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(54) Title; INTEGRATED PROCESS FOR THE PREFARATION OF EPOXIDES
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[~ (57} Abstract: The present invention relates to an integrated process for the preparation in cortinuous of epoxides which comprises:

N (@) preparing an alcoholic or hydre-aleoholic solution of hydrogen peroxide in a concentration of over 3 % by weight, using a gaseous
stream containing hydrogen, oxygen and an inert gas, in the presence of a bimetallic catalyst based on palladiom and platinum as
active components; (b} putting the alcoholic or hydro-alcoholic solution of hydrogen peroxide obtained in step (&) in contact with an

~~ olefin and a buffering agent, in the presence of an epoxidation catalyst suspended in the reaction solvent, in order to obtain a reaction
mixture containing the epoxide comresponding to the olefin, water and the alcoholic solvent; (¢) treating the alcoholic stream leaving
step (b), after separation of the epoxide, in order to eliminate the nitrogenated compouands present; (d) feeding the alcoholic solvent
obtained in (c) to step (a). A part of the solvent obtained in (c) can be used, when necessary, for diluting the hydro-alcoholic solation

B of hydrogen peroxide obtained in step (a) to the value required by the epoxidation plant, The process operates under high safety
conditions and with a high overall efficiency, in terms of productivity and selectivity.
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next patfey soaartie e FINFEGRATED PROCESS FOR THE PREPARATI ON OF EPOXI DES t
(57) Abstract: The present invention relates to an integrated process for
the preparation in continuous of epoxides which conprises: -(a) preparing
an al coholic or hydro-al coholic solution of hydrogen peroxide in a
concentration of over 3 % by weight, using a gaseous stream contai ning
hydr ogen, oxygen and an inert gas, in the presence of a binetallic catalyst
based on pal |l adium and platinumas active conponents;. (b) putting the

al coholic or hydro-al coholic solution of hydrogen peroxide obtained in step
(a) in contact with an olefin and a buffering agent, in the presence of an
epoxi dation catal yst suspended in the reaction solvent, in order to obtain
a reaction mxture containing the epoxide corresponding to the olefin,

wat er and the al coholic solvent; (c) treating the alcoholic stream | eaving
step (b), after separation of the epoxide, in order to elimnate the

ni t rogenat ed conpounds present; (d) feeding the alcoholic solvent C
obtained in (c) to step (a). A part of the solvent obtained in (c) can be
used, when necessary, for diluting the hydro-al coholic solution of

hydr ogen peroxi de obtained in step (a) to the value required by the

epoxi dation plant. The process operates under high safety. conditions and

with a high overall efficiency, in terns of productivity and selectivity. 4 |

Novenber 2005 WO 02/ 14297 Al

1112212222220 fFHPREFEEETZETE R T U 222222220000 errerrrr12212211 01 hli 'l m For
two-|l etter codes and other abbreviations, refer to the "Quid- ance Notes on
Codes andAbbrevi ati ons"” appearing at the begin- ning of each regular issue
of the PCT Gazette. WD 02/14297 5 | NTEGRATED PROCESS FOR THE PREPARATI ON OF
EPOXI DES The present invention relates to an integrated process for the
preparation in continuous of epoxides by the direct




10 oxidation of an olefin wth hydrogen peroxide. Mre specifically, the

present invention relates to an integrated process { aiovdi®eprepas ation in
continuous of 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 gxgﬁgﬂ%g and oxygen in the presence of a binmgfalllcocatalyst based
on-pal ladiumor” plati numas ac- tive conponents, feeding 850l ution to
an epoxi dation 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 internediates 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 ymers such as pol yesters 4 Novenber 2005 WD 02/ 14297 PCT/ EPOL/ 09034 or
for the preparation of internediates used in the synthe- sis of

pol yur et hane foans, elastonmers, seals and simlar products. Current

t echnol ogi es adopted on an industrial scale 5 for the production of
propylg?e oxide (PO are based on processes via chlorohydrin and processes
via indirect oxi- dation wth hydroperoxi des as oxygen source. In
particular, the conmercialized chlorohydrin process involves the synthesis
of propyl ene chlorohydrin (PCH and 10 subsequent dehydrohal ogenati on of

PCH to propyl ene oxide PO, Thi [ Ss _h 1s_t.he foll ow ng
disadvanta%é?&mﬂ?Epth%?%Hh%pﬁoﬂﬂﬁfﬁﬂﬁ%ﬁ@ﬁﬁgﬁ¥$¥ﬁégﬂﬂﬁﬂ queous effluents
(40-60 kg/ kg of PO contai.ning sodiu r calciumcghlorides; 15 - the

copr oduct i on oﬁh@héﬁ???ﬁﬁ(%?VSgEéﬂFcréiéiﬁﬁcﬁg i THCIGEFEnBF AL Hh thei r
end- use, st undergo suitable treat- nment. Processes via oxidation

pr ef er abl S%I‘Ef%é: e Pr BRALRE 18 88@?%%’(—? Qﬁdeg?ﬁ%%feﬁgehéw%ﬁar oxi de as
hydro-, @0 Ber P41, 485 ¢ THESS 100 G988 FA i 2a! PE-SRIJR o0 Of @ higher quan-

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




tity of co-products of commercial interest with respect to PO. For exanple,

the process via ter butyl hydroperoxide 25 co-producesicenbed. B0dg of ter
butyl al cohol per Kg of PO, 4 Novenber 2005 WO 02/ 14297 PCT/ EP01/ 09034
whereas that via ethyl benzene hydroperoxi de co-produces 2.2-2.5 Kg of

styrene f PO. The presence of these co-produc of little
vrene, Mgofd : Do ehghy

ad- vantag the request for PO and the respective ucts i s not
sui tably bal anced. For exanple, when the demand for styrene or MIB1;
obtained fromter butyl alco- hol, is high, the econom cs of this process

are conpetitive , wth those, of the process via chlorohydrin t herw se
t hese nBr8Ee§g%§jﬁ?@rﬁBFr%Eﬁﬁbﬁﬂg}nEBI%i e§yH?ﬂ%beq¥§%ﬁHPa§%§ for the

indirect oxi- datiqgn of pro ene involve the use of hydrogen.peroxi de and
essenti al ByScEisi YPﬁ?t§§m£§%?ﬂE§ise%ﬁsq??BFﬁgeﬁeﬁg?o?ﬁaefggﬁagﬁ) its use

in the epoxigat'on process of propylene to 15 propyl ene oxide. Agueous
sol uti ons P6PEREH>: are typically obtained in- dustrially by means of a

CUeh 25 but vl SOFARE GRARRIoBI =S APPRNTH dauPRoNB R R e AR OPGAN G madi ui
T Lo5pr GBcEHRDEE MR SO SUBERRUATY | ST oR00 F1F HRtEbuSphase. Thi s
necossar y BEBROSERS (g (BLOERBY b S BOGHRTTor thi ¥ RS CnBbbesi Ly  of
Novarber 386500103} FT37PREH 91090 R T UR CBhase, and pur i1ying and

reintegrating fhe anthra- quinone solution before its re-use. A second
met hod f or thé“bﬁﬁﬂﬁ&FPgﬁrbfuﬁ?d¥%ﬁ@ﬁc %iﬁﬁ?d Fgéoﬁgﬁ%??§b§mPﬁgsﬁse of

2 871, 1051 CEPLD. B0 RLERR YR, Bo| P SBoRHLr S Ao CUllcAds di aryl
netha98| g%%sequent dehydrohalogenation of PCH to propylene oxide
(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
FO.

For example, the process wvia ter butyl hydroperoxide

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




4,303,632) with oxygen. These known processes, however, substantially
suffer from di sadvantages deriving fromthe necessi tyNofembperatdéing 10 at
hi gh reaction tenperatures (generally ranging from 100 to 180'C) , the
partial oxidation of the ketone which is formed as main co-product, the
necessit [-Ng a hydro- gen peroxide stabilizer (qr horic acid
or sodiu g&yﬂzgphosphate). 15 Furthernore, these progggggg%gg conpl i cat
ed by the necessity of separating and recovering the ketone and by-
products fromthe reaction m xture before using the hydro- gen peroxide
solution in a subsequent, epoxidation process. Another nethod for the
product i oWB8FeRT drid§én Ped oo FHPERAENO N PERT RETPELEE rERTFPEUFEDM a
techni cal and econonmic point of view_ is based on the direct synthesis of
hydr ogen Zpérox? d&f FomtMPeRa P2 K9TRESR  pr ocesses general Iy use a

catal ytic systemcon- sisting of a noble netal, particularly netals of the
plati- 25 num PFORFSCIERePE HSESULESPEeHGFe CrBr e ot shittdeopdas 4 4
Novenber 2005 WO 02/ 14297 PCT/ EP01/091134 supported nmetals, by reacting the
two gases PRT89Qolifenthe cowereetnd o8t BEh &Fdeo® nEGFRRT Y Eanto
aqueous-organi c me- dium The industrial enbodi nent of these processes
howeveP HYREBCHF obedlPh BEIERPIY RAtarcsr-t HOTf SPEBRLAg FREZ0RE® A) the use
of mxtures. of H2 and 02 in concentrations fal- ling within_the

expl osi vi CFMFRA gEOT a8t YRG0k d1EEne CBRRENC xPTWs i hAF WYEH 1t RéSConcent rati on
of H2 exceeds a value which, in relation to the pressure and concentration
of 02, 18%aried¥Fomtaesceor@ehasy of ol ke PISCesv e AT MRS FAYE ng out si de
t he explovaitg range of H2 02 m xtures, the use of high concentrations of
02 is risktRothRFRIGE dhe RERCESS et chleerhydniny | PEYekHIS® theSPresence of
fl ammabl e organi ¢ sol vent nediuns; 15 C) the use in the reaction nedi um of
hi gh conc®RPFasIThRIGT ROBr BRAGHSE - for exanpl e acid promoters, hal ogenated

products _ ] L .
10 Other synthetic techniques for the indirect oxi-

dation of propyvlene involve 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-



and/ or other additives, nakes the catalytic systemor H202 solution
unstable. This nmakes it necessary to add stabiliz- et owsinbhroh@¥DOUS
purification operations of the H202 solu- 20 tion before its use; D) |ow
productivity and selectivity of the reaction and the production of H202

sol uti on%q\@{lgg?are too dilute for eco- nonmc i nd“S”ipE'E/gﬁiiBbdghtati on; E)
| -

poor st abi y of the catalytic systemunder the reac I'on conditions.
4 Novenber 2005 WD 02/ 14297 PCT/ EP01/ 09034 Patent applicati on EP-812836,
for exanple, describes a process for the preparation of propyl ene oxide

whi ch con;_.sists.in _reacting_ hydrogen an n.kn_t p e of a
ot alyt | CGabAPbRtsRsq S Sptr 08 da e s Bhe DuEEE

pal | adi coholic
medi um and_usi hg Ege hydr. | cohplic mXxture of hydrogen peroxide thus
obt ai ned FA-THE &P

O_
TR IO F0tE8s™® Yhe i Il ustrative exanples of this

docunent desc&iQ&ﬁ;?gnggggq5;%é¥1e%% %%g?ga?%§%ngégé%ggégﬁgﬁggo ont ai ni ng

H2Q2 in conceéentT s ranging from 0 Using
t hese solutions in_the subsequen i .dati (O 1 hour,
hydr ogen % ?6§F551§85v55%ﬂ5ﬁ%O%q%ggggﬁ%gg§&%gﬁaig J%E%geg%ééé?y, are

ydr ogen hEf GEPHE" ZBnversi b _ _ 2T
e it reaon e BEG et RaR 7Bt FE IR 8RR e Lo

be of industrial..i.nter- est for.th I i ns: e e, in the
eact on MR AAPEL Ree AT e ERERHS L 88 AEAEP heyBladl o (e T
concentraj i L, proppters, for exanple acid pronoters, hal ogenated
products %ﬁ%ﬁ%ﬁggfhg%ggop%Xﬁﬁqﬁ ves, nmakes it necessary to add consi derabl e

Ut eSSl e SRe i e LhToler | bl Rudregugi gp- ot on
Sehec o e g SRLAOET 5ot Rl TSRO ) VRS i) b oo
10 at high reaction temperatures (generally ranging from 100
to 180°C), the partial oxidation of the ketone 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



C) Production of a high streamof waste products to be disposed of in the
epoxi dation process; D) The use of diluted hydro-al cohtdvembsol 20050ns of
hydro- gen peroxide inplies the production of a streamof alco- 5 holic
distillate whose entity nmakes the process rather un- econom c. The

