8 February 2005 (12) | NTERNATI ONAL APPLI CATI ON PUBLI SHEDy Hg@lg TiﬂésPATENT
COOPERATI ON TREATY (PCT) (19) World Intellectual Property O ganization

| nt er natwenahsByr eau (43) International Publication Date pcefglbdary 2002
(21.02.2002) PCT 301112 & Zanardo Mlano S.p.A. , Via Borgonuovo, 10,
1-20121 Mlan (IT). (81) Designated States (national): AE, AG AL, AM
AT, AU, (51) International Patent Cassification' : CO7D 303/04, (74)
Agents: DE GREGORI, Antonella et al.; Ing. Barzano (21) International

Appl i cation Nunber: PCT/EPO1/09076 (22) International Filing Date: 6 August
2001 (06.08.2001) (25) Filing Language: (26) Publication Language: English
English (30) Priority Data: ML2000A001884 11 August 2000 2000(11. 08.2000)
IT (71) Applicant (for all designated States except US): EN CHEM S. P. A
[I1T/IT]; Piazza Boldrini, 1, 1-20097 San Donato M| anese (IT).. (72)

I nventors; and (75) Inventors/Applicants (for US only): PAPARATTO

G useppe [IT/IT]; Via Vasari, 7, 1-20092 Cnisello Balsanmb-Mlan (IT).
FCRLI%\I Anna [IT/IT};, Via Costituzione, 12, 1-35010 Vigonza-Padova (IT).
DE ALZ BERTI, Gordano [IT/IT]; Largo Brianzoni 4, 1=21010 Besnate-Varese
(IT). DALOSIO Rno [IT/IT]; Via, Ronentino, 25/E, 1-?"8100 Novara (IT).
TEGON, Paolo [1T/IT]; Via Sabbiona, 271B, 1-30030 Oiago-Venezia (IT). _
(84) (10% | nt er nat i_onal_ Publ i cation Nunber WD 02/ 14299 Al AZ, BA, BB, BG
BR, BY ERATEL FENCEGS ERR BYE PREPABATIQN OR\OLEZINGXIEESES, F, GB,
&, GE, GH GMHRRU ID, IL, IN IS, JP, KE, KG KP, KR KZ, LC, LK_.
LR, LS, LT, L@heLVreWRntNDHVI@Bth@ rmatm tqvban N@tq@am FIOCEE, RO,
RU, SD, SE, SG SI, SK ‘
for the preparatlon in continuous of epoxides by the direct

10 oxidation of an olefin with hydrogen perexide.

More specifically, the present invention relates to an
integrated process for the preparatlion in _cbhfinuous of
propylene oxide consisting in the Qroduction of an'-alco—
holic or hydro-alicoholic sclution of hydrogen -iaeroﬁide by

15 the reaction between hydrogen and oxygen in the presenﬁ;e of
a bimetallic catalyst based on palladium or platinum as ac-
tive components, feeding said solution to an époxidatién
process o.f‘ propylene_in th\e presence of an- epdxidation
catalyst, and feeding the recycled alcohélic solvent leav-

20 ing the epoxidation plant, suitably pretreated, | to the hy-
drogen peroxide production plant. The process may co'mpris.e
a further step (e), in which the raw hydro-a‘lrcoholic mix—~
ture of the rflash colymn bhottom, ris used, .whé:ln ,'.nécessary,,
for diluting the alcoholic or hydro-alccholic solutio_n'.. of

25 'hydrogen peroxide obtained in step (a) to the value re-
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(a.) prepeningg .arfat ceRakpteor eppaiideal caholbe wobdt form dhehydrayen-
peroxide in a concentration of over 3 % by weight, using a gaseous stream
cont ab ni g day drogebycoiggercantrasa iiner tocdasied s shehpiaes endeyeaftea s
bimetallic catal yst based on palladium and platinumas active conponents;
(b) putt iong folre talec @hadpar00i dy dro-ialteaheldictee utdean iof thedrsogearheper oxi de
obtained in step (a) in contact with an olefin and a buffering agent, in
the presence of anlepedtdainconicans) yelasuspended senideandaciingn azol vent,
in order to obtain a reaction mxture containing the epoxide correspondi ng
to the olelddncrwater and al coholic solvent; (c) treating. the alcoholic
stream |l eaving step (h), after separation of the epoxide, in order to
elimnate theciikt-togenatensopossdadphesentsn (&n f esdhBeri A8 aczakol ic
solvent obtained in (c) to step (a). The process may conprise a further
stepy 4 e) Fowhened Nnphkhauawdy do - arephobhe x4l e (6h)t herd | BsBegolgHm
bottom is used, when necessary, for diluting the al coholic or :

hydr o- al ¢eReki=ges0lHtd 0m 0f by g oge N Rer oxhdes ehkaingd jifnisler i-to the
val ue required by the epoxidation plant.” The process operates under high
saf ety. Condiibhons dandyidh A AlebOVRr abdygell ichengy, In terms of
productivity and selectivity. 8 February 2005 WO 02/ 14299 PCT/ EPO /09076 5.
| NTEGRATED PRECESS FQR JRHE. PRERARNTLONOE 1 GLER M@ arsTh e, Ricesa!
invention relatesS to an integrated process for the preparation in

Cont | nuOyS B BROKIES ek & e Chropl) XL IBH B0oRLARA.L01 @) Wbl

hydr ogen per oxi de. re specitically, e present invention relates to an

|t o at o RLARESS | ALl IECRLERALALLD,T B OB RS, 2hpy RERRY EfiRXI do

consisting rn on of “an a
(PO} .
This process however has the following disadvantages:
- the production of high quantities of aqueous effluents
{40-60 Kg/kg of PO) containing sodium or calcium chlorides;
20 - the coproduction of chlorinated oxganic 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-

25 peroxides.



holic or hydro-al coholic solution of hydrogen peroxide b 7 action
bet ween hydrogen and oxygen in the presence of a bineta F%@“%Qﬁ%ﬁ%%tbased

on pal | agigig®:Qs9ep! ati num as ac- tive conponents, feeding ﬁ@ﬁﬂmﬁﬁﬁ&%ion to
an epoxi dati on process of propylene in the presence of an epoxidation

catal yst, and feeding the recycled al coholic solvent |eav- 20 ing the
epoxidation plant, suitably pretreated, to the hy drogen peroxide

production pl ght.. The ocess may_copprise._ a,furth st.ep..(€), in which
Phe raw hydr o HessnarT e Tises  (rdot RheTPrath B8l i Dottai | 908ed. “when
necessary,., for_diluting the al.coholic or_hydro-al coholic solution of 25
hydrogen'$@?%%?%ém%5?5?%ﬁﬁanO§tSBmPﬁfcfgltﬁ@tﬁﬁqf M FeHRRFY 9905, WO
02/ 14299 PCT/ EP01/ 09076 quired b¥ t he epaxi dation I%gt. &goxides, or

ol efi n 0iYesOhr EXHR dvBE eBTRAFER YCdh bBT uLFHor RYRECDREYATARi on of
a wde variety of co ounds- For_ exanpl e, epoxides_can be used for the
produc 5 997 Od*ucgqsyg%fg_,gcgnggné’gt?c&? torer2tealfl a®egoPe%erkCs or for
the preparation of internediates_used in the synthe- sis of polyurethane
foans? el"HSifs s thedal ¥iandeERKiPaRZepR odREEECPEHPRAAE t GRTIMEP T RS
adopted on an industrial scale 10 for the production of propylene oxide
(PO are daset of9 RHoHsge &/ iR D rhyR?4 n and processes via indirect
oxi - dation w th hydroperoxides as oxygen source. In particular; the '
comer ci al i zedbehP&ERRFRS © ridesss camraidnst-g Heaw g heli 5itloragyl ene
chl orohydrin (PCH) and 15 subsequent dehydrohal ogenati on of PCH to

propyl en@agtiage PO thehi seguesessfdowdter ahgls the f seEbarhgve co—

di sadvant ages: - the production of high quantities of aqueous effluents
(40- 60 K@teglustt sP@)s coatai niripisadi bad encedl cifinn chkonbdes; W2@n tie
coproduction of chlorinated organi c products which, depending on their
end- U8e, dememdunider gotsuerabbe MTER, - oldmindgdt ofesmesev] duwinildaalom
preferably use ter butyl hy- droperoxide and ethyl benzene hydroperoxi de as
hydro- 2%oder dsi tiégh,2 the economics of this process are competitive

with those of the process via chlorchydrin, othérwise these
processes are hot ec:onbmic. |
Other synthetic technigques for the iﬁdiréct oxi-
15 dation of propy_lene involve the use of hydroéen perqxide
_ and essentially consist in:
1) synthesis of hydrogen peroxide; and
2) its use in the _epoxid?tion. process of ;éropylene to
propylene oxide. | | |
- 20 Aqueous solutions of H;0; are typiéally obtained in-
dustrially by means of a complex two-step process. In this
process a solution of anthraguinone, such as 'b_utylani"l,_hrra—
' _quinone or ethylanthragquinone, inran organic.hedium immis—
cible with’ water, is first hydrogenated and then .oxidized

25 with air to produce Hy0; which is subsegquently extracted in



- 8 February 2005 WD 02/ 14299 PCT/ EP01/ 09076 These processgge&ﬁgaﬁg e
forrfmation of a higher quan- tity of co-products of commercral I'ntefest with

respect to PO. For exanple, the process via ter butyl hydroperoxide

co- pr oduW@224593 5 Kg of ter butyl al cohol per Kg of PO,PEI/GRPHE8E t hat

vi a et hyl benzene hydroperoxi de co-produces 2.2-2.5 Kg of styrene per Kg of

PO. The presence of these co-products can be of |ittle ad- vantage if the

request for PO and the respective co- products is not suitably bal anced.

For exanplmeontsenphaeel0 Temmngrboesst yienensroMEBEduebtizt n&def riviglt er

butyl alco- hol, is high, the econom cs of this process are conpetitive

with thosesals deeipriogestron ahehliorelydent, ddwrsnise fdessetiproresses are

not econom c. Qther synthetic techniques for the indirect oxi- 15 dation of -

pr opyl eneHenvedmel éke pisehedt ilbydnogen, pehexiteceanilttesedntsepdyatongi st i n:

1) synthesis of hydrogen peroxide; and 2) its use in the epoxidation

process 'z@fd prigmd=sine; tOFf ptePybeRprodides 2@nAgudeid doliutg oriss obxH202 are
typically obtained in- dustrially by neans of a conplex two-step process.