Appl i cantyh ppw found that by using a well de- fined,GrLbmepf; metallic
catal ysts andloperating conditions in the initial reaction between

hydr ogen and oxygen, and by 10 suitably treating the recycled al coholic
sol vent | eaving the epoxidation pl ant before being fed to the hydrogen
per- oxide rodu an o eral h process . effici

obt ai ned HB?%]FWB dué:ly \ﬁ‘ﬁf hg &E‘Feg‘?’l PyigRTES| Alpdr 192 ?LYl énr-

operating accordj to the process .15 of the present inventian, the

f ol | owi ng ARV HHoe fgr LRe, gTin, 85, EH BHIPR SR prodt s [ n t he
epOX|dat|gnu8Iant - high stability of the catalysts used in the tw reac
tions reduction in the reaction volunes; 25 - high degree of purity

f th d tht t of th t
O hventi onox Soie, %ﬁ%ﬁﬁégn%?"?\émdb?%%sgff %ﬂe$%25%?%%%%es sy,
ti d d | ef th hyd
Doroxi. 50“%%36%6%%658& G ”e?P OEh8 b s hg, 8928085 1m0 bo0ss (a)
| hol hol | ut d
D e Pl B 8 v i ana B 20¢ Som g o csBeBhs iROdEPET OXt 08 11

hyd : d t th f t al

catal yst | BREEA Ha %}ea(ﬁ r %i&’at‘f?‘ﬂﬁ%ea 5 SEEVE Eonio AR by putti ng
t he alcoholl or hyd o- al hO|IC S |on of %gdro erOX| e obtained in
step (a) @%ﬁ‘sect“f&f? SRR B (2 | HSHnc & e pr esence
f dat ded th t I d

to obt S.pﬁxé FBact G iR gls £ S@a%%%ﬁ%ﬁah@hanip%e%ac?e't%%ﬁé’nvi i ng 1o the
ol efi

wat er th | cohol i.c solveng said buffering agent being fed in
Cont | Mhougontes Eha 3-8 €885 1Sy SRILKRE:

B) even when cperating outside the explosivity range of Hp—
Oé 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 Hz0z 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.



the reagent streans fed to the epoxidation reactor, in such a quantity as
to maintain the pH of the reaction mxture, neasured Nmcebeop2dER | ve
conditions, at a value ranging from5.5 to 8; (c) treating the alcoholic
stream | eaving step (b), after separation of the epoxide, in order to

el i m nat gud heyashi,t ro- genated conpounds present; (d) fg% Eﬁ&ﬂkﬁﬁ al coholic
sol vent obtained in (c) to step (a) . The process for he preparation of
epoxi des according to the present invention can be described in detail as
fol- |ows. in the first step, the process for the synthesis of epoxides may

based on  pal AN aﬂafwéﬁﬁ%%%dh@?%#%ﬁagﬁ%%éﬁﬁm bt sper - of o in
2n ol 4 NBRGREH 05 R0 WERPESEORCHT EPEAT O SoRe! HCer ‘é‘ﬁ?-i"t re vith a
b oot or . SCPFS & 'gé%aéc%ﬁtge”b&ea“’“t T ARGy G o PEDER Gha® an Inert
2. 5% EC""L%‘%%&%?% AR B RBBRTr St THPROT CoRy DR 4 e GndRe3456 by vl une.
iy o FS%&%M?% ST it SEPICareT g%’iﬂﬁé)b%]f SRS Bt RERAPT 1) “and ai so
Contal gy Ahg AYdo9en B g e a0 el o produeag, by the rgpetlon,
o 52 Lact S O e SRR P BT R SRR S,
b any 1RO LN Lop shet UL 10 sont v, condel g T
effec- tiye coMas: ?EBI‘Q’SGPaﬁg@%gg%ESﬁ“&P?% 0.5b94¢ R1age and
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 high reaction volumes

25 in both steps of the integrated process;



20 catal yst kept in dispersion (so-called slurry system. For exanple,
stirred reactors, bubble reactors, gas-lift reac- to#siowemernt@ial or
external circulation, such as those described in the state of the art, are
suitable for the purpose. 25 The reactor is naintai ned under appropriate
tenpera 4 Novenber 2005 WO 02/ 14297 PCT/ EPO1/ 09034 tune and pressure
condi ti on¥ORAEWY di ng to the process, ob- ject of the PE/ERIPWH t he
tenperature normally ranges from -10C to 60C, preferably fromOC to 40C
The pressure nornmally ranges from1l to 300 bars, preferably from40 to 5
150 bars. The residence tine of the liquid mediumin the reactor normally
ranges fro@ 0. ®xotiocbidueE, aphefler abtser ro Gadi®e produdisurte. BEhe cat al yst
whi ch can be used for the purposes of the 10 invention is a heterogeneous
cat al yst cdigrussidngfpih | Fdi wpoxadet pimtpnogesas active conponents. |In these
catal ysts, the palladiumis normally present in a quantity ranging from
0.1 to 3%by wdhghtisanaf tdidutphabydnmmalicchodiansotyticasgpfigh¥drsm 0. 01 to 1%
by weight, 15 with an atom c ratio between platinum and pal | adi um rangi ng
from 1/ 5000¢ ROECE. ifpdipal khdi predscipief evfibd yshregemt i mleoquantity
ranging fromO0.4 to 2% by weight and the platinumin a quantity ranging
from 0.92 holilk Slislylhetghwhoss temtahy20akeonite matdicesberagzer plmat i num and
pal | adium ranging from 1/200 to 20/100. In addition to palladi um and
pl ati num etdrmmigetals of group VIII or IB, such as, for exanple,
rut henium rhodium iridiumand gold, can be present as active conponents
or 25 pronot er §hei Appltonceasatiosn fpendr &hhy byt ubinghexr wdian de-Novenber
2005 WO 02114297 PCT/ EPO1/ 09034 that of the palladium The catal yst can be
prepar ed bfindidspeospbngfthetatlio eatadypbrnemd apematingecbnddtidresr by neans
of precipitation

in the initial reaction between hydrogen and oxygen, and by

10 suitably treating the recycled 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:



and/ or inpregnation starting from precursors consisting, 5 for exanple, of
solutions of their salts or soluble com plexes, and4td¥eregbarr2tifced to the
netal state by neans of thermal and/or chemi cal treatnment with reducing
substances such as hydrogen, sodium formate, sodiumcitrate by nmeans of
preparative techniques well known in the state of the 10 art. The inert
carrier mWOPYYE¥al |y consist of silica, alumna, siliPEAERI3Aa,

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 lysts useful for the invention. Activated carbons which can be used for
t he inventileh paepastrecareicdwliross &vdressiconlisatspdatieri gfn deri v-
ing for exanple fromwood, lignite, peat or coconut and haang a surface
ar ea hi ghehyeihagersquerm¥igeapd ahtetcanraZzdoreaéholep3 iy waighparti cul ar
those having a surface area higher than 600 n2/g. Preferred activated
carbons ar #singse WRSAORES | PWeesh copdaiBhng IMEredan, omEyearadiflvaied car bons
described in Italian 25 patent application M 98A01843 can be used for the
pur pose. 4iRevkntes. 2005tMD WHSEAZE7 CBECH EROLDaDBY Bedtorlysthéasagporti ng or
i npregnation of the netals, the activated carbon can be subjected to

treat nent Stchabkrdiws indgpieinui asi pEbtvewra@Prosenteeat mrent Wit h aci ds,
bases or diluted oxidizing agents, for exanple acetic acid, hy 5

drochl ori c (R¢i @utsduyuirhearbonaebl andr hpsdsgen gvdirdeolebimmecéat al yst is
normal | y suspended in the reaction me- diumat a concentration ranging from
0.1 to 109 w9rogsmyreroyidef ebhbiyed riom stap t (2)3%bycandiaght ¥itheahi qui d
stream (1) can consist of an alcohol or a mxture of Cl-C4 alcohols or a
m xt ure of osafin androlifering wagent wiith theppoeaeese off gsh@Pogicontent. A
m xture with a prevalent alcoholic content refers to a m xture contai ning
over 50% bfawednynateflvstcohepersiedriint the pfacilioghepsverhonig ocdets

al cohol's, nethanol is preferred for the purposes of 15 the invention. Anobng
preferred fPxebtain iz zeaghignupéxture 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:




of nmet hanol and water containing at |east 70% by wei ght of "~ ‘nmethanol. . The
liquid streammay al so contain an acid pronoter andé alidvambgenaddEd
pronoter. 20 The acid pronoter can be any substance capabl e of gen- erating
H} hydrogen ions in the reaction liquid nediumand is generally selected
frominorganic acids such as sulfu- ric, phosphoric, nitric acid or from
organi c acids such as sulfonic acids. 25 Sulfuric acid and phosphoric acid
are preferred. The 4 Novenber 2005 WO 02/ 14297 PCT/ EPO1/ 09034 concentration
of the acid generally ranges fromO to 1000 ng per kg of liquid nmedium and
preferably from 10 to 500 ng per kg of liquid nedium The hal ogenated
pronoter can be any substance capable 5 of generating halide ions in the
reaction |{zgui des@ithdaimo HubsdEnrgs wapabhhen®f a gesesBidtn@dy@micde i ons are
pre- ferred. These substances are generally selected fromhydro- bromc
acid and igadlsdlitss sodubletinud, hegteaotenson®edindn kegtorirexaigdea--al kal i ne
brom des, hydrobrom c acid being pre- 10 ferred. 15 The concentrati on of
hal ogenat ed.oor dnoi e¥igdretr-abtyion angdsmirom 0.1 to 50 ng per kg of liquid
medi um and pref- erably from1l to 10 ng per kg of liquid medium The
gaseous stidigam (i i3 ldtguilestrdé®i caricahhai &if &an @daecRol rad i@ - hydr ogen
of less than 4.5% by volune and a concentration of oxygen of |ess than 21%
by vol une, the conplenent to 100 being an inert gas, which is generally
selected fromnitrogen, helium argon. Said gas is prefera- bly nitrogen.
20 In the gaseous stream (ii) the concentration of hydro- gen preferably
ranges from2%to 4% by volune and the con- centration of oxygen preferably
ranges frome6%to 18% by volunme. The oxygen can be supplied to said stream
using pure 25 or substantially pure oxygen, or enriched air, as raw mate

- 8Ba -




4 Novenber 2005 WD 02/ 14297 PCT/EPO /09034 rial, containing for exanple
from21 to 90% of oxygen or air, the conposition of4tfeegbeca®®dhen bei ng
brought to the desired val ues, defined above, by the addition of a

sui tabl e concentration of inert gas. 5 The liquid stream (iii) |eaving the
reactor npBidhyy has a concentration of hydrogen per Qerd@oRfooaver 3% by
wei ght 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 liquid stream 10 fed and water in a quantity equal to that

char ged W ot Dac L O 354 CELE o4 {90RERRW §11.3hA 1Pl Sfuiahikal ned as

reac- tion by-product atter usually represents an addi- tional

concent ratin, ohi e 5% LR13- BIGM UeTal o ik AaThedl bbigtatream (i) oy

be separate ron1 catalyst by neans tration te i ques wel |

known in fhe state Qj(a.steaﬁs a%Ere«%{? U ﬁgbﬁyﬁngéEe Syl Leps situated

inside the reactor or I n a specl reC|rcuIat|on cycle of the reaction

mi xt ur e O%Sll%rtthegagsea(ah%&acfgri%gji Lt L ogpe chlleedanagphi gl fitration

techni que can al so ™ be conveni ent opted. The l'iquid stream (iii) proves

to be st alﬂy'arﬁﬁﬁ ot 1L aGG M LRONT, F0r ’vBQUI[\QEaIﬁQ%E' 8BndniStAR0h! Z1i ng

subst ances gaseous stream (1v) "l eaving the reactor, essen tially

consi sti ng,s0f,.RART §ached.hydrogens; and, oy di@meRer &o93S,
general |y cont ng agvo uﬁe concentrat?ongo 1 Nove 192085 MC902/14297

PCT/EPOl/Q%ngeg%ggggqgeggu Lsto or lower than 2% nornally rangi ng from

0.5 to 1.5% vol unme c ncentratlon of oxygen generally less than 18%
normal | 'y r@ﬂglg %r%ﬁ 1Yo d L3R .embodi nent of the process of the
present invén- t t he gaseous stream | eaving the reactor is recycled

HAE R 2% % Brofh sthtsiir pibe st omthe
10 stream (i) and alsoc containing the hydrogen peroxide and
water produced by the reéctiqn, characterized in that the
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-



ert gas charged in excess with the feeding, particularly when air is used
as oxygen source. In this case, the gase 10 ous streaniqiampeiredldd t he
reactor consists of the recycled fraction of the above stream (iv),
containing a quantity of hydrogen and oxygen (as such or in the form of

air or e“Wo%%ﬁ?@ﬂ air) essentially equal to that ”SEdﬂ%Rg?%gﬁ&ﬁ reac- tion

and that use or the flushing. 15 According to another Iment of the
process of the present invention, the gaseous stream (iv) leaving the re-
actor is fed to one or nore subsequent reactors operating analogously to

et ep o 00 AL B0 R0 Cagh LRy, 3OV LIar 0, Yk o9en and
(o, Gl UBe Bl 5201 o, L, LKES, BLSCRL0 g g roactors
Py ogen YRN8, HUEL BELELY Sl A {10, SO RBIREVST Vi,
e o 1 S HA, G S S Sach B BB ART Do o 11 @

hydrog%n ;?ﬁdb ug, general ly higher than 70% Furthernore, the possibility
of m ni'm Zi'ng fhe* concen- 5 trations of acid and hal ogenat ed pronpters

present in the_ react.ion |liguid i u ositivel,y influences the stability
bt “the cat al yi Fit otidieen Bt af the Lraed et B, i SRBerOFoss Tt he
catalytic actiyity after 1000 hours of re- action in continuau 10 The
filtered FFEHngXtF%Eﬁﬁ%i'QQF PsggeﬁPté)EP%%iacPFSEer%hﬁ%'EESHsgs?Png of one
or nore r ac%ohs containing the ep- oxidation catalyst suspended in the
reaction eP™%: gether with the olefin and a buffering agent. \Wen the

concent [all on Bhe MALAGSR, BEIGKLE b L, A8 LSS SIGARALLY 1ot gher
oL oy ibonkfof LY A 2 sl Ly Sl ool sty gt (20LY
t he reactg%%'ggé%iné%)ggsagggvéqxgmggzkkg[ation unit consisting of one or
nor e :
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...



stripping (flash) colums, one for each reactor of the re- action unit, to
obtain a product at the head essentially consisting dglovembErnZ@a de and
non-reacted olefin and a product at the bottomessentially consisting of
sol vent, 25 non-reacted hydrogen peroxide, water and reaction by 4 Novenber
ZQOS_V[)Qﬁé&ﬁégg PCT/ EPO1/ 09034 products. The_produc%ci&P@%&BQotton1of t he
distillationunit is fed to a deconposition unit R4 consisting of one or
nore reactors containing a deconposition catalyst having the function of
deconposi ng the residual hydrogen peroxide 5 into 02 and H20. The m xture
| eavi ng tgﬁagquqﬂgibtgggdunlt R4, essen- tially consisting of solvent,

oxygen and wat er, 1 '%%'gether with an inert gas (preferably

nitrogen), to fhéﬂg% %}Y? g?%gggé ég%ﬁ<%e%bg§i§¥5é§ﬁ%£§%I%%%dacg?ggseous phase

con 10 tai ni ng oxyge race and, he bottom

a |iquid phase,cOnsisting of 8ol venl, vaper, and. s Acliion By pyoducts. The

e

gaseous phas eavl ng 0O a condensatl on consisti ng of one
u
[

o Tore candaneelloseries LOlcs thed cpavannaal (s sieskdyal sol vent.

[=]
wher eas t on cohde € conpoun oxygen an as Wwth traces of

I di sch d 0] I A d ' d
The. I PyulHE pRECETEANT hoo MU IEY &F (Bo SALEE: PPatPOCEb B0 20 Cor

e
ation"colunmm 20 Cb6--A
0

surfuric Bibeefasbtt ForBdingriuttn Wit upPe R re Bl B Tt e
e

sul="furirc aciawth respect to the

total str tp obtain, . at. t head he .purified. sol nt ai ni ng
traces of%ﬁg%%?f %ﬁéﬁ?ﬁnﬁ?e%ﬁaaa %%ad%rﬁzg?EFhgegéﬁa%é%ggggggﬁg?élIy consi st
25 ing of reaction ter and.that_. charged with t hydr ogen 4 _Novenber
2005 0 0575t e | G508 pEr SIS sl (A S CReEnEna  F aces
of solvent,. which _is discharged. The,so@lvent.|eayin n sation
systenlangftﬁgeg??%&ﬁv [)%%ﬁ%ﬁ i B 5%4%3 gnp%%fg¥3b3§é€€d8?ogg$ds t he bot -
5 ton&gf %Q@ distillation colum C6-A, whereas the acid solu

The inert carrier may typically consist of silica,
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 m’/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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tion is fed at a height equal to about 2/3 of the columm. The function of
this acid treatnent is to conpletely sepa- rate the fiNavegesat 2ebDasi c
products present in the stream which could influence the performance of
the catal yst used 10 for the synthesis of hydrogen peroxide. The sol vent

| eaving the head of the colum C6-Ais fed to a colum C6-B, in or- der to
separ at e WOD2i1428ht products at the head, whereas the FPRFERIBWSol vent is
separated at the bottom The streamat the head of the colum C6-B is sent
toa 15 distillation colum C6-C, to recover, at the bottom the solvent
wi t hout |ight products, recycled to the hydrogen peroxide synthesis
reaction, and &8efoneehhe asepbstiriegmonf inprghhapicduct sthatmébelshead. The
acid treatnent in the colum described above, can 20 be substituted by
means of trleatantnitabadt berbmet kamobeasubhectdibad dfre@dménti siclacdd vat ed
carbon, sulfonic resins or sul- fonated carbons (ltalian Patent Application
M 98A0184&shifhewptidiicttidtl eiheabheadwftrehtmstt i pilimgcidbunvdsds and t he
vent products of the reactors are fed to a distillation 25 colum C4 to
obt ai n a prodiiciutedt oxhidihtagl, agarisi,stiorg cofamdiNowerbec 2005 \WF-02/ 14297
PCT/ EPO1/ 09034 non-reacted olefin, recycled to the reaction unit, and a
productd, alrachdobbdttamdys sediiml tyrioondiestndghpfiradesf iperoxidéde. The
product at the bottomof the distillation colum 5 is fed to a
purification s¥beerai@hlysthesrretmhibly chiepbended imiited raectbenheead C5 is
recycled to the reaction unit, the |iquid phase, at the bottom

essenti al Idiworti at cogeeaftisadiionveangisgr oyl ed tw (188 biaséigiwt,um(s), and
the olefin ox- ide with a conmercial purity is obtained froma |ateral cut
10 i n the nyyferabayt fofm theé ¢ol B¥rby Gedighits whi ch can be used in the
process of the pres- ent invention are those having general formula (1) 15
wherein: Rl, RZheR3ignild Rdtrédme &gnmecor dbnkfietent, agsaalbeholhyar ggen, an

al kyl radical with from1 to 20 carbon atons, an aryl radical, alkylaryl
radi cap wmiFtRren®7 G.0C2eleahdpbh @0 aatdasure ey ctacakRgprheddivdth with from
6 to 10 carbon at- ons, an al kylcyclo-alkyl radical with from7 to 20

car bon 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 -



atoms. The radicals Ra., R2, R3 and Rd, can form in pairs, saturated or

unsaturated rings. Furthernore, said radicals 25 cah Korsdiem halDgen
atonms, nitro, nitrile, sulfonic and 4 Novenber 2005 WO 02/ 14297

PCT/ EP01/ 09034 5 rel ative ester groups, carbonyl, hydroxyl, carboxyl,
thiol, amne and ether groups. The ol efins can carry the above

substit ueMXx0286h on unsaturated carbon atons and i n BCTERES4 positi ons.
Non-limting exanples of olefins having forrmula (1) are: ethylene,

propyl ene, allyl chloride, allyl alcohol, butenes, pentenes, hexenes,

hept enes, octene-1, 1- tridecene, nesityl oxide, isoprene, cyclo-octene,
cycl o- hexesnrcentrgtion| P€ theapatidistenssieldy menbes nénas, 0 pt;meh@® 10 etc.
The preferred olefin is propylene. Propylene with a purity of over 70%is
gener al | y mgarer Kgeofr bpylishaeiddun paed arsifleyablmi faid 6.0as0a56% rmeam from
steamcracking with a mninmumpurity of 96% the remaining percentage
consi st i ngeer Ko fplbpahd mediumypi cal C3 inpurities. The quantity of

hydr ogen peroxide with respect to the olefinis not critical, but a nolar
rati o ol efi n/ HI82 hahggehaied mowmdOet tan lbd Ggnyprafletabcy Eapabplb: 1 to 1:1,
is pref- erably used. 20 The epoxi dation reaction can be carried out in one
or nore |9fuensmsbiogt hadtideparhdatinontheenpecaionediqubdpaediuml e with
hydr ogen peroxi de and capabl e of dissolving the olefin and ol efin oxide
produced. Boistamcssofcapapdearohageneraivingg sbrogidd aonal ealeol poz- 25

m xture of Cl-C4 al cohols or a mxture of said al cohols 4 Novenber 2005 WO
02/ 14297 FCEHEEQ1IBeSSsukisttanmas earenigdnexapilgvedbattesl dobnl hydoont ent, are
typi- cally used. A mxture with a prevalent alcoholic content refers to a
m xt ure cdmagiigi agidvend5@¥sbyabes gitlwdlealign-theolreactibnt wediwtk, al cohol s.
Anmong C1_C4 al cohols, nethanol 5 is preferred for the purposes of the

i nvent i on.foasxgrmphe abkxtinmegromidest uhedofbmsticarelidabdimat@re-cont ai ni ng
at

10 ferred.

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_.



| east 70% by wei ght of nethanol, is preferred. The buffering agent is
sel ected from ammoni a, amoni um acetate, ammoni um f ér¥ovaEmbeor 2@0syst em
consisting of a ni- 10 trogenated base and one of its salts with an organic
or in organic acid as described in Italian patent application M
99A/ 001658. The buffering agent is fed in continuous with one of the
reagents XQ¥AAP7fed to the epoxidation reactor, in 1BCHERMAOM3Guantity as
to maintain the pH of the reaction m x ture, nmeasured under the operating
conditions, at a value higher than 5, preferably ranging from5.5 to B.
The epoxi dation catal yst which can be used in the pro- cess of the present
i nventi on r3akel emtteddfingmivhoszageber fr@d 21 | yo koadWwnofindeygdérheomane of
titaniumsilicalites. For exanple, titaniumsilicalites can be used, with
an Ml stairct utiee despssiiddni ot ihepattepbmUtBendbdify SBtoughthited al so
describes their structural characteristics. Titaniumsilicalites in which
part of thehei tasitedi salBs,sudstiinadt edbolvy, otdyertinetadditdoah & doron,
al umi num iron 4 Novenber 2005 WD 02114297 PCT/ EPOL/ 09034 or gallium can
al so be useditaiies eocaubstidiitosd offi faariumassi | icalites and the nethods for
their preparation are de- scribed in European patent applications 226, 257,
226, 258 and 26Be825quidTistasdmm{sil) chdatiesy vileh maWEbronormé EYyredi at e
MFI/ MEL structure, described in Belgian patent 1,001,038, can also be
used. O hehasi bamiomeesitkatidn t ef tgdrbgersepekexidd 6f omwvbet 8%zdpfites
containing titaniumand having a BEA structure, described in Spanish
pat ent 2, 08€i&96, aZSM e i@rauint afromad® | tanl 0 Bpdwepghonalkt ymalum num
described in "Journal of Chem cal Communications, 1992, page 745". The
preferred ehtalgattadecdhgi agld oP¥dRCteSast hrAoenndiesh premoter in
titaniumsilicalite having general formula (11): xTiO®. (1-x) Si02 15.
wher ei n: xquaprid¢dest sgaahutberthbapgichgriednwdtVO0Qhet 0i6udd, stpsad erably the
val ue of x ranges from0.01 to 0.025, and described, for exanple in
pat entld U Bed Al H256%, inda 8Qdaridhy 49666, 6892thak GiGrGEa, witiB5tha 85,
4,937, 216.