In this RRACESpIa$O) Ubhan i igitikkadidonei nsughaas nbuttHandbitia-a€ui none
or ethyl ant hraqui none; in an organic nmediuminms- cible with water, is

first hy genal edaiid drihenddiaed n5ydd h air to produce H202 which is
subsequently extracted in 3 8 February 2Q05 WD 02/ 14299 PCT/ EP01/ 09076

aqueous phasea T QkeSISod StORCERESpabauLS ibhe ¥ Hydas§sn destykng from
the investnent necessary for setting up the conplex production unit, the

necessi tﬁ_d%; SapAAd NG AN i UG i N8 hPL Sdielis Senpsgbee-during

the oxi 5 tion phase, and purifying and reintegrating the anthra- quinone

sol uti on Bgkdr 8rld Sidtrfn A1SACORDITEINO S [071 L1, Priogligss 0se0f dydr ogen
perox- ide conprises the use of secondary alcohols such as isopro- panol
and &t hwi%%a%liﬁli%%hcgecgolﬂ%azfy' Shborids Herd s @rﬁ methanol (US
4,303,632) with oxygen.
These known processes, however, substanfially suffer
from disadvantages deriving from the necessity of-opérating
at high reaction temperatures (generally ranging ifrcm 100
15 to 180°C), the partial oxidation of the ketone which is
- formed as main co-product, the necessity of using a hydroF
gen peroxide'stabilizer {orthophosphoric acid or sodium py-
rophosphate) . s
Furthérmore, these processes are complicated by the
20 necessity of separating 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-
ide, which seems atfradtive from a technical and econbmic

25 point of view, 'is based on the direct synthesis of hydrogen



10 hi gh-boiling secondary al cohols such as dl-aryl met happl, (US 303, 632)
w th oxygen. These known processes, however, substantiaﬁ?&e@&?pé¥ﬁsfrom

di sadvaniapesi4eeri ving fromthe necessity of operating - agchipbygefRcti on
tenperatures (generally ranging from 100 15 to 180C), the partial oxidation

of the ketone which is forned as main co-product, the necessity of using a
hydro- gen peroxide stabilizer (orthophosphoric acid or sodium py-

rophosphat.e),. sy thefmf e anhihese processes are conplicated by the 20
necessity of separating ang recovering the ketone and by= products fromthe

reaction Xt i helol g dSIdg dhe i 09N aneLexige s 20ldiidiat i dba.

subsequent epoxidation proces met hod tfor the production of

hydr ogen ergte (512 WA SRV ALAS e oA ot cale aneponom ¢

25 point 70 I s based on synthesis of hydrogen 4 8 February

2005 VD 02114298, PCTEROI 0906, per 9%] dq,{ oM Heo20d 02 . These i ogesses

general | y use®a ti'c sSystemcon-"sisting of "a nobl e” netal,

particul arl tals o he plati- num gr t hei i xtures, i e form
of sa tssblP%’é’%adsulﬁﬁg?i%ﬂ ﬁgt arcg~ lfggeg}égi %E]"’Ot %ga%em% j)(j(]aseas sl%i‘?aelg(;l vent
consi sting of, gg]aque us_nedi um or _an..agueous- or an%%dg;-%¥lﬁg 'Qﬁ;

i ndust ri &PPEIGOTIRT of 't RESECHP o ERERE 1oheflr LSO ovad Ao De i f fi cul t
for the fqllowi ng reasons: 10 A) the use of mxtures of H2 and 0- in '
concent r&i%hs fal- ling within the explosivity range, as the mxture
beconmes expl osive, when the concentration xceeds a value which, in

f H2
relation to tA&%rkRddFertmt eBReEARFRL o’f:]!;%ﬁ?e PYRFFES S ISt 0 6% by

vol ume; 15 B) even when operating outsi th l.osivity range of H2- 02
i xt ur es REEH@TRFE DI hikh %&%&ﬂ%rtat %S‘Leftﬁ %ﬁ?@“%%ﬁﬁgﬁ%%nm e and has
alimted conpatibility with the. presence of flammable aorganic_sol vent
medi 10 20) thfe ¥R Ph PASTRESE! PO HredlEmf 1M GRRSHICHR TR DNSE0f 20

pronoters, for exanple acid pronoters, hal ogenated products and/or other
addi ti vesd inygakesthie gagaﬁypﬂ@sgygﬁgmqﬁnq%Knas the mixture becomes

explosive when the concentration of H: exceéds a value
which, in relation tc the pressure.and concentration of Oz,
varies from 4.5 to 6% by volume;

15 B) even when operating outside the explosivity'range_of Ho—
0, mixtures, the use'of high concentrations of 0O; is iisky
to handle and has a limited compatibility with the presence
of flammable orgahic solvent mediums;

C) the use in the reaétion m;dium of high concentrations of

20 promoters, for example acid promoters, halogenated products_
and/or other additives, makes the catalytic system 6! Hﬁb
solution unstable. This makes it necessary to add stabiliz-
ers, with onerous purification operations,Ofithe.Hﬁh solu-
tion before.its use;

25 D) low productivity and selectivity cof the reaction and the



solution unstable. This nmakes it necessary to add stabiljg: orAkt h
onerous purification operations of the H2Q2 solu- tion bée 8?@551250%%; 25
D) low productivity and selectivity of the reaction and the 8 February
206 WO ¥ 44H8Y pCT/ EPO1/ 09076 production of H202 sol uti BRYERRV@AT6r e t 00
dilute for eco- nomc industrial exploitation; E) poor stability of the
catal ytic systemunder the reac- tion conditions 5 Patent application
EP-812836, for exanple, describes a process for the preparation of

propy| enprodudd v off diu®: sicdudioms edeidhEhy diegedidnd oxBrgeeFert he
presence of a catalytic system based on supported palladium in a hydro-
al cohol | omadi dmdarstnisiingeieihadrissrad cohol ic m xture of 10 hydrogen

per oxi de thus obtained in the epoxidation process. The illustrative
exanpl es Eof gdus sioshikintydedcrtihee cdtel priclusysbamoianidedr oshed codtT
solutions containing H02 in concentrations ranging fromO0.15 to 0.39% by
wei ght . s dnng-driliseicad Ut i ons in the subsequent epoxidation reaction, 15
after 1 hour, hydrogen peroxi de conversions equal to 99% and 65%
respestivel y, rarenbtaipladatiicnh Fp-s28346,vifor taxqmpy) edesoxiloes rangi ng
from70%to 95% i.e. with a maxi- mumyield to PO of .70a% This process
does not p3eRIBd0 Her ofhkngusbeirakion e5f R2Pogglehor okheel otiimii ngomeasons
A) The use, in the reaction nediumfor the production of hydrogen '
per oxi de gi@ft iigh woneed ay@nsgeh ahamekegsn fiar theeargienaeicaf a
pronoters, hal ogenated products and/or other additives, makes it necessary

to add censidenabl es%stamibgée&i@ﬁ afippeuteal baensdiehgr ein ts WeerdA the
subsequent ep 6 8 February 2005 WO 02?14299 PCT/ EPO1/ 09076 oxi dati on

process; Bl-caranal Ind @WPr 8RES HGQRF el & ahiyaRo-R1odusl i tisafitke of
selectivity. This requires the use of high reaction volunmes in both steps

of tfig | RLRGAEI JUREESRE thild JHQOUEd Oh Gind dP&hi L £ E8M Pfovass e
products to be :

The illustrative examples of this document describe
the production of hydro—-alccoholic solutions containing Hz0:
in concentrations ranging from 0.15 to 0.39% by weight. Us-—
ing these solutions in the subsequent epoxidation reaction,

15 after 1 hour, hydrogen perdxide conversions equal to 99%
. and 65% respectively, are obtained, with a selectivity to

propylene oxide ranging from 70% to 95%, i.e. with a maxi-

mum yield to PO of 70%. .

This process does not seem to be of industrial inter-

20 est for the following reasons:
A) The uée, in the reaction medium for.the p:oductiqn of
hydrogen peroxide, of high concentrations of promoters, for
.example acid promoters, halogenated products and/or other
additives, makes it necessary to add considerable quahti—

25 ties of neutralizers before its use in the subsequent ep-



di sposed of in the epoxidation process; D) The use of di
hydr o- al cohol i ¢ sol uti ons of hydro- gen peroxide |an|eséF§gﬂﬁw&g8§tlon of

a streamy@fo@lse@ holic distillate whose entity makes thep@fRpARSefsat her un
10 econom c. The Applicant has now found that by using a well de- fined
group of nmetallic catalysts and operating conditions in the initial
reaction between hydrogen and oxygen, by suitably treating the recycled

al cohol i VA .15 the epoxidation plant before.being fed to the
hydrogengﬁé?-%%gﬁhé ré%gztlon pl ant, and by u5|ng the raw hydro- al coholic

m xture th%vfe q{c%g} 12&%8&“ JRILASCAS Bc‘ﬂ':.kz!itt‘g (ﬁ'.r?dto t he

hydr o- aIc lic s i on Fogen perOX| e o ta I'n"ste

it éﬁ%ﬁ'.icdcl o b e aibants 41 g gt 200 U SRR

."ﬁ&éhf?éﬁr %%%Cﬁﬁ?%&@iﬁfﬂé%%‘%ﬁe Foddfita: zgf-t?idﬁite?ﬁﬂti " vaste
Vol urte. of YSol VEREMLS B df ot Pl PR 1 ?ﬁ%%’é% B tivion PERESRSR dehdts i gn
?LZ?HLEV S Shigh sy ap%f?qerfip“% rﬁ‘% 'eSSi déid“fﬁ' oo T o

t he present ntlon here is. provi ntegr roce r the
product i &H i n tqsr'?uélé q%ir djt‘?f@‘ JrCec“’EO Jo‘grﬁ O%Eg?y‘g ol efin
wi t h hydrogen peroxi de mhlch conpri ses: § pre aring an al coholic or :
hydr o- aISﬁﬁblP%r%%+%?l6ﬂpoﬁeﬁydﬁﬁbeﬂrﬁ@F6 FoR PfF £ cBhE8ARr &5 M-CYT over
3% by wei ght, using a gaseous stream containing hydrogen, oxygen and an
inert ga®olilf QWﬁ?%ﬁkﬁﬁﬁuﬁpQﬁeaﬁBFﬁﬁﬁamﬁkéscigﬁl§§PQﬁﬁﬁxF%ﬁF%%PPédlun1and
plati num as active conponents; (b) putting the alcoholic or hydro-alcoholic

sol Wt9 onegPrgyHiCogen peroxide obtained in step (a)-in contact with an
olefin and a buffering agent, in the presence of an epoxidation catalyst
suspended in e e i s ohaennowi fosmderthad obY alfiAdr @adtedn Xt ure
contai ning the epoxide corresponding to the olefin, water and the

al cohol i €igeld/ertouy ) L trebalhyct ketalysihs e toreeara ide i aoRdt e o) |
after separation of the epoxide, in order to elininate the nitrogenated
conpoundsnprébenupxﬁnaﬁeedanglohehﬁﬁwﬂ&nlbygobﬁém:Qmﬂapﬁa@ﬁmn(by to

step 8 8 February 2005
: sultably treating the recycled alcoholic solvent leaving