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 technique_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
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The catal yst can be used in the formof powder, pel- 20 lets, mcrospheres,
extruded or other conveni ent physical fornms. The usé B®veanbergafeb (co. gel)
or an inert carrier com bined with the catal yst can be advant ageous.
Supported catalysts can be prepared using known methods. 25 The inert

carrier pical 1y consist of silica, 4 Novenber 2(Q 14297
PCT/EPOl?g§8%4 alum na, silica-alum na, zeolites, actlggtgghgéébon and

other materials well known in the state of the art. The quantity of
catal yst used in the process of the present invention is not critical; it

5 St AR 10 i, YaPOK, AL Rt n $.58 compl et e
erature, ¢ réat %?EE 4 Rl 2 oRELIS 'g%%%ﬁﬁﬁr%“ﬁ@e%%erf%ﬁ&% REnG e daent rati on
et ivi Ly G0t YRR of % HREBF L b TATBLRHL PO & &Podtlicad. The quant |ty of

?22292% m ﬁ?f'é'%bra” SuohPabt 5 gfeAES Thobtly METTR: THE"Temper ot ur o

150c, Bref cphb 5 HERCoHD Thr LB “tr%%%e”era eldGare, O

preferred erating,pressure i s _suc al Low the olefin 20 to be
mai nt ai nedt %F?éhﬁ &8 5Fa9ﬁ ?ﬁ%ﬁFéﬁgpgﬁ Te- £§3?e e§YF5? t he
reaction. ener al the oper a |ng res-.sure_is higher atnDspherlc
pressure ﬁﬁgn%63%E&ﬁﬂ;9ﬁqgsng¥s A e° {hﬁﬁ?at+ﬁg F% %h |n ‘the
epOX|dat|on reacti on can be 25 any_ abIe for ing in
cont i nuou§*End3¢oF &rﬁﬁgeﬁﬂegxﬁﬁﬁ% W&f@Z%ﬁﬁZg 'EP@%? Eﬁctlng t he
reaction in a systemsuch _as that descri ni ng ,an effective

contact b&PRBeR™t HE® S84 7S5 f)ﬁgg?lflqsoucﬁ% p?‘rgsggéﬁdc%%?’al REGt in

SUSpeTEIOouS stream (ii) fed to the reactor consisis of the recycled

fraction of the above stream (iv), containing a quantiﬁy of
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 is 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

- 15 =



For exanple, stirred reactors, bubble reactors, gas- 5 |ift reactors with
internal or external circulation or CSTR (Continuous Stuambed T&EIEK
Reactors) or PFR (Plug Flow Reac- tors), as described in the state of the
art, are suitable for the purpose. The olefin charged, this termreferring

to fresh ﬁb%%n&%fin’ recycled olefin or their m'xtureptsq,)[/F1J'1FE%{({9 q to the

reac- tion step under flowrate control and in excess ze the
conversion and selectivity to olefin oxide and naintain the reaction
pressure. A mxture consisting of fresh olefin deriving frombattery

limts and regycled qlefin i ref 15 erably fed. Beforge entering the
rleacti on Lﬁﬁatc,%{f’ﬂem?gégzﬂlp%# (Seli“%ﬂ: B“&tguﬁyﬁoga?—’i ﬁe{Lﬁ‘étJd‘Fg‘tyi It:oé'?i on col um
4. Accordi an enbodi nent _.of the_process of .th res ent invention,
the reacti'tn nﬁzgei goﬂ%liélqﬁ’p O%f %%ﬂeﬁefgﬁ%l-n 3;05 tRe. E%-QF?%Q%fusﬁ% CSTR type
and isotherns. 20 Tgf react ors Rl gand R2 operate under substantially

i denti cal EondePFHRASY et TR ofifar at ure of about 55- 75C and a pressure
of 13 bars, where the reactor R3, ..which_acts, as .finishing reactor, i.e,
Wi th exhaust | oA UBFASTEy FASGRAS HRIdAFHeOF i BT LRE I GRERT and R2.
oper 25 ates.,at at erat ur f.79--90C and a, pressure of .8 rs. 4
Ngvenbe%r %WO?%EE‘%% : /%@&9%@%?% ?ﬁ@m%%rsal?g%%ﬁ atlino%%reeacti on of
the olefin i -,Lied. out i h,. to h trati f
1002 of 1RSI RN LIBB BT RESIEF KShY | BAHRG ERe ORI TRE-L the first

and second ctor he.reaction selec- 5 tivity with_respect to hydrogen
per oxi de iosfgrg’% rﬁ?iktgﬁy € hS YR T EFEPo AT B n@a%gﬁ he? t ‘iﬁ?‘cﬂ:afléactor t here
is a selec-, tiyity of 80% nmolar_and a.conversion of. 95% The flash col -
e substaith SPFY Ehert GRURMEFLS s WITEY opereh (g0 BREFS G5 GG and

di schar ge, %t. t he head,. streans in vapour phase 10 essentially consisting
of non-redCteq ol B FH P oxide, inert products, for exanple aliphatic

Yo Don SHER P BLOE G SO (PR £ N8 LG (e
conposi ti Ourﬁitlgogggs%/fr?go We oarllte togemggg drgz;ctcocgslsuré%%t%ﬁ%g: c‘§1eare(%)—f ed to
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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a distillation colum C4 to recover the non-reacted olefin at the head.
The latter is recycled to the synthesis of the ol ef inNevanderak0es parti al
elimnation of the inert prod- ucts. The vapours conmng fromthe vents of
reactors R1I-R2- 20 R3, are also fed to the colum C4. The tenperature at

t he bott e colum C4 nust not exceed 80C with i times in
t he orde(rwa())PInI“EJr?’i n- ute; this is to avoid degradation P@?%Fﬁgﬁo efin oxide.

Whereas the streans at the bottomof the distillation 25 colums C and C2
still contain significant quantities of 4 Novenber 2005 WO 02/ 14297

hosi o of PERGUS L1 | Ay PARCIE hetk: Fam AL Pl ai Ficof ST LGN 3 15

t hesi s of e ofefi nox

substanti bLy. YLRaut: 20 A0fessanl ALLY nEolSLSLE of aolyent, waler and

reacti on by=products. rea

the | hest gl hudragen peroxide, R4 consbatlag.of oig gtotey bixed bed

[=4
tubul ar reactors arranged |1 n sertes. en per

jgacton WgCHsc lel e Al skesPhace AN ALON) pbase AL SRaut 50, 90C

10 with a residence tine ra om Sbly from 2

to 5 nknut | es.of catal ysts used in the deconposition reac- tion
consi 2{5 o-ggﬁgtg‘{ggﬁf E@ﬁ‘oup VIIl or their oxides. The carriers are selected

fromthose of &%e] Iﬁ;&\%}earlteegggq/i Bgé -del%mcéjg%g}d%%ggg%ejht H}le r‘l_j xture | eaving

R4 is fed to a phasé Separator V4 " whic _ e oXygé:’ﬁe_aéne_rat ed
product . “SForbraBty T ipBogEno NG e s R b ERERF e Pectsr Re 20 to
Tover 11 aBRRBET 5t 190 LA The OB JERE LA Jen T REPEBrodiot MRPare | eaving.
e ond + EBRERAETECLA Dy PR CONdeBRE Sl SSTLERIA, LSBT Lhe o0l vent,
LE?.?EE%?; nggiiﬁé't&xy%re%,d&ﬁgﬁ‘é‘ rggaesd'an% @%ggé@ eorf 23%9‘5@11, a(i)nz ,1%1%9&'1@
bottom, a liquid 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 =



The Iiquid phase |eaving R4 and the liquid mxture |eaving V4 are fed to
the distillation colum C6-A and treated as descri bediakover The
condensati on heat recovered at the head of the 5 colum C6-A can be used
to supply all the reboiling units present in the process. In this case,
the pres the colum is kept at a suitable val 4,S purpose. A
liquid sﬁﬂ%gﬁg%ﬁch in olefin oxide is extracted fron1¥%ﬁ&9%g%¥%n1of t he
distillation colum. C4, and is sent to a 10 purification section C5. The
latter consists of two colums in series due to the high nurrber of plates
and separates t re- Vapours st ent n-react ed
ol efin anHTHE :'rcfé’ 6§g8£}on£y—tq¥8%88#§ —?'ﬁ"?pc H5Cq6i B s??g SC(‘,‘on Pﬁl ng sol vent
15 and oleflg i de grecycled to the distillation colum C3) and,
Iaterally, ﬁ‘%i?i tream consisting of olefin oxide wth a commerci al

t 99. T t ted he head of th ifica- ti
Col umn G5 my S kb P %a?ﬁona*%ﬁ%‘#%?nesgﬁ%t%oaf PIR oxi de and

o ecees) or it &ﬁﬁ@ SRR hae PRer R ERoR tr i yoR bFrer 1000
etk .%do%%%n‘g |t318?¥¥&??§¥3a q?ﬁwm g S 2L BB R gusL vty and
Dot tor ondirae soatah Sterm it ASpRLBRLa ‘@%‘@%glfﬁ' L OXL?“e"ﬁlcan. ch
Lo oore 8 pind Rl B ¥Rif ho i nde e nRd s "8 Ll a1 \é“é?’; o e he
fed tot h%F?ﬂ?egf%“thQﬁﬁ%e%sb(ag)éfa#%%‘%@tmﬁoﬁﬁ)sPFE;QI? (%f ! %f' o g e
e fos el SRI R feRee S Ptnienintp ol Vi QI AR b e Begti e (o) L

Lﬁ;igf%LP th%g{n%y%tﬁe81s éf)hfg%%%ggnpegbx1déar%héegof%é%% q%agggas of

the head of the column C6-A is fed to a column C6-B, 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 ceclumn(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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{

which enters with the f eedi ng of col um 8- A Propyl ene oxi de synthesis
reaction 15 The filtered liquid reaction product |ea¥ihgdnverf2083i reactor
Rl is fed with l[ine (6) to the first distillation colum d from whose
head t he propyl ene oxi de produced and non-reacted propylene (7), in vapour
phase, angghpaomered, and fromthe bottom a liquid still

cont ai ni ng 0 hydrogen peroxide, fed to the reactor égﬁﬁgﬁgﬁﬁ%ltered
liquid reaction product |eaving the sec- ond reactor R2 is fed with |[ine
(9) to the second distilla- tion colum C2 from whose head the propyl ene
oxi de produce ﬁﬂgin -f.eact LQpylken 1 LB _Vapaur p e, are recov
25 ered, gﬁg ??%n1t e 3??3nf%%y%%§§iggsﬁpéa%%ng?O%t?ﬁF£bo%ﬁ vaenber
2005 WO O P [Me]l h er.ox| . fed_to the
react or R?.rgjéﬁgg'fi%ce%hgdgﬂjfég%q}%%%g? ?g%ypér/%{cf&%? riingaé?n% & g)%c- ond
react or deS fed with line (14) to the third distilla- tion colum C3 from
whose head the propyl ene oxi de produced 5 and non-reacted propyl ene (16),

0 vapour phase 36edea0%: 9180 noAftal LATHEC 0L e Al Al oot ream (15)

still con- tainin ydrogen per oxl f to'the reactor systemR4 (the

SYSLEMsRAEeERISed O e boRct oty RALLRCLE. A PhARTayssParator e and (uo

condensers in series vapour p eaving V4). The

Higuid reasthon o duchebaanings theysyshem R s caledofduthie Gakum O A

(18), the gaseous’ product vented he” at o re containing oxygen,

i - <) f i N 7 .. The dil i
n rogen 308436, OLELO300L e CERESEENLE] BULLDR (A coThe oWt
sol vent Tl;'rgal:'%'%&ﬁ%@ﬂclf:ol%”ﬁ%s&lh oi%%ﬂ/sg:ﬁ 4t %H&Rél%ﬁ‘g{yto'%‘l”t hydrogen

per oxi de and esse ally consisting o , water an -products, is

fed with Lijge,(d8). 10,30-Lbe, SALMSY sLegouery. Scbhon osialing In this

particul ar "casé of a serres atron colunns ter and

the regcti; nE%¥X#&%ﬁQ%E§F§g§)t%%§¥ﬂ%§ﬁharged fromthe bottomof C6 A At

the head o e~sol vent recovered and sent to the col um

\%; Eh Qlt OgESUtOfe/én%f whil €1 22,08 INis i%si:ﬁeagrg&-ags sot %ﬂeorbr(e'g‘l—) is fed,

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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4 Novenber 2005 WO 02/14297 PCT/EPO /09034 the nitrogenated conpounds
present in vapour phase. The head of the col um C6-8 woersbsti hgoof |1 ght
conmpounds (nethyl form ate, dimethoxynethane) present in the methanol at
the inlet of C6-A, at a concentration of 1-2% by weight 5 of nethanol, is

fed to t C6-C. The light concen- trated prod 23%0 by wei ght)
| eave thgﬁ%gggﬂﬁ? the col- um C6-C with the flushing¥§®®g%ﬁ?%%l) The

bot t om products - of col urms C6-B and C6-C when joined (19), formthe netha-
nol recycled to the synthesis reaction of hydrogen perox- 10 ide. Recovery

it DRI Bl el SR it 0 1

I Ca
vented pro S esi s Si's eacfed

propyl ene ropyl ene.oxi de and solvent; they are 15 fed, by neans of the
conpresso?mgﬂ? %%ﬁi%%?qﬁ P %4tion columm C4. The propyl ene i s separated

at the head of the . calum C4 together with t Inert _pro s (27) + (25).
The inert prd%ﬁ%t%%eéﬁl (5?'§P5% ne,ea%%gy%ser %F%#ﬁngt%§E%y9gcle

t oget her with sh. pr | en 5). TQ _pLre re. 0 ing an

accunul at ﬂg%a%&%eec% tca%%au%f%rﬁsi i Iﬁdhgnpéﬁﬁﬁ%%nﬁggg}gg rﬁs a part of the
stream.of propyl ene recycled to.the re- .actors, is fl 2 A stream
rich F% propyﬁ%ﬁé 6%F§é¥?2§faﬁgl?%c8§eF&&EEPS Fﬁglggtgggﬁg%étagjcolunn 4
and is fed_ to t urificati 25 i o f..pr.opyl i inthis
parti cul arargéséanggeﬂe‘l\log:éﬁ%g?e%OSasﬁ%hoZ%wg!epﬁlé&gl%lﬁg%gléi sting of a
distillatigon colum_ C5. (in two,sections). A ream.i.np_v ur phase (29)
still con#ﬁFﬁﬁ%@’trg?ggg%?shonpe¥%%%?bd B@BB?%%%@ aﬁggﬁ?%ggleng oxide is

of 5 the. Chiiregier RESEETt nEEum e 1 | TP SO ERH (61 OSontai m ng
propyl ene_oxide and solvent is extracted from _the bottom.of e colum. C5
and is seRt*BACK°Y %?ﬁ?@ﬁ?lﬁﬂﬂpo 5 1%§bfﬁbfpg%8%%§?ee!\B%ﬁ?n%géonnercial
purityoise x- 10 tracted fromthe columm C5 as a lateral cut (30).

Synt hesi s gaction of hydr ogen peroxi de

The preferred olefin is propylene. Propylene with a
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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The stream of distilled nethanol (19) comng fromthe propyl ene oxide
synthesis section is subdivided into two equal parté4:Ndvesmbstr2a® (33) goes
to the hydrogen peroxide 15 synthesis section, the stream (32) goes to
dilute the stream of hydrogen peroxide to 7% by wei ght, |eaving the
hydrogen pgh9xhse synthesis (49). A stream (35) of anp@qﬁgeMﬁmaolution of
HBr (halogen- ated pronoter) and a stream (36) of an aqueous sol ution of

20 H2SO4 (acid pronoter) are added to the stream (33); the punp Pl sends
the m xture obtained to the hydrogen perQxide synthesis reactor R5 at a

pressure qfy 400.hats, The sggraeg&?nﬁic&fb%a b hydigogy,; oxygen and

nit rogen, respec- tive sen neans of resso

2005 V0 03714307 BT/ %E@i%@%%ﬂ?@gtc Baieldy PRGE 21%’;%%?@?}?3%32? or
orod- et S pgr 88eng§ﬂ3¢%“ﬁr lggﬁﬁﬁf?@r (04,%9559{1%% et T 02 23557 cact f on
gases di ssphved ﬁltJ.Xi]:IQJQ 1éo%of1%d|: o£$ c{icsh12 dl?&ié’”@ne@hegé}l ow

pressure he "vapour ase ?eaV|n condensdt i feeds the

hoad & (48) PR ﬁo?ﬁ’%?*él’%%gcp”ft @Pﬁﬁiﬁ‘{’%ﬁé@% HHEEEE Cotom o
the col UW?n {u50nt a%mmgta£éc$;e%et%8fn%ﬁamt@@t Sorle3i A genL to a

bi ol ogi cal trea stem gases of e top ere renmoved

for analy§]$ﬁe ?S%HHFW%Q £W§E?%§?a%¥ierm§ é@@@rg&so sent to the flash

col umm FI i quid {ing consists of hydr ogen

per oxi de (7% Wi Ol )erolah T Al TRI UBOL: o % duS LA o thang@ 9gg to the

stream (32) com ng Iatlon Sec tion o contri butes

toth t 5 toth

or opyl ene "DaLBEC) s&%%%%ﬁg%ﬂ?%m% B 5 et RS B o ocess

d d ducti v-
'ty v A aeRE PR R Ak e By DS S M rotRod whi ch can

ggeregf: 'né ?gag%gg?%aa% adustpLa! lﬁcﬂaena%“ga\%ﬁ@ 5@&1%%%5 Biddrty of
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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The follow ng operative exanple is provided for illus- 25 trative purposes

and does not limt the scope of the inven 4 Novenber4 200md&r 0214297
PCT/ EPO1/ 09034 tion. EXAMPLE 1 The procedure is adopted according to
figure 1 to pro- duce propylene oxide starting from 5 - a stream deriving

froma sf@@/ﬁ@qcki ng plant consist- ing of 99.5% by ?@%@P&}@Q‘ﬁ@pr opyl ene

and 0. 059 I'ght of propane; a gaseous stream con dr ogen,
oxygen and ni trogen, characterized in that the concentration of hydrogen
10 is lower than. 4.5% by volunme and the concentration of oxy gen is |ower

th 21% b , th | t to 100 be- i Ni X ke-
me?ﬂanol ; Olﬁln\éghilﬂg&ﬁ)'r oﬁ%‘?gg%%%ﬁ?}‘g' ngh%%ef ?‘é;g]%cflrﬂlﬁtcraagggﬁﬁgla‘fg ggourr) and
hal ted Qqnot 6 k f liquid di f to th

et hano! | SLEbSHIAHER ad e, T6PReRS. £OBURHErT T RGSAE LONEFSL i of an

| ut] f NHADH, fed th ) f t h | t i nl et of
Fanc. 't or ScRibe. 28 BHIShEw ababih | TP LS OBt PRP- 2 pBoGt 2The 20
reaction m ty@%a value of 6.5 (present in the liquid streamin the
feeding t8"RI<R>-R3*in a concentration of 80 ppn); a reinforced gl ass

H-neter inserted i.n the.reaction stream i sed; a diluted solution
(F:)ont ai inlg sul"ftﬁ:ﬁn:,luﬁlci ﬁléb‘ﬁ%]d![tefo f%%go ﬁg}%ﬂofoéuﬂf%x@é&? W!Jtlh
respect t total stream4 Novenber 05 WO 02/,14297 PCT/ 1/ 09034
3oyt e b kel o R sPOLETT ol B T |4 ey D3

condi tions of the t hano] recycled to,R5. The titaniumsilicalite

cat a: ylst, CEF £HECt yife WE 'sc%%&d WW%P@EW&C‘?S}I.I%,SI 333—‘”?1 Ilfl_m?e%s present

inthe reac-,5 tors RL, R2 and R3 in,a.conceptration of 6% by weight with
espoct | ¢SSP SFTR Ot ZeRht 5y ORI HORS s hEL ARSI PoRAS | R pol | ot s

with an %ﬁ&l \s/i?r!PC allisree,Ofde]s'g?:/?Lbé& fnhagp%%q;shnpggflalllj{m 2 ’E&SC]E’%EGE OZSM—
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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guar ant ee exhaustion of the hydrogen peroxide.

cat al yst

liquid reaction ne- diumat 1% by wei ght

10 The het erogeneous

based on palladiumand platinumis kept in4dispeberondi®h the

in R5_ Table 1 enclosed (3 pages)

i ndi cates the bal ances and conposition of the single streans. 15 20 25 4

November
~000

Da OD N M Inp-co CANQC+i ol OLOVMV- NNO Op Lq LOOOOCD O

10

15

20

25

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
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
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-
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
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

any reactor suitable for operating in continuous 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.

_24_

rN N oCD 00p0Oco C) MC5 CGOOCD f4aADMT- Cr COo CD
O00 N 0 00O0pC! CIR-0000CD Cb Nerdmbee 2eoM rr~~0 C)
o] I




"' CDhCO
rr OQ

00)0C) ) pprOOCOCDMO 00 OMr CY)COO O M |
DOQr 00 0

t
00 nmri(6 20 OO0OO CON. OO0 4 WavembeOoFE0d

o0 0000 0OpPOODCOOOOOOCOC) NCD=(DDi 0000 0 GDOOO

10

15

20

25

WO 02/14297 PCT/EP01/09034

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 propvlene (16), in wvapour 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 C6 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 tile 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
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-
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
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—-
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

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 sclution containing sulfuriec acid (about 10-

50 mg/kg of sulfuric acid with respect to the total stream
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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.
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20

25

- 34 -



h NOOO OO0Cr fl
O pco Co. p CC -0 NA

OGO
00
ct3 fit NOONLOto O 07 MO '70C7 CJID wtl

00000 TNO

NCr GNOO VDO

wl,.

-+
o
=
=
=
=
£
=
[
(=
B

WO 02/14297

092 052 04 0091 00'v 0s'Z 0z’ oLl SINEEETE
09'6ZL 00'/8 2'68 08 pL- 00'0% 00°'6¢ 0£'48 00'G L~ aimesedwa]
001 _|Z'OLL | 0oL |2g9z¥| 00% | 0228k | 00k | Z'ezy | 00L | 2l2lL | OOL | Z'v92k (00 | Z'liev | 0OL | €T JLVY MO
oo'o | zoo 100 { €010 00°0| 0000 [08G9| S usBoyN

+OSZH

HOYHN

£00°0| SL0 L9 | L0 usbAxQ

¥LL | 26L Y00 | €6°L 000 | 000 vo0f 261 jolpuedosd Z°L
v2'8 | 806 |000 | 000 |20 | 806 000 | 000 lzo| 808 jouedoidAxouyiey
000 | 000 000 | 000 _ |ocoo| o0 {202H) apixoiad uaboipAH

Z0'06| 266 | 968'C |95°92L| 91'G | LL'GE2 g0'0| 640 |82 959zl |oL's| 952z |€L'0|€000 (OzH) 1=1em
000 ] 00 [£0'26{2ZFL¥ |85 V6 [80°G6ELF T9'LL| 00°00Z |€0°46| T8ELY [8G V6| SYELY |oF /2] 90 (HO®IW) Ioueyiain
000 | 000 |000 | LOOO LL¥2| 60'GLY 000| 00 000 | 000 {(Od) spixo susjidoid

000} 000 [s09| 0oz |esd | ¥B'8L auedold

000 | 000 |s6'¢h| L946E |¥9'6G|28'0Z0L susjAdolg

(56) [(uB) | (9%) [ (urBx) | (%) | (udx) | (a) | (wbs) | (o) | (wbs) | (o) | (ubs) | () | wbs) | (%) | (wbx) spueuodwos
¥z £ zZ LZ 0Z 61 8l 2l sweals

08l 00°€l 00'9L 00°9L 0091 00'9L 00°9}L 00'9L ainssaig
0998 00°08 0528 00°SE 00°GE 00'GE 00°6E 05'¥1- aimelsdws]
00} lz'8eg | 001 |5"659Z] OOL | €°802 | 00L | 66122 | 0L | 66122 | 00L | g'6chy | 0OL | 022 | 00L | 1gcv JLVY MO
00'0 | 000 | €00 | 20 po'o} 000 [000| o000 jooo| o000 |ooof ooo loool ooo joipuedosd 2'1
opo|ooo [T | g€ 000! 000 |000| 000 [000| 000 |000f 000 o000l 00O jouedoidAxolely
000|000 |2L0f T¢ po'e | 00008 [09¢€ | 0008 |09'C | 0000 000 000 |000/| 0000 |(2OzZH) apixoiad usboipAH
00’0 | 000 |81 | E1LL 6L ! 6204 |6LE| GL0L | BLE | O LEL 000 | 000 (OgH) 1818p
LOL{ 065 |92°22|0'8902 12691690z |12 €6 (9L'Bo0Z|LTe6(ieserr| 0oL | 022 jLo0 ) 000 (HO®W) loueyie
LEWZ|'8EL | €8'Y | ¥'821 : - (Od) epixo susjAdoiy
g0s | g9z |ooL | s'9z {050 | se0) G0'0 | 05'92 suedold
gzo9|zele |o6’LL| 2'8le (0566 £L02 S6'6 SO LY ausjAdoid
(%) (b)) | (o) | (uBs) | (o) | (wibs) | (o) | (B} | (%) | CurB) | (s6) | (uBst) | (%) | (WwBs) | (o) | (usbn) sjusuodwo)
L 8 g g v i g 4 sweang
V-1 eiqeL