15 the epoxidation plant before being fed to the hydrogen per—
oxide productiOn plant, and by using the raw hydro-
alcoholic,mixturo of the flash column bottom, when heces-—
sary, to dilute {jua hydro-alcohelic solution cof hydrogen
peroxide obtained in otep (é) to the value requiﬁed by the

_20- epoxidation plant, an overall high process efficiency is
_obtained in terms of productivity and selectivityfl

.In particular, when operatipg according to the process

- of the present invention, the following advantages are ob—

tained:

25 = reduction in waste products in the epoxidation plant;



WO 02/ 14299 (a PCT/ EP01/ 09076 The process may conprise a further step (e),
wherein the raw hydro-al coholic m xture of the flash colum bottom is
used, when necessary, for diluting the hydro-alcoholic 5 sodpid8yPoos
hydr ogen peroxi de obtained in step (a) to the value required by thé

epoxi dation plant. This advanta- geously allows a reduction in the vol une
of solvent to be distilled in the epoxidation reaction plant. The process
for the preparation of epoxides according 10 to the present invention can
be descri befedugtiereindhe velame of solyesido be distlled im thesapoxidefion temetiqirplardss for t he
synthesis of epoxides conprises: (a) feeding to a reactor, containing a
cat al yst bad$igh stavility of tha chtalysisrisad i Be e raastionset er ogeneous and kept in

di sper- sion in a liquid reaction medium (i) a liquid stream consisting of
an al cohol é&dugtiorainthe eastionelémesyi xture with a preval ent al coholic
content, containing an acid pronoter and a hal ogenated pronoter. 20 (ii) a
gaseous st r Bigmdegreeaf murity dijlerengeides.oxygen and an inert gas, characterized
in that the concentration of hydrogen is |ower than 4.5% by volune and the
concent r at i Ghonefspeey geihe Rrepenidiventern thargis pravidednan integsated mpoasse fer the

100 being an inert gas; 25 (b) renoving. fromthe reactor: 8 February 2005
WD 02/ prralygtiqud/ceriinyogs 0F epgxideis)bydhe digeat @xidetieme anselefin wilh hydreaers perokidg of
the stream (i) and also containing the hydrogen peroxide and water

pr oduc&ighcontpeEsestact i on, characterized in that the concentration of
hydrogen peroxide is higher than 3% by 5 weight; and (iv) a gaseous stream
essent (& Piepating R \Biqeholist omiareiro-glealalie sohwion of Bydragen psipgida imadcanhentrationt
gas. The reactor used can be any reactor suitable for oper- ating in

cont i n@bever b weiaht tking atdrseeusaditcaB T cantairing hydrogen, whygsircarshan isatt gashnas
that described, obtaining an effec tive contact between the gaseous phase,

| i qui dihshrigeengp@f a bimetallic catalyst based on paltadium and platinum as active components;

(b) putting the alcoholic or hydro-alcoholic solution of hydrogen peroxide obtained in step (a) 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
corresponding to the olefin, water and the alcoholic solvent;

(c) treating the alcoholic stream leaving step (b), after separation of the_ epoxide, in order to
eliminate the nitrogenated compounds present;

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



catal yst kept in dispersion (so-called slurry systen). FQ!: br%fy’%o%,
w L ROADETNal or

stirred reactors, bubble reactors, gas-lift reac- tors

ext er nal \ﬁﬁ,g/ J,§ i on, such as those 15 described in the Shel pBlodoe art,
are suitable tor the purpose. The reactor is maintained under appropriate

tenpera- ture and pressure conditions. According to the process, ob- ject
of the invention, the tenperature normally ranges from20 -10C to 60C,
preferablel fromOC to 40C. The pressure normally ranges from1 to 300
bars, pre 8e’r'ably from40 to 150 bars. The residence tine of the |liquid
mediumin the reactor normally ranges from0.05 to 5 hours, efetably
from0.10 25 Y%F 2PRBEFES FEYWSTH o= 8 LEEHPREr ¢ F0a © PeTh REBS 9076
The catal yst which can be used, for the purposes the inventi is a

het er ogeﬁ'éb%sr%‘ét%ﬂf@%‘?"%%?ﬁ%?H?lgmb}élﬁlﬁ i‘EIEn El&ﬁd%?ﬁgi HH:HHH)% %819?9]3’
conponents. In these catalysts, the palladiumis nornally present. .5 in a
quant ity ¥angFRe- f PSRN0 1SEFE Ty heiF gl ad et ‘E)Fgﬁ’fi%@ﬁiaiﬁogoaﬁgnti ty
ranging fromO0.01 to 1% by weight, wth an atonic ratio between Lati num
and pal | itk FemgPiighVEresel 50T A% A 0PRBRL N Ae 1pal &R uift) st‘brg &rably
present in a quantity- 10 ranging fromO0.4 to 2% by wei ght and the platinum
in a quamley magived rbm othe tePexEde biohei RNt wi tHhisn aH8A1 E2ratio
bet ween pl ati num and pal | adi um ranging from 1/200 to 20/100. In addition
to pal | adiesmaky plaevaum redvertiest iz Bre ¥9lgmsuPigelwint Btoshen as,
for exanple, ruthenium rhodium iridiumand gold, can be present as
active cahpenehtedoin prenepexsdathon teackheraPleRtgeneral |y not higher
than that of the palladium The catal yst can be prepared by dispersing the
active 20 corfffomeptscess afioknghe caranaraibiomeahseppxpdesi prearidhr%and/ or

i npregnation starting from precursors consisting, for exanple, of

sol uttbonst@ftithepresaht simvesolobl eagohe described-in detail as fol-

loﬁs.

In the fifst step, the process for the synthesis of
epoxides comprises: |
(a) feeding to é reactor, containing a.catalystrbased on

15 palladium and platinum, heterogeneous and kept in disper—
sion in a liquid reaction medium:

{i) a liguid stream consisting of an alcohol or an al-
cohol-water mixture with % prevalent alcoholic content, -
containing an acid promoter,and a halogeﬁated promoter.

20 (ii) a gaseous stream containing hydrogen, oxygen and
an inert gas, Characterized in that the concentration bf
hydrogen is lower than 4.5% by vqlume and the boncentrétion
of oxygen is lower than 21% by volume, the bomplement to
1060 béing an inert gas; |

25 {b) removing from the reactor:



pl exes, and therein reduced to the netal state by neans E .rtheré@ and/ or
chem cal treatnent with reducing substances 25 such as hg ?%SSW, gdi um

form ate % citrate by nmeans 11 8 February 2005 WO 02/.. )

PCT/ EPOleg %(E‘ preparative techniques well known in thééé’ﬁ?@"%?“ t he
art. The inert carrier may typically consist of silica, alumna,
silica-alumna, zeolites, activated carbon, and 5 other materials well

known in the state of .the. art. Acti- vated .carbon is prefierred.f he
prepar at i Gn-3df t he Bcatadyuft tétﬁgﬁlflulesfsoerndﬁ]f?gl%blﬁvgﬁﬁs&ﬁ K& i Vh gEahécar bons

whi ch can be used for the jnvention, are |l ected fromthose ,of fossil or
natural GHERFF det) vanfy 3h3P f 6PREREHPPE %ﬁ’cﬁn%‘gﬁ?g??gﬁetré),}ubif a%

at™ o
coconut and having_a surface_area higher than 300 n/ g and ich can reach’
1400 n2/ g'aisf paridecear bvhdde h%%%‘@l%su?#l%%dé%ézgﬂi &ﬁ’e%l}aﬁ:an‘g%%o n g.
Preferred activated carbons are those with a | ow ash, 15 content. .The
sul f onat eEPTRAT VR E aPBo Y Herdet hBGTPF1Afal 32nDigheENt ERFHI PfatPHn M
98A01843. can be used for the purpose. Before the supporting or inpregnation

of the metedlght: @mel activated carbon can be subjected to treatnment such as
20 washing with distilled water or treatnment with acids, bases or diluted
oxi di zi ng{iagent s, farJesanpse sfewant eeserthylldr 6eRFAETANGCIAE RYAT um
carbonate and hydrogen peroxide. The catalyst is normally suspended in the-
react i on meciidihwiregeoreehtoayyen armdgiig IRt 09385t 0 10% by wei ght, 25
preferably from0.3 to 3% by weight. 12 8 February 2005 WO 02/ 14299 -
PCT/ EP01/ 0907@LEherddafnm stedarait i he cursivtacodr agrbiaiohel foFr @Pafx- ture
of C1-C4 alcohols or a mxture of said alcohols with. water with a
pr eval enta@lrephint | conbnhertis And xtenduat ito ather seakcéapnaligohwl ¥€itont ent
refers to a mxture containing 5 over 50% by wei ght of al cohol or m xture
of algoohamsiAnongstem such as that described, oblfaining anreffec~
tive contact between the gaseous phase, liquid phase and
catalyst kept in dispersion (so-called slurry system}. For
example, stirred reactors, bubble reactors, gas-1lift reac-
tors with internal or external circulation, such as those
15 described in the state of the art, are suitable fot the
- purpose.
The reactor is maintained under appropriate tempera-
ture and pressure conditions. According to the process, ob—
_ | |
ject of the invention, the temperature normally ranges from
20 -10°C to 60°C, preferably from 0°C to 40°C. The pressure
normally ranges from 1 to 300 bars, preferably from 40 to
150 bars.
The residence time of the liquid medium in the reactor