.35



NWOcaNoC1toOhtoNas'-oco V' CUCOCM O
-0

0OCLO

o
S
Z
o
&
]
O
(g
W
2
@)
o
O
=
Z
o
8
N
o
3
O
U
[
o
o
o
o
—
Z
o
°

(0 t]

CC co nd c+) NWIthr
X0O00c 9 x CL

hd |

PCT/EPG1/09034

WO 02/14297

0o'ol 000k { 0001 22 0z'l a8'c oge g0°} 02 ainssald

00'0e go'oe | oooe 01’68 09°2€ 115574 05'vL- or'ee ol ainjeladwal

00L g} 00} 0oL oot | L9z oo | ookl | 00b | LpOs fo0L ] fzosk ook | ovbz | o0k | O'LE ALV MOTH

oooL{ gl na'o | ooooo I :amo;zﬁ

00'0% YOSTH

000l HOPHN

usbAxo

fopuedosd z*'1

000 | Q0o JouedosdAxoyapy

oo'o | oo'o {zozH) apixoiad uabolpAy

00'068 § 0008 0z000 | 000 | OLODD | WL'O | ZL0 280 | LD (OzH} 1218

0ZLOD | D00 | 02000 |OL'SE | 00°GF) 96°'le | 0'00Z {Hoel) loueyely

6666 | #1592 | 20°26 |0LEL'S0L | 8S'CL | BO'GIP 2LLL| eer {Od) apixo suapidaig

"oL000 | 920§ osezo | s00 | 620 | S0 | e BE'S | G80°1 suedolg

oso00 |22z | oieee | ee'0 | ooe |oeee | setzel 29°06 | 0000l aualidolg

(%) | (wb (%) (%) () | Wb 1) | W) | @) | e | (s | Wb | (s | (wBN) | (e4) | (Wb susuodwios

A’ ARG DE i 8z 12 92 52 Sweang

N} 1z og't 00°el 00°91 ool 00'gr 00'ck ¥e'L esmmen_—
ooot oz'e8 0828 00°05 00'08 05'v1~ 0008 00'05 0c'PR ainpraduia |,
00y | 5855 | oOL | 0Ziey | 0OL | Go%9p | 0OL | vMete | ook | Z82s | ooL | teer | ool | szoer | cor | g6s9z | ooL | ¢igiz J1VH MOTH
go'c oo | roo (! o0 Bl £0°0 Lo 000 00 £0°0 ¥ o0 | 40 £0C L0 torpuedond ')
000 00 ieo L6 8L0 L6 gL0 £e 00°0 00 §l'0 g9 o | t£E 510 e touedordAxouiety
000 0’0 Lo €0 o0 g0 g0 ze | o000 Q0 g0 4] Zia| 2e gi'o -4 {20zZH) apixoiad usBoipiy
w0 9.0 | oL | 09'6ZZ | 8% | 9GZz |ZzSs | £LLL | 000 ] 'zze | wezz [ elv | €tbL | 22e | €LLk (O2H) 1oy
Ll'oL | 006 |8S'v6 | BO'SELY | 62°G8 | L'SEOY |SP'e6 | OELOZ [I¥0L} 065 Sty6 | 0920V [9L/L| 08802 |Sv'¥6 | 0'Sl0Z {HOSW) [ouBLRN
€26 | o1 oo | 000 gLa oeg | o0 00 leve | vezl 00°0 Qo g8y | ¥'egL | 000 | 0000 (Od) epxo susjidoig
2o% | @9z | oo0 { 0000 | s50 @sZ | 000 0'0 e0'5 | $92 |s09 o050z | oo o0 00’ | $92 | 000 oo auedolq
0683 | v'0BE | 000 oo ge'g | vose | 000 o0 |sZoo| ZRie |seees|soiiv | oon o0 |eslL| Egle | ooo ] aus)fdold
() | (B | (o) | Wl | Ge) | (B | () | e | (e | wB)y | () | wl) | e | we | () | Wb Y e | (us sjusuodwog
gt Sl ¥l €l 2k 113 s 4] 5] swesng
&l elqeL

36



ab5a9 .r MOE"'"
-z 36 WD 02/ 14297 <@bOx
rn NE4 YOm

Gm
y 6 X

DEaaC

acoUQa. a-
O 00 4r0 Od o co

Wa>00 00 mo w,
E- -
rC7 M Lpl]wWV0 0 C

CLNZZi~

o
[5e]
=
=a)
e
i
=
m
]
[ &)
A

WO 02/14297

0oL 05l cocolt 00°001 00°001 ainssald

00'ne 00'0€ 00°0e 00ge 00°0E ainesadwa] |

0oL g'egky| 001 | 9'6eby | o0k | Z°Z082 | ool | ooor f oo | 2ie | oor | zies | oor | e'sssz | oob 00 00l | ¥662 FLvd MO
_ Z0°0 o0 $OSZH

ado 100 igH

coe | oooet | 09 | 009K | €69 | 0091 2.9 | oogl (20zH) opixoiad usBoipA
sl'e | osivl | ete | v | eee | z'eL [ovool | 0000 zee 474 (OzH) 181EM
1z'es | Lieelb | tzee | L'y | aoee | 0'B902 opo | so0 | 1Lie | t'es0z (Ho®) toueyiy
o0 0968 | 6'¢r {lice | ey | opt ger |ooes| ooo |veel | &ch usBoaN

oo SkpPL{ Z4 (€11 2L | LEO (43 oL'e 00’0 WL | 628l usbAxQ

00 g0 | 60 | s00 | o0 | co0 00 0e't 0o'Q 52'6 | 921 uabouphH

(%) | (B () | (uB) | (o) | Wb | ) | (B | o0 [ Wb | G | b | () e | () | (wo (%) | (wBx) sjusLodwon
¥ ZEH6Y 6v 8t gv 5t ¥ e b sligang
oL'g o'y 00°008 00°00k 0sg 082 oS 09'2 052 ainesald
oo'oe oo'oal- o0'0e 00°5E 00'cE Q0'6¢ 00'se 00'se oo'se ainesedula )
0oL 6'cy ool | &'z8L | oot 9'ZL G0} [ ogooz Joob | Le j ool | zz0 | ool | pzerz | oo | #zeiz | omk [ %3 LYY MO
z0'a 50 {ssvL | ovo POSZH

co'0 00 n2e | 100 JgH

00°0 (202H) epixclad usBoipAH

#L0 zoy |zose | Loz |oeos | 920 | 462 | szee | 482 | gzee {OzZH) Jerepn

¥2'66 | 1’6902 £0'26 | 808002 | eoz6 | sosooz |oorool| oov (HO2W) [ouEa Ny

00001 | &'ty usbonin
ooock | 6281 usbAxo

00°00L | 9EL ueboipAH

(54) {u/63%) (o) | (B | @) | B | (4 | (B | (e | wen | {w) |(ybp | (o) Wb | (s) | {(ub) (o) | (whx) sjusuodwon
I or 6¢ 5E 9g g¢ £e 53 LE swigens
O-l ||qelL

37




'raoOOOHDOOOdOGxDUrocVDCHQpOrp@(]p0000003600
comcor[A ONO X0 toONNNM nN _tMN 4(7 00 o O MtNotauférMePEN. XN ON O
QO Mti0 WNrOit] N M7 '

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:

5 (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

10 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:
15 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

20 the nitrogenated compounds present;
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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



- E;Z

b.

Cz
oM O

dEO
~r

J

wW ~ejr & c. todw MV W [+ Kt eNO £Sidverlern2@@® 0 et Y It
d COay d) 0 Wco @ gi Epr 610 NO 0 O rn

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;
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(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
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.

The process according to claim 1, wherein the catalyst
in step (a') contains palladium in a quantity 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.

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.

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

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._.




N 2 (0 muL 20 ;5- NCL COCQ COEI O Ninrn N(DNoOQamEm
omaUEci ) UQZ2 ~ x 2z LL - 0. 37 4 NovenbérNRegbe WX T 14297
PCT/ EPO1/ 09034 CLAIMS | _ An integrated process for the production in

conti nuous of epoxides by the direct oxidation of an olefin wth hydrogen

perOX|dede ﬁfﬁonprlses 5 (a) preparing an alcoholqughmgmﬂ% -al coholic
sol ution ydrogen peroxide in a concentration of over y weight,

using a gaseous stream cont ai ni ng hydrogen, oxygen and an inert gas, in
the presence of a binetallic catalyst based on palladi umand pl ati num as

10 active conp nts; ut e, al olic o hydr o- al cohol i c sol ution
of hydrogen per TG e S%Pé?ﬁ%déﬁwggtg %gqﬁféﬁﬁg with an olefin and a
the reactian TS GYATES 5 CaPaLPIT 60 %%fw‘ixéd?%%%‘%%ﬁtt?ﬁ%t B30n ai i ng
% SR v oo L 0 Lo e ot ol e
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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the reagent streans fec to the epoxidatinn reactor, in such a quantity as
to maintain the pH of the reaction mxture, neasured Novdebeop2iEt i ve.

conditions, at a value ranging from5.5 to 8; (c) treating the alcoholic
stream |eaving step (b) , after separation,o.f.the epoxide, in order to

el i m nat Qﬂ%gzg\“%%e ni trogenat ed conpounds present; - 3 Cf@f‘m’%‘%qber 2005 (d)

feeding t holic solvent obtained in (c) to ste . The process
according to claim1l, wherein in step (c) the treatnment of the alcoholic
streamis effected by distilling the solvent together with an aqueous or
di - 38a 4 Nov er 2005, WD 02/ ;lf%g? PCT/ EPOL/ 09034 | ut ed hydro-al coholic
sol uti on cont at hif¥yPEEI Kar?T SA&4°Pn a quantity of about 10-50 ng/ kg of

sul furic cid with respect to the total.stream or by treatin t he

di still edzgol W‘?‘??%ct?%rg&ngartﬁon%l,aﬁl ‘?’on?"ger%ﬁ} e@il%safi?dsul f onat ed

carbons. 3. The process according_to claiml wherein a part of the.

sol vent obt ai r%raﬁ)r}o CEcysi §effscg:§ SFOBi ?‘g??tr?d‘c[eﬁeca T’l&n]o%(ﬂ%ageﬁlﬁr

hydr o- al cohol i ¢_.sol #Liﬁ)n of hydrogen - _OXi ge | eavi.ng step (a) to the

val ue requi reoacttfgflgt o DYFOg5EX 4T i Th PieakfaChioniE Y Beess accor ding

to,claLm rein step (a) far the productjon _in _contipuous.qf -alcoholic

or hydro- igrwﬁtﬂ i REUS iadgrfgrgﬁnﬁyﬁf’oé:&ﬁlﬁe>§ki &“gEESﬁ%r%g%s?Cl feeding to

a reactor, containing a catalyst, hased, 15 on .pal | adi um and pl_ati num

het er ogeneous % tanseﬁ‘?‘)s{tﬁgr EirSJH Jrlﬁmégaﬁl(‘fuiaﬁla%a%qqﬂbr?sngaﬁum (i) a

liquid stream consi st ng {glf an al cohol or. an _ al cohal -wat.gg ?'Hégure with a
a

|
preval ent al coHBii%T EHTEPRERES: cBhtEiTi Hg AP Rt FHrSnste

hal ogenated 20 pr ter. (il) a gaseous stream contai ning hydrogen, oxygen
and an inert %%sﬁquﬁﬁ‘?&c?‘&r‘%%ed in that the concentration of hydrogen is

0 -
| over tha97f1. ST%ebyprVooc!,eusrge aacréz%rtdgrelgcct)g claim 26, wherein the acid

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-

.....43...



centration of oxygen is |lower than 210 by volune, the 25 conplenent to 100
being an inert gas; 4 Novenber 2005 WO 02/ 14297 PCT|E£RGVEOS6842¢1P )
renoving fromthe reactor: (iii) a liquid streamessentially consisting of
the stream (i) and also containing the hydrogen peroxide and water
produced yy o3 {}8;r €action, characterized in 5 that the ggﬂﬁﬁqb&@tlon of

hydr ogen peroxide is. higher than 3% by weight; and F a gaseous stream
essentially consisting of non-reacted hydrogen and oxygen and the inert
gas. 5. The process according to claim1, wherei:n the catalyst 10 in step

(a') contains pall -%H{igﬁ'iﬁglnhhﬁéﬁ a%% n fb@%@ﬁhQEA Pgl Wbﬁg wei ght and

platlnunlln a quan an atomc

ra- tio platinum aﬁ rqugég%%lﬁﬂhiﬁ§oo to 100/100. 15 5. The

process according a|n1 WheT e e Cca y? e Shvdrhe §- quantity of

pal I adi um rang%f%éé({ A%Osofingtavj\b%f{%lﬁy f‘%’%hg@l a‘pod go%qug)gtl Ig%g I atinum

rangi ng from Wthanatomc'ra tatfnum and

pal I'adi um rangj ng f{h%mc%gggl&fog%nflggjde A Lop THEPTS &%d{nb%cggﬁg' g to

claim5, whereinthe cata i8R I ati num
brocess ac?S?é?oﬁrg 5 B mfic“@ﬁee BT g% a“rf’“’“ng%LLS ‘i&ﬁﬁshﬁdi i
catal yst 4 Novemss t%aa%%%ﬁﬁg%?'&%ﬁ 09034 15 pr epar Eh“bty“e

pr c6i pi t ab? éEezf?]%}%f’oce%%”‘é%”g”&?n%”tg‘”alaﬁrﬁ? p?@%eersesr b5 G 8o ol aim o,

wherein the in es acﬁgﬂélﬁrabin kﬁgt%ga Ilca oﬁééﬂgr R0 silica

al um na, zeoli arBoran |va ed ta n PUHCFIOHa|IZEd

wth sulfonic ol Ivagéé %Eggggépgsﬁg%ggc Q&{q@ %8 fé@h%b%gﬁgﬂggreln t he

carrier IS an ac on se romthose o
10 34. The 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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10 or natural origin deriving fromwod, lignite, peat or coconut and
havi ng a surface area higher than 300 nR/g. 12. Thed proeebsrat®@rding to
claim1l, wherein the carrier is an activated carbon having a surface area
whi ch can 15 reach a value of 1400 nR/g. 13. The process according to
claim12, j-;n the carrier 1is an activated carbonpp rface area
hi gher tﬁgﬁ@ﬁ%@% n2/g. 14. The process according to cﬁg?%?%@?éﬁherein t he
acti- 20 vated carbon has a | ow ash content. 15. The process according to
claim4, wherein the catalyst 1is dispersed in the reaction nmediumat a

concentration _r.angin romo,1 to_ 10% ight .. 16. The process according
to claim15, v%%?ué%n %ﬁ% catvg%mﬁ% F@%?E%Qﬁagﬁgge&fedjﬁyﬁe?he arngg%:l i on nmedi um
at a concen 4 c\}/er'g)%r %995 WO 02/ 14297 PCT/ EPA /09034 tration ranging from
0.3 to 3% by wei g“ht. £7“The process according to claim4, wherein the

l'iquid sts.raean)ﬂg%) coocnsissta%cgf an_ al cohal. or, mﬁﬁégrlen hIJI}CJ -C4 _al cohols or

a m xture of said & conol wf%l%?teor el 45 Ancarconols C&6Htent hi gher

than 50% 18$. o] S cor di to claimly n, t ohol is
met hanol . 19. %e% OE%Z)S g%%olrn ng T o ctar'm ﬁ%,%\?\ﬁ%&e?dn Pﬁe%krﬁgxture is a
m xture of nethangal and fer cqntaini | east 10 7Q% h .. ght of

nmet hang)l . 20. ee(ﬁﬁlrgoggsgﬁ?ic%% < Oﬁg ?JSE%T Z#JT%S ,ln\%hgf%]?nﬁﬁes\g’ﬁggggen- at ed
pronoter is a e _of generati.ng. .hal n'aﬁ%' he I'iquid
reacti on nedi u?nﬁg%%%%ggﬁggggéesssf ré’c%S?dlé%mthgdtéLPlgi %ﬂ%ogda erﬂ i roltft he hal o-

15 genated proppter is selected.fromsubstanc capab]. af .0 rating
brom de ions sil]i(g:)eff’casga}'usyGCﬁ‘Llo"slc 5 '%nac?fcﬁessan"gila‘lg} géhseal eseds:'%ligub g ;%%%t he

reaction nediu uch as-_.al kal ine brom des., .22. The process according to
clai m 21, V\her%%ldnisctlﬁé‘ 8?01512 fél% fe"}seldguﬁy%i?o%l}eorﬁrgcgglgd. 23. The process

according 5,0 clgl %r%cevs@era%'cgr :Pneg WCSVim 4, wherein the gaseous

10 stream (iv) leaving the reactor is fed to ohe o 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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tration of the hal ogenated pronoter ranges fromO0.1 to 50 ng per kg of
solution. 24. The process according to claim23, wheéelovarbercofieen- 25
tration of the hal ogenated pronoter ranges from1l to 4 Novenber 2005 WO
02114297 PCTTEPO1/ 09034 10 ng per kg of solution. 25. The process accordi ng
to, clai ein the acid pronoter is selected frx%‘ﬂn? nces capabl e
of generﬁkgPlﬁgﬁ¢H hydrogen ions in the reaction nedium M@%&ﬁThe process
according to claim25, wherein the acid pronoter is selected from

i norgani ¢ acids such as sul- furic, phosphoric, nitric acid or organic

aci ds sucQ14 as, éﬂ fogi cssacic%s.rdﬂ. The_pr.ocess c%orgi t.0 %I airm 26,

wher ei n t he "aci L) %? omstEr |%n%uF? u?liaé“macﬂdw F Sﬁosgﬁ%ﬁeca étc?i d. 28. The
process according_to cl up1qﬁ_mgﬁre%n t he cqncen- tra%%on of aci.d pronoter
ranges fromO0 t9 ioﬁﬁa?go peT L TRE T8 T25 | LRG99 1N TRE pHEESs *Rcor ding to
cl aim 28, whergin the confcr:]et- 15 tration of ici.dhgrgémt er. ran%%g from10 to
500 ng per kg of €610t T'on. .reﬁ%§ Broces cCBr T ng T €M M4, wherein

in the gase- ous.stream (iiJ). the concentr.ation of hydrogen ranges from 2%
Lo 43 by vol unbIhd nenCOTERRETYT | BT T oy s e P Sores BP0 oa to 1806

by vol ure: ey Saupl e, L9 40 Belagspniger, dnspeelested from
LD rert asieas B eR RRa sty TUBBSRCRES ARG, (BT
(11 LD, OrY9et; o0, Re SURLLCL L0 85,c {0 THLELLS! LA o1 ooy,
OO O b PSR RGP LB g AL S 1 (e
33. The proces%iggyording to claim4, wherein the liquid
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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stream (iii) leaving the reactor has a concentration of hydrogen peroxide

ranging from4%to 10% by weight. 10 34. The process asoemdeng29@ cl ai m 4,
wherein the liquid stream (iii) is separated fromthe catal yst by neans
of filtration. 35. The process according to claim 34, wherein the filtra-

tion is Qﬂﬁ%ﬁﬁﬂwOUt using filters situated inside the ciRpliRd&GL O or
external 'y by nmeans of tangential filtra- tion. 36. Tﬁe process according

to claim4, wherein the gaseous stream (iv) |eaving the reactor, :
essentially consist- ing of non-reacted hydrogen and oxygen and the inert

20 gas, contains vol concenfration, of hydrqgen equal . tp or |ower than
2% and a voILnﬁ§Q§%95éﬁ#?gﬁﬁoﬁeéFkb%Q-“EﬂﬁfItﬁ&ﬁ££%¥%1al§ﬁPd§7g ?%e process
according to cJ.aim 36, wherei.n_the gaseoys stream (iv) |eaving.the
reactor, contaffs Be%| BREeD lé@né%ﬁ?ﬁ&#?%ﬁ 8f 8&5@eHXF %g?ﬁﬂ fromO0.5
to 1.5% by 4 Novenber 62005 02/ 14297 PCT/ EPOL/ 09034 vol une and a vol une
concentration %ﬁHTBSﬁﬁgﬁgraﬁ%%%b a?@cﬁnﬁ?%ﬁﬁcgzé% Ly balfom, €58685 accor di ng
to claim 4, erein the seous _stream (iv) |eavin he reactor is
Fooyched to t hehHidy oL H% natr GROTBNL ol PUF HPHCRE n RSP he. oyt em
t he frgction necessary for eli 'natigg tﬂs gya ti g_of i nert gas charged
in exc®ss wit PHIEPEdIRGTarfl FERCHUDT t 761 UESSHnd o2 used up in the

process. 39. The process accordi to, clai wher.ej n the eous 10
‘stream (iv) le iﬁ%epﬁggr %19ﬁ941 s 8§ %%@ o ﬁﬁrthe§£%§g§38ﬁt reactors
operating anal ogously to that de- scribed i | aim 4, after adding each
time & quant | ORI AFEGR eARIRE Ry R oBstn H1a CPYS bEGHIS 6 PRAt used  up
by the reaction which takes glape i.n the single re-, 15 actors. 40. The
process accor dPYE GSECHPES Whigialis? e SSEAEET GAPENINgr A §9P5ut at a

STPerature 1 angtg (ol 0o $0% s TheBoagss ARSghng,o ol alm
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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42. The process according to claim4, wherein the reaction 1is carried out
at a total pressure ranging from1l to 300 bars. 43.4 Theepbetred®accordi ng
to claim42, wherein the total 25 pressure ranges from40 to 150 bars. 4
Noverber 2005 WO 02/ 14297 PCTI EPO1/ 09034 44. The process according to claim
4, wher el reactor is a reactor suitable for opergat|] N continuous
and carpg?%ﬂﬁgﬂt the reaction in a triphasic systen1P§E@9@§P I'ng an

ef fective contact between gaseous phase, 5 liquid phase and the catal yst
kept in suspension. 45. The process according to claim44, wherein the
reactor is selected fromstirred reactors, hubhle reactors_or gas-lift
reactors with Friferod™Br CaxfeFnaPPtatbulat titsh heath 46 MRdVBRbcess
according to claim4, wherein the resi dence tipe of the liquid nmediumin
the reactor rdfyé&ds S0, 053 BBLhotifs o4 qthe thr JEEs FREESPRI ng t o
claim 46, wherein t resi- dence tinme of the |'iquid medium.n_the reactor
ranges 15 frd'd: 1[1330 20¢h 7 sPr%ﬁl.CtThé‘tpr‘bl?‘?es}émg%r dFFRFad e iR m 1,
wherein step (Q¥ f.or . the_production of epoxides cong%ises: (1% feeding the
liquid stream QIS EEBAVhg ofayately and £hati 6hateRd "Edhst88i ng of one
or nnrg reactgﬁf 20 contai ping the epoxjdation catal yst suspended in the
reaction solv dﬁ9§68tﬁ%¥°§&4?¥tqﬁ?QSPBFiHY‘P$Q9Q£;§1aﬁ§eF6§Fi 8hd a

buffering agent; (2) feeding the fjltered Iiquid product |eaving the
reaction unit ?9&“%@%'t@ﬁ%FQﬁiﬁ!&PFS#?%QP it consisting 25 of one or nore
stripping (flaﬁﬂ) colyms, one fQr each 4 Naovenper_ 2005 WD 02/ 14297

PCTI EPOLI 09034 Hed@e5in8f thRePrediet o Uit hea dbt aFiF &3 6RIBE at  t he
head essentiallé consisting of olefin oxide and_ non-reacted olefin and a

product at the df esQEhan FEY BTt RGOGECER Yeritre KEAST eact ed

hydrogen 5 peroxide, water.and reaction by-products;
y 9 ptors 0 a d&stillation column ¥4pto obtain a product,

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 H20; (4)
feedi ng tf@eiisxbure | eaving the deconposition unit Rpyergee@bishal |y

consi sting of solvent, oxygen and wa- ter, together with an itnert 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 |liquid phase

cons 118001 40l ookl Slor 0] CRRELLAD B BROUEL S d Sertgeding, Lhe

gaseous phase 0'a ¢co on Sys g of one or

or € Condenser]'_segﬁ;ln S hieglsceo (&r ntsrtll ng gcs%}és%re)fu OzIndt H:%er %iiec_l;\d#?il g%glsgent !