normally ranges from 0.05 to 5 hours, preferably from 0.10

25 to 2 hours.
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Cl-Ca al cohols, nethanol is preferred for the purposes ' ntion.
Among preferred mxtures is a mxture of nethanol and %F%‘?’nggrﬁbégm ng at
| east 7806 by1izee ght of methanol. 10 The |iquid stream alFa/EROmNgI76S an
acid pronoter and a hal ogenated pronoter. The acid pronoter can be any
subst ance capable of gen- erating H+ hydrogen ions in the reaction |iquid
mediumand is generally selected frominorganic acids such as sulfu 15

ric, phosphoripfe JHtdiFs@aGiKi@& d40MONngesd cfaci thespabpasessakf bhec aci ds.
Sul furic acid and phosphoric acid are preferred. The concentration of .the

aci d gef!i]%r@éﬂﬁ&a@ng@saf FQPeQoy@ntl0® dHraNefsikgcohthifuhg padiumiand
preferably from10 to 500 ng 20 per kg of liquid nmedium The hal ogenated

pr onot er an gns@sg@f@@ cepRbbSen®es. generating halide ions in the
reacti onarf?}ullbfgc medi um Subs?ances capabl e of generating bromi de ions .are

pre- ferred. [ihese, subslanegs:ar e caenrAllnisal ecs edothom by gresahibr o ¢

acid and its salfts soluble in the reaction medium 13 s.:-e 8 February 2005

WO 02/ 14299_PCT/.ERQL/ 09 : DA 358 8 Febru 00
pre: ?er%-rueagl.g#%g Qgﬁggﬁheﬁ%ﬁ) 52 k‘fé' Ae hremdegnthyskobrasi c aci

bei n con ation of hal ogenated pronoter genérally

ranges fr]garenfrj{)rkuén E)?nisgq c?%ﬁgel%n%ognéuielg%l gd.ardigupiand, pfef nySwerabky from 1:

to 10 mf aseous stream (ii) at the inlet’

. ! (D) 8t the Tnlet
o o oAl SEOOEALT O0c 0 DYELOGENpPLLRSR LAANpda 3 U1t QoiRngnd

OXYQgeén 0 ess y Vo the conplenment to 100

bei ng an_i nert . Whi Is~generally 10 selected fromnitrogen, helium -
ar gon. S%W)mg]a/s&?@ B?e#é?éﬁ%ry nitrogen. In the gaseous stream (ii) the

Che con- centit | SF A he Sor BF R EHFY P arbEs Fhbm b6t Fotety 15
volyge - Jhe, X980, a0, Pe2UPPLT 89 1928 SHLARESAG A in &
quantity ranging from 0.02 to 0.5% by wéight, with an
atomic ratio between platinum and palladiﬁm_raﬁging from
1/200 to 20/100.
In addition to palladium and platinum, other metals of
15 group VIII or IB, such as, for example, ruthenium, rhodium,
iridium and gold, can be present as active compqnenté ox
-promoters, in a concentration genérally'rnot higher than
that of the palladium.
The cétalyst éan-be pré%ared by dispersing the active
20 components on an inert carrier by means of precip_itation
and/or impregnation starting from precursors consisting,
for example, of soiutions of their salts or soluble com-
- plexes, and therein reduced to the metal state by-meaﬁs of

thermal and/or chemical treatment With reducing'substances

25 such as hydrogen, sodium formiate, sodium citrate by means

11



or substantially pure oxygen, or enriched air, as raw ne§gg,lLa3lonos o
containing for exanple from21 to 90% of oxygen or air, Re-g nposi ti on of
the stream then being brought to 20 the desired val ues, defined above, by
the addiVPd¥'$4?a suitable concentration of inert gas. THIERWQEPT6st r eam
(iti) leaving the reactor nornmally has a concentration of hydrogen
peroxi de of over 3% by weight and, preferably from4%to 10% by weight. It
al so 25 contains. the acid pronoter and hal ogenated pronoter in 14 8

" Febr uar yo20p5epOreziv42 9ice CIOTI @R / BOdI6 ket | inedhequEiat® ehod¥echar ged

with the liquid stream fed and water in a quantity equal to that charged
wth theartliquid streamfed together with the water obtained as reac- tion
by-product. The latter usually represents. an addi- 5 tional concentration
of 0.5%to0 2.T% byinsitghtarfierl i may d tstodezat [y | cprned stepaf atséd iG8om t he
catalyst by neans of filtration techniques well known in the state of the
art, foraexamphe byiliheswskuoind) | tzeod itidsyat edtimateddecahieonreadtisy or in
a special recirculation cycle of the 10 reaction m xture outside the
reactsor . otRet hgakatthen scagea.l theokangenthal Jtdidea atf onhéeeelni.qéetdan al so
be conven- iently adopted. The liquid stream (iii) proves to be stable to
storage vatéhodLreeQUlikl Rrdhe-mdiliddonled stapbibarziog sdbshances.a- 15 The
gaseous stream (iv) leaving the reactor, essen tially consisting of -

non-r eaci pg-Hydsogan &ngd exyrgenvandiohhe inert gas, generally contains a
vol unme concentration of hydrogen equal to or lower than 2% nornally

rangi ng frompaQe dyhPed eMrband AMAUMRICONSenteat for aheoXygemtgeneral |y’
20 less than 18% normally ranging from6 to 120. In an enbodi nent of the .

process %{etgsle&%éemfﬂdﬁvaﬂméé % thes gaseeusasui-aamdr-aapinngddies+ eact or
is recycled to the feeding to the reactor, after flushing fromthe system

eSO I AR D ATRITE A2 REPRET, 925 o
02/14299having a surface area higher than 3OO'HF/g and_which can
reach 1400 m®/g, in particular those having a éurfacg'area
higher than 600 m‘/g.
Preferred activated carbons are those with a.low ash
15 content.
The sulfonated aﬁtivated carbons described in Italian
patent application MI 98A01843 can be used for the purpose.
Before the supporting QT impregnatioﬁ of the metals,
the activated carbon can be subjected to treatment such as
20 washing with distilled water or treatment with acids, basgs
or diluted oxidizing agents, for eXample acetic acid, hy-
drochloric acid, sodium carbonate and hydrogeniperoxide.
The catalyst is normally suspended in the reaction me-
dium at a concentration ranging from 0.1 to 10%:by Weight,

25 preferably from 0.3 to 3% by welight.

12
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PCT/ EPO1/ 09076 when air is used as oxygen source. In thi gase-
ous stream (ii) fed to the reactor consists of. the recy§F§§%gpq%g%ion'of
the abovgosbfga® (iv), containing a quantity of hydrogen,apdpiégen (as
such or 1n the formof air or en 5 niched air) essentially equal to that
used up by the reac- tion and that used for the flushing. According to
~anot her enbodi nent of the process of the present invention, the gaseous

tr i I i th - t is fed_t J tc
perating 10 SRt bUBBER, SRRt helerRRat aloves ATErRddrng Sach time &

quantity of hydrogen and oxygen (as such, or in_the. for f.air .
enri ched®&F¢) “ds ﬁFi‘lalaﬂfogﬁfgél Ot(Io FhBLRISES %?1%851?8%8%?09{“%1} ch
takes place in the single reactors. erating, under the_conditi.Qns
describeﬂaﬁ%ﬁvg}tptai§%EN?%ﬁ§§ﬂQﬁ9?é%§kﬁoﬁﬁggeﬂ dr%gEﬁX§8F8xﬁ&% uritler

safety condi-_tions_ wth g reaction productivity narnally rangi.ng from 30
to 200 gPBEVERODL( BLFPESdeF S£OTHETS dte %@@atﬁe% HH%E%H% c%éﬁ%ﬁé%ﬁgnedium
per hour and with a nolar selectivity to- wards the far i,on of H202,

ref edri ngved PRE hyaw&géﬁtugédalgehaé, OFeMErdiHae My %?&ﬁ 78’%°ng
Furthernore, the possibility of mnimzing the concen- trations of acid and
hal ogenafedpraoher2p s pr B6ERETPA tife PFBASEFSA 15ui BPeeBRERPEESI tTvel y

i nfluences the stability of the catalytic system there are _no signs of a
subst an BBet ilaivemsison n ARENSatRISASEradt MAXEIETR of S 1G00™hBEFESofPT e 16 8
February 2005 WO 02/ 14299 PCT/ EP01/ 09076 action in_continuous. The filtered
1iqui d shethanoili idnd swibdrt cantadadinonatunieagond 08t ing ¥eighE Rt nore
reactors containing the ep- oxidation catal yst suspended in the reaction.
sol vent methangéther with the olefin and a buffering-agent. Wen the
concentration of hydrogen peroxide in the liquid stream (iii) is higher

t hana he val ueser 2fjgizi éd shyeatrhelepoxiddtEios procasis! (Fomatayand e |iquid
stream (iii) is diluted with the raw hydro-al coholic m xture of the 10
flash. crhusgechatednotonbiterval ue required by the epoxida- tion plant.

The acid promoter can be any substance capable of gen-
erating H® hydrogen ions in the reacfion liguid medium and
is generally selected from inoxrganic acids-such as sulfu-

15 ric, phosphoric, nitric acid or from organic aéids sugh as
sulfonic acids.

Sulfuric acid and phosphoric acid are preferred. The
concentration of the acid g§nerally_ranges from 0 to 1000
mg per kg of liquid medium and preferably from 10 to 500 mg

20 per kg of liquid medium.

The halogenated-promoter can be any substance capable
of generating halide ions in the reaction liquid medium.
Substances capable of generating bromide iohs are pre-
ferred. These substances are generally selected from hydro-

25. bromic acid and its salts soluble in the reaction medium,

13



The filtered liquid product |eaving the reaction unit i$ LEQ?HFQ .
distillation unit consisting of one or nore stripping ( Fésh ums, one
for each reactor of the re 15 action unit, to obtain a product at the head
essent i aMO020dM9i sting of ol efin oxide and non-reacted ol RET/EPENEOE

product at the bottom essentially consisting of solvent, non-reacted

hydr ogen peroxi de, water and reaction by- products. The product at the
bottom of the distillation 20 unit is fed, for the quota not recycled to

t he epoxfdat iegampieacilixern imai thrdmi desledopposbtomic uacidRbadogsipstang of

one or nore reactors containing a deconposition catalyst having the

functi onsgt-rdeconposi ng the residual hydrogen peroxide into 02 and H20. 25
The m xture | eaving the deconposition unit R4, essen 17 8 February 2005 WO-
02/ 14299 PCT/ ERQL/ 898 a1 om COYISi Bhilbgeabted vendmooxygererssxhlat er, is
fed, to- gether with an inert gas (preferably nitrogen), to a phase

separ at oga¥els0 flhaioni &b tJ1e Mfaskr akgasgous qphasaceanm taidipgedxygen,
inert gas and traces of solvent and, at the 5 bottom a liquid phase

consisst i g8 ySehuny, +¥Ak6r nANBeresAeld Al ditchiedueks. The gaseous phase
| eaving V4 1s"fed to a condensati on 'systemconsisting of one or nore

condensers ingaerigsdils e AiLCoYerYaef the nesiduabnsslvent. ohereas the

non 10 condensabl € conmpounds (oxygen and inert -gas with traces: of :

sol vent) irschar | wenty ViRgnt he seondensat hRe Swst em and
t he quﬁ?g%ﬁ gg%glégsﬁﬁgzéﬁggﬁe&?éde%%@the %istillgﬁfon colum C6-A

togethercgkkgn%rgkk Ee%ygggggﬁéapg%gyQégganggpIbg%sqj Svbotinen catd ai ni ng

sul furicaci about 1 sul- furic acid wth respect to the

total strean) ha.obialmoglp e NeadipLbe Rud fied: sl venig&aniainy ng

products and a“product, a e bottom essentially

consi st - i f reaction,water and,t-hat ed Ju;th ; 296020
per |de?eagggﬁgoﬁ%ﬁ§iB%gg%gﬁg’an%lﬁrade%ﬂﬁ%ggoﬁﬁﬁn,&%5;%:(Bis di schar ged.
The-solvg&% %ﬁ%&%@%nthe condensati on system and, the :

In the gaseous stream (ii) the concentrati.on of hydro—
gen preferably ranges from 2% to 4% by volume and _thé co;-*
centration of oxygen preferably ranges from 6% to 18%‘by

15 wvolume. |

The oxygen can be supplied to said stream using pure
or substantially pure oxygen,Aor enriched air, as raw mate-
rial, containing for example from 21 to_ 90% of o:éygen or
air, the cbmposition of the stream then being brought to

20 the desired values, defined above, by the addition of a
suitable concentration of inert gas.

The liguid stream (iii) leaving the rea¢£or normally
has a concentration of hydrogen peroxide of ové_r 3% by
weight and, preferably from 4% to 10% by weig_ht. It also

25 contains- the acid promoter and halogenated promoter &n

14



|IC]UI d phase | eaving V4 are preferably fed towards the bgtze &gwég the
distillation colum C6-A, whereas the acid solu 25 tion ? a hei ght
equal touappis e/ 3 of the colum? . 18 8 February 2005

PCT/ EP01/ 09076 The function of this acid treatnent is t\obggft{# ﬁel ;’/6 sepa-
rate the nitrogenated basic products present in the stream which could

i nfl uence the performance of the catal yst used for the synthesis of

hydr ogen per The SQ vent eaving 5 t the. colum C6-A is fed
to a col ucﬁ'b r%l%'es egt’la Bkggﬁar aécgt T1”r t%’tE £ L1t SEiE*Read,
wher eas t urified solvent i S.,S arate e pbottom The ream at the
head of tlﬂ@ed c%ﬁ“illn’ﬁ R B s sgf'ft_"‘ntto1L %t%?ttcﬁtlﬁﬁﬁe%w th gﬁﬁecover,
at the battom .the vent t hout |i t roducts, recy cled to the

hydr ogenQ"p’e t%‘?ﬁt'th’ﬁe%‘ili stegat ?BnWlE%dgg c@ﬁE%ﬁt PQ#@&I“@@ 85mr6fC1 i ght
products,_ at the head. The acid treatnment in_the col um descri bed above
can be Ui Qt‘@&ogv‘cﬁeanqs he tatdRheRt et Wher ARERaABESat®h heddds head
of C6-A with activated carbon, sulfonic reS| ns or sul fonated carbons

(1 tal Pan PdRét FIHTI orPM 0 58R02B4BY . 2 - ThebPr Bakghtat the head of the
stripping colum(s) and the vent products of the reactors are fed to a
distillation X8 diféd i hl ki brbduetbaneteRethendheoRaitativag of 20
non-reacted olefin, recycled to the reaction unit, and a product, at the
bott om eﬁfeﬁt‘?%@yoéoﬁsﬁﬂ-’aﬁ@% PR ITERS VEbl TEeWSr oducEhat StREeSbot t om
of the distillation colum is fed to a purification systemC5. The

resi dual o1 dit Bt 25C¢%i avdmat et bey Rdwd UG5 o fetyeredsibuahedr éaction
unit, the 19 8 February 2005 WO 02/ 14299 PCT/ EPO1/ 09076 |iquid phase, at
the bot t emdeeddmntiealdtprr ansiit i agspfchal - reehtcikatéeyctgdleoofhehel ash
colum(s), and the olefin ox- ide with a comercial purity is obtained from
a | at@r alresgttidm nietuppecupsaitieoftichereattom, 3nOiéfd nkainbéxhcean, be used

in the process of the pres-
the tangential filtration technique can also be conven-—

iently adopted.
The liguid stream (iii) proves bo be stable to Storage
without requiring the addition of stabkilizing substances.
15 | The gaseous stream (iv) leaving the reactor, essen-
_tially consisting of non-reacted hydrogen and oxygen and
the inert gas, generally contains a voiume concentration of
hydrogen equal to or ;ower Fhan 2%, normally ranging from
0.5 to 1.5%, and a volume coocentration of oxygen ¢generally
20 less than 18%, normally ranging from 6 to 12%.
In an embodiment of the process of the present inven-
tion, the gaseous stream leaving the reactor is recycied to
- the feeding to the reactor, eftef flushing from the system

the fraction necessary for eliminating the quantity of in-

25 ert gas charged in excess with the feeding, particularly



|

t

ent invention are those having general formula (1) 10 whgrejn:; R2, R3.
and R4, the sane or different, can be hydrogen, an aIky?Fgg&PEg§QQﬁ th from
1 to 20 carbon atons, an aryl radical, alkylaryl radical with from?7 to 20
carbon @429 cycl o-al kyl radical with from6 to 10 carbwmrat/os? ol ds,

an al kyl cyclo-al kyl radical with from7 to 20 carbon atons. The radicals
Rl, R2, R3 and R4, can form in pairs, saturated or unsaturated rings.
Furthernore, said radicals can contain halogen atons, nitro, nitrite,

sul foni ¢ ,aagh 2Q 1 &lAti g est ebxgEeHPsoutaebonyl tHIIrendd, s bgxyd- thiol,
am ne and ether groups. The olefins can carry the above substituents both

on . unsaiur aled qaran HEANthd ey @BnPOSEE | ODSthe NoOBCLEDRET NY
exanpl es of olefins having formula (1) 25 are: ethylene, propylene, alkyl

chi or| e, 2ldeylp2beonsle 08 Fabkuat V(2005 I 021129% PRIAEPDR 09976

but enes, pentenes, hexenes, heptenes, octene-|, 1- tridecene, nesityl

oxi de, I Rl QUL 05 R0LENC(28Y Glion REXANP LheDirbYfl I compaundgnsuch as

nor bor nen nenes, e preferred in is propylene. Propyl ene

with 2 RUY o Vel JOdh | &) 9oneLall Veyserla TR & GRYIBPechs rpaeter ably

avai labl €7@s a amiroms ing wth a mninum purity of 96%

t he remaini ng r age ¢ ISt ~propane and typical C3 inpurities.
10 The qLFéLr?tni ta;%%o%%%;td%osgeecﬁ%f)oelfoil?%eﬂa\nj:t}ﬁn%'spect to the olefinis not

critical, but_a nolar ratio_olefin/H rangs i 0 : 0.4
preferably fr&rcar ey %O;L aril%&-b?%f ?I%%rg% ﬁ%gﬁsgg.g g%gﬂe%%%%a?lﬂoﬁﬂ?eacti on

Femper at BHES oI o @ i FREnBPBGBR BoroRde Sd Rapanre oo dtSsolving
re % P PLELUD BNl Prodhce. (SYGIS 0T R 0PLA I MRS o
alcofgls 20Ol ey AP LML e NS ONOH 62000550 2L EYRL
a quantity of hydrogen and oxygen (as such.or in thé form
of air or enriched air) essentially equal to fhat used up
by the reaction which takes place in the single_reacﬁors-
Operating under the conditions described above, it is
15 possible to produce hydrogen peroxide under safety condi-
“tions with a reaction productivity normally ranging from 30
to 200 g of Hz0: . (expressed és H,0, at 100%) per'liter of
reaction medium per hour and with a molaf selectivity to-
Wards the fﬁrmation of H,0:, referring to the hydrogen ﬁsed
20 up, generally higher than 70%.