wher eas the non-condensa cormpoun Xygen and 1 n- gas With traces

of solvent) arg di. %gggédf$%g%ﬁgghg%ﬁ he, 59.yent Lﬁ%?éjts%iilﬁg"di stilla 4

condensati on sys- ten an qui d"phase Teavi ng

Novenber 2005 Ip%kﬁ%%g7cgggléwgg%g%QQEéné%ga ggﬂﬁggbﬁjigsf%g gbtain, at

t he head, the solvent —which,”’ rea s recycl the reaction

unit (a), and r.ogulc a he.bot t ssenti all consi.sting of reaction

wat er §nd thataac e&%glgd%%J?% T%cheab usﬁygg%goﬁs%gr 8)?#8%1} lr%%e fision by- product s

and traceg,of ol i i.s. disc ed,. ( i t duct at the

head of t%%'sttrrlfepﬁ:é%%tésg\gl{‘%%])%gt géegﬁ%ﬁn \%lgt'h_z%lﬁ%g%lgn pr%3 F}g g of the

reac- tors to feaq}ﬁfgl lttnééﬁ&%d Cqu "é% %115:%} %2}“?1 QFancriogcl)JCaE ’coqtgmgt the head,
acted o cle o th

consi sting of non-r ef1n, recy- e reactron unrt, and a

Pocding the prodde ‘A DB bobL SAPBI=Thectf sHde PO RlnkEeo o

f eedi ng the produdt “a € bo 1on u a

puri i cati on system,go Lo racoyer bhes dhJesi duaLaplefin pegygled to the
reaction unit, a1iq Gi phasepessen |§rfy consisting J% s&iven , recycled
to the,flash %%hHQH&S), and the olefin oxide with a comercial purity.

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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49. The process according to claim48, wherein in step (6) 20 the solvent
| eavi ng the condensation systemand the |iquid phasé Neawbry Fd0are fed to
the distillation colum C6-A together with a diluted aqueous or hydro-

al coholic solution containing sulfuric acid in a quan- tity of about 10-50
ng/ kg of i-c acid with re- 25 spect to the total 02114297
50. The d?ghggéﬁgccording to claim49, wherein the soﬁ@gﬁ?éﬂ$gﬁﬁing t he
condensati on systemand the liquid phase |eaving V4 are fed towards the
bottom of the distilla- tion colum C6-A, whereas the acid solution is fed
to 5 a height ua! to about 2/3 of the colum itself. 51. The process
according to c?a|n1£§, wherein the solvent |eaving the head of the colum
Co--Ais fed to a colum C6-B, in order to separate the |ight products at
the head, whereas the purifiied solRent is separated at the 10 bottom 52.
The process according to claikm 51, swherein the stream at the head of the
colum C6-B is sent to a distpklae tion colum C6-C, to recover, at the
bottom the sol- vent mﬁthoutllig products, recycled to the hydrogen 15
per oxi de -synt hesi s reaction, ‘and a concentrated stream of |ight products,
at the_head. 53. The procesBzaccordﬁhg to claim48, wherein in step (6)

t he sonent 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 c resingﬁ%?xuguﬁ?foﬁﬁtéﬁ %%%b%ﬂs%%§4§a?ﬁeoﬁrgégé%mgéﬁofﬁﬁng to claim
48, wherein th o 1836, tion_unij onsi.st s, of thﬁﬁ% R2 and:  R3.

55. The process~a or(%eﬁg % %#]%ﬁ rffilﬁﬁ%r%jr?ll n srggg‘tf%éfgl’{bﬁél olefinis
el ooty LT AReEe N ORRRL AL o e 2RO 0 QR4
dferent. cano b Nuhogenroal oLl {adiah, WAILLE Qltch (940 soarbor
10 to 10 carbon atoms, an 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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to 20 carbon atonms, a cyclo-alkyl radical wwth from6 10 to 10 carbon
atons, an al kylcyclo-alkyl radical with from?7 to 20 ¥ardhberalo®s. 56. The
process according to claim55, wherein in the com pounds having formula
(I'), the radicals RiIr R2, R3 and R4, can form in pairs, saturated or
unsaturaL&go%Lagﬁ 15 and can contain hal ogen atons, ”E%E&m:ﬂbﬁ4ile’ sul -
Tonic and relat1ve ester groups, carbonyl, hydroxyl, .car%oxy , thiol,

am ne and ether groups. 57. The process according to claimb55, wherein
olefins having forrmula (1) are: ethylene, propylene, allyl 20 chloride,
al kyl al cqhol , butenes, pentenes, hexenes, heptenes, octene-1, 1-tridecene,
mesityl oxiide, TF& PrYESRe Tt Ri% P ita TRy 0 MREXEHR e BIEOPEETc com
pounds such as norbornenes,  pinenes. igd The process according to claimb57,
wherei n the ol 8¢ P28 PEEHFHRA SVEF 4%Rovermber 2005 WO 02/ 14297

PCT/ EPO1/ 09034_59. The process_ _according,to claim 58, erein the propyl -
ene has a Puri t9° HTGPSE FBSREERT ﬁecggﬂﬁégk &%ﬁﬁ?a?n ¢ FTPEi'm 59,
wherein the propyl- ene . is _available as a streamfrom steam cracking-with
5 5 i ni mum pUPTE YL GRIADLRCSF it HERAR GG SEPAE SF2Cirgbaretand t ypi cal
C3 inpurities. 61, The process according to claima48, wherein the olefin
fed to>the realt oW tP i§&ésﬁ%'fF hrSP@??égergﬂﬁﬁféﬁaﬁ Bfefin or
their mxtures. 10 62. Th [ OCesS acco%gkn to claim®61l, wherein, before
en- tering thePTE&ES @Hduﬁ %Cclhéhf%l@%‘hr J@Ei‘n is purified in the

distillatign colum C4. 63. The, process accaording to, claim48, .wherein the
i qui d - stileantBs [ PYOTESS SECPBIbIERY B8 48: « BIREGH AtifoIdfE s 1 at i o

ol efin/H2O2 ranging from10:1 to 1:10. 64, The process according to claim
63, wherein thﬁg%‘?oarther 5??6t30‘?1bf‘%n&FH§8§53r%‘?fgé?§p FFSﬁ]PG‘?ﬁe o1FE" 65. The
process accordiqglto ;IaLn148, wherei,n the solvent used in the epoxidation
reaction consi SYSI&F C4RTAPCOT HPWoPIEF U RE%t ure of Cl-C4 al cohols or a

m xt ure of _sai
1% 62. ghe process according to claim 61, wherein, before 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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~alcohols wwth water wwth an al coholic content higher than 50% 66. The
process according to claim®65, wherein the al cohol #sNoednfrmmok00R5 67. The
process according to claim®65, wherein the mxture I 4 Novenber 2005 WO
02/ 1429%w&odt&£4U1/ 09034 1 0 15 is a m xture of methanol 34
containing at least 700 by weight of nmethanol. 68.' The process according
to claim48, wherein the buffer- ing agent is selected from amoni a,

anmoni um acetate, ammoniumform ate or a system consisting of a nitro-

ted b i i inN: i id 69.
genated base 9ck ansdbind N6 LAY A0, PTRDLE QLo s SLOR0L 0 20LH. 09
(rr): tion ca}‘@%y&% ‘g‘gi @pofplkl?%g Isei.ected fromtitanium silicalites with

an MFl structure itantum  Si A7i%%es with a MEL or internediate M/ MEL

struc- tuge- eolites containing titapi,um.and havi a EA

struct urgé Thgf%é:%e%éesa%c‘%?%?%%?% 9 a‘%rﬁ%'@,Eéme‘?’é?ﬁefﬂe{ggt%‘}fg%f is
selected fromtitaniumsilicalites havin en 4 Novenber 2005 WO 02/ 14297
PCTI EPOI / 09031 722981 25 S&??ét%- §2° 3 rFAERSIR oRFRLBERL to
0.04. The pracess accordin 1[_10 claim 70, wherein in the ti tanjum
silidalite, pAPYOTHFR p Ofﬁﬁg% Fufti € sHbsts® ufFeRs1istApIneialds BT ed from

boron, alumnum .r or gal- lium 72. The_ process according to claim1,
wherein the %R%frh%?? %ﬁé‘%saedsq]ﬂ: TS M B Lol ePTIPRIF 2% 1T cr o

spheres, extruded or other conveni ent physical forns.
organic acid.

69. The process according to claim 1, wherein the epoxida-
é 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 clain1l69, wherein the cata-
15 . lyst is selected from titanium-silicalites having gen-

eral formula (II):
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10 73. The process according to claim 72, wherein the cata 74. lyst can be
used in a conbination with a ligand (co- gel) or a carNoembsel 86bd from

silica,walgygiaa, sil- ica-alumna, zeolites or activategdc-¢aphRives4 Ne
process according to claim11, wherein the quantity of catalyst used in the

epoxi dation reaction ranges froml to 15% by weight with respect to the
reaction mxture. 75. The process according to claim 74, wherein the quan
tity of catalyst ranges from 4 xBi@H%dby)weiOght- with respect to the
reaction mxture. 76. The process according to claiml, wherein the

epoxi da- tiof"teaRIFoF FENESFr fEE 0t Oé’t‘)lagQCErﬁ)éMature ranging from 20 to
150C. 77. The_process according to claim76," wherein the tem .25 perature
‘ranges ffbom 4BREoPIOCESH AWPEHAT Z0D5CWDLD2/70429MePETCERDL/0993t1-78. The
process according to claim77, wherein the tem perature ranges from55 to
90C. 79. The i@ ssidécpliher t Dackaiod 34e Whdregiimnt Hes reedestionse®l and
R2 operate at a tenperature of 55-75C and 5 a pressure of 13 bars, and the
reactor R3 opdf drebads sglechpdr dnre lobrd0, 98Cuahdum, piessure: ofas-bars.
80. The 'process according to claim48, wherein the decom position
reaction of regimual hydrogen peroxide is carried out at a tenperature
ranging from80 to 90C, 10 with.a residence tinme ranging froml to 10

i nut es.7281. THise prraoness acoordimg to claim 80, wikekann Hrke sesitysence
time ranges from2 to 5.mnutes. 82. The process according to claim48,
wherein the carma-béysisedised ighd h€odec oFPOPdnddt," 63611805 0f Haskgual 15
hydr ogen peroxi de consist of nmetals of group VIII or their oxides. 83. The

process accosghegels) G:p8f0dEH hesehdrt BeneRAXbntdahi,QR cL8aAGIHHS are:
selected fromstirred reactors, bubble reactors, gas-lift reactors with
i nti@r nal730r The process according to claim 72, 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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20 external circulation or CSTR (Continuous Stirred Tank Reactors) or  PFR
(Plug Flow Reactors). 84. The process according to ctadianesdberwhéi®ei n t he
reac- tors Rl, R2, R3 are of the isotherm CSTR type. 85. The process

accor diwget/pngt ai m 48, wherein the decom 25 position rREGZERNM/ORBIconsi sts
of one or nore fixed bed 4 Novenber 2005 WO 02/ 14297 PCT/ EP01/ 09034 t ubul ar
reactors arranged in series. 86. The process according to claim48, wherein
the strip- ping colums operate under the same operating condi- tions and

di schargg, agnhbhghRads SiéCr@ing tBPtlatn PASewhesentd athy e¢ensi sting of
non-reacted olefin, olefin oxide, inert products and sol vent vapour. 87.

The process %Eg%qgggr%ggggafgbﬁ855m@grgbncthe tem perature at the bottom
of the distiTlation colum C4 does not exceed 80C, with residence tines in

the or - 730 dfe0forh U R A IierBr Qash 3QG 0kl ghal ReAB- whereln
the purifi- cation colum consists of two colums in series wth a high

nurber of plahes ARAARAPREALEErafk LiCa ReAferhBildudl va3pOsre shi |

present, at e boftom a I'quid stream contai ni ng solvent and ol efin

oxi de and, '%Oa/és%_%g'g'&?h%fl by “ibdaéédgg%g%cﬂ@éiféé PTr8l ghkRae¥isdatr having a

puritty > 99. € process ing to claim 48, wherein the conden-
sat op heal Lepaxgted et e HBageel: Lhe coLUIRLPe 5 SObaused to supply

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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