Furthermore, the possibility of minimizihg the concen-
trations of acid and halogenated promoters present in the
reaction liquid medium positively influenées the'étability
of the catalyfic system; there are nO'sigﬁs of a substan—

25 tial loss in the catalytic activity after 1000 hours of re-
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cally used.. Am'xfure with a preval ent al coholic cont en r 0 a
m xture containing over 50% by wei ght of al co- hol or m%(fﬁérgglﬁfﬁg cohol s.
Anong Cl1- ols, methanol is preferred for the purpgses of the

i nventi oﬁ%ﬁgt he 25 m xtures, a m xture of nethanol aﬁﬁTﬁa‘é’PHP"”ﬁ
containing at 21 8 February 2005 WD 02/ 14299 | east 70% by wei ght of

nmet hanol, is preferred. PCT/EP01/09076 The buffering agent is selected from
anmoni a, anmmoni um acetate, ammonium form ate or a systemconsisting of a
ni - trog@R3teR Has €I B Df its salts with an organic or in 5 organic
acid as described in Italian patent application M _99A/001658. The

buf feri ng agedhe $ifdd@nad clord ottt arkh (3ad) oftS thee reagente2St+88ns fed
to the epoxidation reactor, in such a quantity as to maintain the pH of
the reactindf rAonsHE e, oheeRer el BRFEr HIETEFS HIHP LA tHoRs®Pat a
value higher than 5, preferably ranging from5.5 to 8. The epoxidation
cat al yst oadidetiican petaspdati sudpensiasd éasdhs ¥RachieBertoliwEntFen is
sel ected fromthose gener- ally known under the nane of titanium
silicalitgeshels wAdh dhanpilefin tamd unlsiffenlny edgeah- be used, with an M
structure, described in the patent U S. 4,410,501, which al so describes
their structuidenchehactamcdnosatidnt afi uhvdepoeanl ipesoridehiléh phft of
the titaniumis substituted by other netals such as boron, alum num iron
20 or galliiquid ceirredmso (biipsad. Higwer shhari theedalivuemi veaustedchlites
and the nethods for their preparation are de- scribed in European patent
appl i cat itons e726cidEk, i @2 GRS santB 2664 82%) , Tthanlugusdl stakiwedinii h a MEL
or internediate 25 MFI/MEL structure, described in Belgian patent

1, 001, 038,s 23i8ufelir uat yh 200k S5rd 0RYA42991ECHHEPOL/OR07Er€awial §bebe
used. O her titaniumsilicalites can be se- |lected frombeta zeolites

cont apni MY ddrt afd UMm@NBohavhngeca the value requixed by the epoxida-

tion plant. |
The filtered liguid product leaving the reaction unit
is fed to a cﬁstillétion‘unit conéisting of one or more
stripping (flash) columns, one for each reactoi éf the re-
15 éction unit, to obtain a product at the head eésentially
_cénsisting of.olefiﬁ oxide and non-reacted olefin and a
product at the bottom essentially consisting 6f solvent,
non-reacted hydrogen pero§ide, water and rea?tion by~
products. The product at the bottom of the distillation
20 unit is fed, for the‘quota ndt recycled to the epoxidation
reaction unit, to a decomposition unit R4 conSisting of one
or more reactors containing a decomposition qétalyst having
the-fﬁnction of decomposing the residual'hydrbgen'peroxide

intoloz and H.C.

25 The mixture leaving the decomposition unit R4, essen-—
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SEA structure, described in Spanish patent 2,037, 596, Zgyk &ﬁﬁ qﬂbgining ‘
titanium and optionally alum num described in "Journal of m cal

Communi cations, 1992, page 74511. The preferred catal yst according to the
present WAHI2%¥j on is titaniumsilicalite having general PEHERHAOTE T) :
xTi 2 (1-x) SiO2 wherein: x represents a nunber ranging from0.0001 to
0.04, 10 preferably the value of x ranges fromO0.-81 to 0.025, and

descri bed, for exanple in patents U S. 4.410,501, 4, 824, 976, 4, 666,
692, 4, 6b8}1PleondlsBERg g85s04vendy, oxpyeThandaraltest dan fige-uddd in the
formof powder, pel lets, mcrospheres, extruded or other convenient

physi cal getlef owirsh: Fhe imsetofgas | (mrafeadol gen) toraan) i nEpt acAESE com
bined with the catal yst can be advantageous. Supported catalysts can be

pr epar edsasangtdnowd et hoosaimheat nehe bmad,era nggsegps cRblgeci9dist of
silica, 20 alumna, silica-alumna, zeolites, activated carbon, and other
mat eri al saiwihgkowwiehp therst ghe ahdt heaaes. oTheodwamt pdf adatdigyst used -
in the process of the .present invention is not critical; it is 'selected
howeger bsetas, to® albgonwdepaxsdatbasiseaati of tsolbentonplagtsed dand thee 25
shortest possible time. 23 8 February 2005 WO 02/ 14299 PCT/ EPO1/ 09076 The
quantitys@tieataystotiacgeneral ly selected in re- lation to the various
paranmeters, such as the reaction tem perature, reactivity and '

concentrati onried ?ﬂge@hgf iphaskhd eBaRReNt4 ats oficdf thydr egendqresadxiade, type
and conposition of 5 the solvent, catalytic. activity and type of reactor

or re- aghkoBnSyshenswsed heogdani kpref Eaiddysérsyphcaldniesanges from
1. to 150 by weight with respect to the reaction m xture, pref- erably

from 4 tg,d0%dweightos 10ndherd ermes Bt Wl weRd | phklkeapr oess min+t he |
present 1 n- vention generally ranges from20 to 150C, preferably from 40

to 1Q0C, c&ﬁ@%éébiﬁe%gﬁpio%n@%”dd;ﬁ}g%ﬂ yarkd ef gsFedgZhewaper aldaigpreEssure s

such as to allow't olefin to bée maintained in liquid phase at the
tenperatgéfvgﬁgy are discharged. ' '

The solvent Ileaving the condensatiop syétem and-the
liquid phase leaving R4 are fed to the distillation column
C6-A together with a diluted agueous or hydro—a;coholic so-

15 lution containing sulfuric acid (about 10—50 mg/kg of sul-
furic acid with respeét to the total stream) to obtain, at
the head, the purified solvent containing traces of light
products and a product, at t%e bottomn, esséntially.consist—
ing of reaction water and that charged with the hydrogen

20 peroxide, reaction by-products and traces of solvent, whighf
is discharged. |

The solvent leaving the condensation syétem and the
liquid phase leaving V4 are preferably fed'towards:the bot-
tom of the distillation column C6-A, whereas the acid solu-

25 tion is fed at a height equal to about 2/3 of the column.
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15 selected for the reaction. In general, the operating s sure LS higher
t han atnospheric pressure when gaseous ole fins are used?ﬁgﬂ'mpég@ﬁorAUSed

in the epaxpHdahbon reaction can be any reactor suitable bk @REhabé NY I N
continuous and con- 20 ducting the reaction in a system such as that

descri bed, obtaining an effective contact between the olefin, the lig- uid
phase and catal yst kept in suspension. For exanple, stirred reactors,

OUPRLe T HBE! BBicdRR df [dnf £OLL05 o YEL IR O BN oDl BRI, Sdigl At on

or CSTR tT nuous I'rTre eactors | ow Reac 24 8

Feb 2005 02114299 PCT{ EPOL1/ 09Q76, t Gl i t at
01? {ﬁgr ;Irfa, eartg}gsﬁﬂtgﬁlgeenaft&dt & 1|63u2’%&9&%@”0‘%%‘?&?%%@3%5&5%5' tS e(rfime
referrin%_to fresh ol.e-

fin, recycled alefin or their m r ' ed to
the reacYP8Sh G e tndEi %% o ‘?a?@rg%_{“?%fzeaﬁ% %ﬁlee@cggs%fs} n%%gr{n ze the
conversion and selectiviity to._olefin oxide an i.nt ai t I on
pressur e FOK Eﬁggﬁﬁﬁ%ﬁﬁ&yﬁ:% r?%oéjicﬂe'ngﬂekfe? vslonnlgv?llrg%njl: %%f%ﬂéfy
limts and recycled olefin_is pref- erab fed. Before e ing the
react? on tGfi P,eafjhé%f Fi‘?ncof-@’l@ é'qu'ﬁ* céh tlb%j F& i3 i SR t“ﬂ%%%ﬁ sf?l%lgti on
colum C4. According to an enbodi ment of the pr cezgﬁézg thzg res-..ent
i nventi ofe%t k@ FERELASE (hia L ON AT AT tHr s d@n FRERE RS of the
CSTR type and isothernms. The reactors Rl and R2 qurate under substantially
15 i dent PE&R fEGRIPPLERET LS Sepai s dttfi LY About 55 750C and a
pressure of 13 bars, whereas the reactor R3, which acts as finishing :
reactor, i.e. Thiet FtegRaust dhoheache hydroden Fer H§h F25¢ the Feactors
Rl and R2, oper- ates at a tenperature of 79-90C and a pressure of 8 bars.
20 The oviésaillekigat iemlweactiooh  oftq hESEPBEFn &k chiRre A%GEBut Fi€such a
way as to have a concentration of H2O2 of less than 100 ppmin the stream
| eaviBig tshdvemitt Wathoun LHaH reToARAtSecFREVICEEEL oF0, Hife REAEPTER sel ec-
tivity with respect to hydrogen peroxide is 98% nolar with 25 a conversion
of 96% iprrokedehisvhireatior rehebéons @rgkl@ccggcentrated stream of
light products, at the head. |
The acid treatment in the column described aboﬁe, can
be substituted by means of treatment on the methanql at the
15 head of C6-A with activated carbon, sulfonic resins or sul-
. fonated carbons (Italian Patent Application MI 98A01843) .
The prodﬁct at the head of the stripping column(s) and

the vent products of the reactors are fed to a distillation

1y
4

column C4 to obtain a product, at the head, conéisting:of

20 non-reacted olefin, recycled to the reaction unit, and a

product, at the bottom essentially consisting of olefin ox-
ide. ._ |

The product at the bottom of the distillation column

' is fed to a purification system C5. The residual olefin ob-

25  tained at the head. C5 is recycled to the reaction unit, the

19
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8 February 2005 WO 02/14299 PCT/EP01/09076 tivity of 80% F—‘BI%@E\ 58 .
conversion of 95% The. flash col- umms substantially opera nder the

"~ same operating condi- tions and di scharge, at the head, streams in vapour
phase eWOR{IF2 y consisting of non-reacted ol efin, ol ef PRTERIHWO76G | nert
products, for exanple aliphatic hydrocarbons such as propane, and sol vent
vapours. At the bottom the columms discharge streans in |liquid phase with
a differentiated conposition, which for d and C2 are partly recycled to
the respiquidepbynthesits theabbortorR] cavdrRd ally Teasimiond @ Mk head of
colums Cl1-C2-C3 are fed to a distillation colum C4 to recover the

non- r eactredtol.ef recvaflethé&ohdhd. fllrsH attlemn s ire@md dthe cold@Biyepthesi s of
the olefin oxide after partial elimnation of the inert prod- ucts. The
vapours goai withr ancoheevrentd efuridacticr oREIRRA 5-dR8,a atztatsd ¢ed to the
colum C4. The tenperature at the bottom of the colum C4 nust not exceed
80C wi t hireshdenppetd PRt B h@eordduref. 1 min- ute; this is to avoid
degradation of the ol efin oxide. Wiereas the streans at the bottom of the
distig l ati on 020reakumms Gl card K2 $iéd | igobhai procegsisf icdantheuaresti es of
hydr ogen peroxide,, and are therefore recycled to the syn- thesis of the

ol efi n oxhdeinthatsbheameattiie traldirgf dditerLolfommQ3 i s pubstantial ly
wi t hout H202 and essentially consists of solvent, water and reaction
by-products. 25 This streamis fed to a deconposition section of the 26 8
February 2005 WO 02/ 14299 PCTFEPO1/ 090%% r esi dual hydr ogen peroxi de R4 *
consi sting of one or nore fixed bed tdAbular reactors arranged in series.
The hydrogen peroxi de deconpositger=eaction is exo- therm c and takes
place in liquid phase at about 8P- 90C, 5 with a residence tine ranging
from1l to 10 mnutes, pref- erably from2 to 5 mnutes. Exanpl es of

cat glyysts used in the decorrpoé?:li on rege-_ tion consist of nmetals of group
VI1I or their oxides. The

wherein: Ri, Rs, Rz and Ry, the same or different, can be
hydj:ogen, an alkyl radical with from 1 to 20 éarbon _atoms,
.an aryl radical, alkylaryl radical with from 7 to 20'carbo;j1
atoms, -a cyclo—alkyl radical with fJ_:om & to 10 carbon at-
15 oms, an alkylcyclo—~alkyl radical with from 7 to 20 carbon
- atoms. | |
The radicals R;, Rz, Rs and Ry, can form,. in pairs,
saturated or unsaturated rirg:gs. Furthermore, s'ai‘d- radicals
can contain halogen atoms, nitro, nitrile,- sulfonic and
20 relative esﬁer groups, carbonyl, hydroxyl, ca’xrboxyl,*-thio_l,
émiﬁe and ether groups.
The olefins can carry the above substit_ger_l_ts both on
.iunsat_urated carbon atoms and in different positions.
Non-limiting examples o¢f olefins having formula (I)

25 are: ethylene,'pr'opylene, allyl chlorxride, ally_l alcohol,

20



carriers are selected fromthose of the known art and i\?ﬁFe&Qxa@?ﬁ@% above.
The m xture leaving R4 is fed to a phase separator V4 i ch separates the

oxygen gepetaied fromthe deconposition of the hydrogen gaywoiderand t he
dilution inert product, preferably nitrogen, charged downstream of the
reactor R4 15 to maintain the sol vent/oxygen m xture released in the flash
colum below the lower flammbility limt. The sol vent-oxygen-inert product

m xt ure A‘ﬁﬁe\eﬂ&g V4Fﬂer{%]ﬁ&qn C@lll%%ﬂ%%q i nhgweg@@ensgbgeh@-aeri eg-to

recover sdl ve ereas the non-condensabl e product's (oxygen 20 and

nert proguetoyidh Lagesof osphyent) il schacieroctind, dsydiphase

| eavi ng an I'quid mxture leaving V4 are fed to the distillation
col um h.and . tre ; @S Lagd Ve s The - SOPHERsat | ginbaak
recover e HTT g~ h%é%gfggl?hggﬁ;éﬁég ur??il% K can lge used togsuppl y all the
reboili n%%(gsmi ts 27 8 February 2005 WO 02/ 14299 PCT/ EPO1/ 09076 present in

the proc In this case, the pressure of the colum is kept at a
suitable value for this purpase.. A Liqui rejggnr' LA ~Qlefdneoxizde is
extracted fr etHEEESFF‘&ﬁm oof%‘ﬁfen df-8t iﬂﬁ%ﬁs%}loen col E%?lpgg,e%aend IS sent to a
5 purificatjon section Jhe latter nsi st f : H 55}?1.%1‘:1 series due
to the W@ht%uﬁﬁerog?rg%aqﬁeslﬁncgesré%%ar s?ls;étdqt hgﬂ%e;% re- selpdual .
vapours still present on-reacted ol efin_and i : kg bottom
a |iqui &%@?%‘é@ﬁ’%ﬁn%‘é?f‘w?ﬁﬁ%o?%eﬁtSEﬁe%de?%f Fﬁg(%(ﬁ %%?scg%l?cﬁrel&to t he
distillation colum C3) and, laterally,. a liquid stream consi.sti:ng of
ol efi n oxdeEmuE PREAEY R PGl %iq%}ﬁla(gug@g gg/(??:c?ﬁéaggpg%g%%xtetlr ct ed
fromthe head of the purifica- tion colunn C5 may still contain significant
quant i t i @8 Rfopame opBf| RYBkFad and ™ re&R1 ed upstream of the
distillation colum C4. Operating wth the process of the grﬁ%eq: c

lﬁ{ﬁ) 0

i nvadltion, tHes eBRREATY0RLC HVALPICD FEESF I hehr §5°HoE t Show any

sign of deterioration and the productivity and r,eactiog. ,
olefin is not critical, but a moXar ratio ole in/H,Q: Trang-—

ing from 10:1 to 1:10, preferably from 6:1 to l':'l', is pref-
erably used. '
The epoxidation reaction can be carried out in one or
15 mbre liguid 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 alcohol or

iy
4

mixture of Ci1—-C4 alcohois or a mixture of said alcohols
20 with water with a prevélent alccholic content, are typi-
cally used. A mixture with a prevalent alcoholic content
rafers to a mixture contaj_ning over 50% by wei'ght of alco-
hol or mixture of alcohols. Among C1—Cy alcohdls,. methancl
is pﬁeferred for. the- purposes cf the invention_. Among the

25 mixtures, a mixture of methanol and water containing at
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20 selectivity are high. The process for the preparation %fgol ef£¢h5oxi des.
can be better understood by referring to the bl ock. schB kegr gure 1,

which re an illustrative but non-limting enbodi /th
refer encg‘w 0 ?Ql%gure 1, the olefin, for exanple 28 8 Febr gg?{}‘j’ﬁég%'\%@

02/ 14299 PCT/ EP01/ 09076 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 Rl-R2- atallelly with lines (T1)--(T2)-(T3 whereas half of the
recycl ed%%‘ﬁgsﬁpg‘s h et Fro ek I3 0 %é‘%fiﬁr’? fed to the reactor R1L
(4A) and the other half to R2 I‘Q'4I_3). Passi bl e sol vent | osses in the

i ntegrated préRtedBBELSsH18IcRERIe 1fe FISAEST IV SRHO Ik FHP e (3)
which enters with the feeding of colum C6-A, Propyl ene oxide synthesis
react i on2E6tRRE f AERIONRT | FRFRE SR RT of PSRt LBNFHGRENET 1% B react or
Rl is fed with line (6) to the first distillation colum Cl from whose
head t hetppepprére &eisge 3pdo@Rce@fands e attidl 3 SPHFBHE (9%, 1*n vapour
phase, are recovered, and fromthe bottom a liquid stream(8) still
cont &% ni pYYEBiky dicdgem pedoscrihed par fteoflieg) Hadandd artiva ettt R3
and the remaining stream (8A) is recycled to the reactor RI to dilute the
hydr ogen 998y 6RiL8&8t.0 t he desired concentra tion. The filtered liquid
reaction product |eaving the sec- 20 and reactor R2 is fed with line (9) to
the second di §hel kaftfiegning| agentC2isr diedihios echrbiinumes préphl e oxFde
produced and non-reacted propylene (12), in vapour phase, are recov- ered,
and fromchke boidemts a sitirpaines sfe@arhq 1Bhestepdxigtatigqranirrgclipdrogeh
peroxide, a part of (13) is fed to the re 25 actor R3 and the renaining
stream ( $838h s gueayiitad 4o tden2nBaFebthar pI2@05 e 02%Ec11299 mix-

PCT/ EPO1/ 09076 reactor R2 to dilute the hydrogen peroxide to the desired
concemt r gtirep. measured under the operating conditions, at a value

higher than 5, preferably ranging from 5.5 to 8.

The epoxidation catalyst which can be used.ih the pro-
cess of the present invention is selécted from those'gener—
ally known under the name of titanium silicalités._

15 | For example, titanium—-silicalites can be used, with an
MFT structure, described in the patent U.S. 4,410,501,
which also describes their structural characteristics.

Titanium silicalites ig.which part of the titanium is
substituted by other metalsjsuch as boron, alumiﬁum, iron

20 or gallium, can also be used. These substituted titanium
silicalites and the methods for their preparation are dé—
scribed in European patent applicatians 226,257, 226,258
and 266,825. | |

Titanium silicalites with a MEL or intermediate

25 MFI/MEL structure, described in Belgian patent 1,001,038;
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The filtered liquid reaction product |eaving the sec- react is fed
with line (14) to the third distilla- 5 tion col um C3 P?B?R"Hﬂ’é?@oﬁad t he
propyl ene oxi de produced and non-reacted propyl ene (16), in vapour phase,
are recow00i1d¥®? and fromthe bottom a liquid stream (FI/ERA{PI6con-
tai ni ng hydrogen peroxide, fed to the reactor systemR4 (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 daaveigot Hee systeeim Rather frddand uhe iddlaadkites Acang)pe t RE-gaseous
product vented into the atnosphere containing oxygen, nitrogen and traces
15 of netdenad fﬁomebeeaembedibysHammuaE@inqﬂﬂitﬁniumr@pmihavi@geﬁ-is fed
to the systemR4 with line (AZ). Recovery of the solvent The |iquid product
| eavi ng dE¥e &eACtDOreySstestRibedwWihh@taryatr quenepier 2x03e, 286, c&SMti al |y
consisting of 20 solvent, water and by-products, is fed wwth l[ine (18) to
t he sol vent cpaeaYaiyigSactioN Gonshat opgionalliys gphmtiroutar decasébefd a
series of distillation colums C6. A-B-C. Water and the reaction

by - prsodugt s f2in&T €cdi GRbAL 88T EhammhheatDohtpm 0b26pAgeAV4tHe head of
C6-A, the solvent (23) is 25 recovered and.sent to the colum C6-B. At

about 2/3 of difie 30 BeFebl UssiaRPOE ND-024142980 PEREEPDALEART inkrenght of
C6-A an acid solution (Al) is fed, which blocks the nitrogenated conpounds

present ﬁ{bﬂaPQUE19Qﬁ§ﬁm gh@lc@ﬁﬁgeOﬁaﬁmﬁﬁcgbﬂéﬁagﬁfarmpmsl$Eﬁmg_Of l'i ght
conpounds (nethyl form ate dlnethoxynet ane) present in the nmethanol 5 at

the inlet of C6-A at a concentH?QBOEl @6by wei ght of nethanol, is
fed to the colum C6-C. The |Id% cen- r%ted products (6-8% by melght)

| eave the, %f@f’nof t@s leent'g = B wi-t bahhenkl gsbing . sboeams( 3104, The

bott om products unns B and C6-C when joined (33), formthe netha

of e Lfﬁ%%%%%i%x ?}% e T A2 G 008 P ogother wth the
vented products of the,r example in patents U.S. 4.410,501,
4,824,976, 4,666,692, 4,656,016, 4,853,785, 4,937,216.

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

lets, microsphe;es, extruded or otherx convenient.physiCal
15 forms.

The use of a ligand (co.gel) or an inert carrier qom—
bined with the .catalyst can be “advantageous. Supported
catalysts can be prepared us%ng known methods.

The inert carrier may typically consist of silica,

20 alumina, silica-alumina, =zeolites, activated carbon, and
other materials well known in the state of the art.

The quantity of catalyst used in the pxécesé of the
present invention is not critical; it is'seleﬁted however

so as to allow epoxidation reaction to be complgted in the

25 shortest possible time.
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synt hesis reactors, consist of non 15 reacted propyl ene, ‘ oxi de -
and solvent; they are fed, by neans of the conpressor éﬁ€é¥@%#%§85 -
distillation colum C4. The propylene is separated at -the head of the
colum OVaBYétBer with the inert products (27) + (25). THEI/EPHAPTS
products, such as propane, are inserted into the cy 20 cle together with
fresh propylene (5). To prevent there be- ing an accunul ati on of inert
products in the production cy- cle, a part of the stream of propyl ene
recycled to tHeerguantibysefi satkiyisdd iRyengrzt¥eapeteehefn1pr &Sy ene
oxide (28) is recovered at 25 the bottomof the colum C4 and is fed to

t he puriiaththoho3the Febioasyp208feEre?/ $u289aPCTREPTERAGICPE deai1i on of
propyl ene oxide, in this particular case con sisting of a distillation

col um Ghethhutwp seecitdndly sinccacvhoeunipatiophade {iR9) odeifin,cdhtai ni ng
traces of non- reacted propyl ene and propylene oxide is recovered at the 5
head of tbRceatuatibh; cfhhgdsbeanperorddyes! ¢égpby amdaengfos ittierc apr essor
Kl to the colum C4. A liquid stream (26) containing propyl ene oxide and

sol vent {Bcexbnashel tweanythe befttieminf drhe tobeinnf Coeandors cgenteback to
the colum C3. 10 The propylene oxide with a commercial purity is ex

tracted fremphheysebmise®.as a lateral cut . (3 0) . Synthesis reaction
of hydrogen peroxide The stream of distilled nmethanol (33) comng fromthe

propyl ene oxi gre SYlaR@Sity SEEt LARaU9e: tioypd healydr egageperfrd axitde
synthesis section. A stream (35) of a- aqueous solution of HBr (hal ogen

ated proggier) wﬁtﬁv&fﬁm £36)e0t @ agueousa&eiohi Aax@furd R $Hefaci d
pronoter) are added to the stream (33); the punp Pl sends the m xture

obt ai ned_{3y) vt e-Lheshydr ogen,20,;Reexi de synthesis reactor RS at a
pressureeo% 180 Ears. The str%aﬁé 39)-(40)-(41) of hydrogen, oxygen and

nitrhey gen, re hMELY Ak e SERt 1BY cReaRs R skherC oMy ¢58fert? ido0 the

iR et
reactor R5 at 100 bars. The ventilator K3"'recycles the non-reacted gases

fromthe Lop;gh é@%e&gﬁﬁ&oEaﬂdgé)ffﬁh2§orEécﬁkgncveﬁﬂéﬁefaﬁlftfﬁﬁﬁﬂ(44)1
consi sting 6f “t'hé rear B
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-
15 selected for the reaction. In general, the operating-pres~
sure is higher than atmospheric pressure when gaseous Qle~
fins are used.
The reactor used in th epoxidation'reactién can be
any reactor suitable for operating in continuous and con-
20 ducting the reaction in a system such as that described,
obtaining an effective contact between the olefin, therliq~
uid phase and catalyst kept in suspension.
For example, stirred reactors, bubble reactors, gas-

1ift reactors with internal or external circulation or CSTR

25 (Continuous Stirred Tank Reactors) or PFR (Plug Flow Reac-
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32 8 February 2005 WD 02/ 14299 PCT/ EPO1/ 09076 tion pr odugkgbrn%gr@gsn .
peroxi de and water, the nethanol solvent and reaction gasés drssolved at
100 barswd@figd to the flash colum F1 at |ow pressure.pdhgp ﬁ,g%r phase
| eav- ing Fl, after condensation (45), feeds the separation co um C7

fed at the head with water (48). The gases at the head C7 (46) are flushed
fromthe cycle, the stream (47) at the bottom of the colum C7 containing

traces of nethanol . and water.is.sgn a i i t reat neit. gt em The
gases of L?ﬁgsfoﬁsofdﬁ%cerlvrk\%é%t%r% F%%D%é%%feor&a% ys%w téﬁ 10 the on-line
anal yzer re also sent to-the flash colum Fl. The liquid streamf4)

| eavi ng E@gcgﬁgl EPEPEP®hydr ogen, peroxide (7% wei ght), water and nethanol .
Corpar ed- i t NIEReORFOM FEAGRS (e br et oraEeby MiRG e A edtet tone = *°
ohd i GhsePECTPIEy O1E A CR  H o d RS Ssar g Ca ) bR on an

The. ol | BPRq S68Br SOREE GARHPTS o SRUNIEdRa bR FRGSS (it MR Birbees and

does not limt the scope of the inven- tion. MPLE 1 The, pr acecdure is’

adopt ed BBEOFERNGIESOR §iife SE1E6THNE-tR &0y od€ Tt Siteite 30 F& A& ng =
from 33 8 February 2005 WO 02/ 14299 PCT/ EP01/.09Q76 - tr%am de iving
from a stBamrepr&ERPAgPFEESUTEoNSY §l¥%%FO§§.’§%ﬁW \ﬁé dﬁrsﬁe B g%;ﬂ ene and
0. 05% by wei ght of propane; - a gaseous stream containi ng hydrogen, oxygen
and ni 5derdyeng dramdealieed LAERSt Ae FINCRRY aP1BAT B lﬁyégb%n i's
| ower than 4.5% by volunme and the concentration of oxy- gen is |ower than
21% by verekdy timlcobpfenententerions bbe ggamtirsgeiiit, ndké- U St hanol ;
10 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 R1 and R2 operate under sﬁbstantially
15 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 Ffinishing reactor, i.e. with exhauvstion of
the hydrogen peroxide fed to the reactors Rl and R2, oper-—-
ates at a temperature of 79-90°C and a pressure of 8 bars.
20 The overall oxidation reaction of the olefin is car-
ried out in such a way as to have a concentration of H:20:
of less than 100 ppm'in the stream leaving the unit R3.
In the first and second reactor, the reéction selec—

tivity with respect to hydrogen peroxide 1s 98% molar with

25 a conversion of 96%, in the third reactor there is a selec-



-10 - an acid pronoter H2SO4 (200 ng per kg of liquid rre-agi ' a . -
gAY e

hal ogenat ed pronoter HBr (6 ng per kg of liquid nediun

“net hanol stream at the inlet of R5; a buffering agent consistingoof an

aqueous SHPUVIHEH of NHAOH, fed to the stream of nmethanol PSE/EPAEOI0RS ot of
reac 15 tors RL-R2-R3 in such a quantity as to buffer the pH of the

reaction mxture to a value of 6.5 (present in the liquid streamin the
feeding to RI-R2-R3 in a concentration of 80 (ggg%éoa rei nf or ced Sgass

pH et er tinsidnt exf i80% Mo TasaAtide QAFERFFL19R 20The df 1 8%RdCSdr ut i on
containing sulfuric acid (about 10- 50 ng/;%_of sul furic acid wth respect
to the toimis stWesirantis)ly f ederatehundekufecsama oRpEaF G 8PBELM at i on
under acid conditions of the nethanol recycled to R5. The titanium
silicaliteien adydt diethehget ypd dehe 2eadr i bsdepAspdentaRpus, phasg3y,
216, is present in the rear 34 8 February 2005 WO 02/14299 PCT/ EP01/ 09076
tors Rl, &Psandi Ry cancioicen raf i nomofedobdy okefhn, wwinfinesgéde to the
slurry. The catalyst bed of the deconposer R4, in pellets with an active
phasesof LB%t isrehacged forvekunplexeddipharic yudrerndeomxhaashi 88 of the
hydr ogen peroxi de. The heterogeneous catal yst based on pal |l adi um and
pl at i numpsofkens, | andi sparsimn vapthes! i g doireabbitanmye thenratul®shby
weight in R5. Table 1 enclosed (3 pages) indicates the balances and 10.
conposi ti@s@atde sicrgkbasstigamsiquikb PRads Sviebr uar yiZAeSeMDiozeU4299 i)
rraoO ) C) QN |
composition, which for C1 and C2 are partly recycled to the
respective synthesis reactors R1 and R2.
10 The vapours at the head of columns CI-CZ-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
olefin oxide after partial elimination of the inert prod-
ucts. The vapours coming from the vents of reactors R1-R2-
15 R3, are also 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
20 columns Cl1 and C2 still contain significant quantities of
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,Q, and essentially

consists of solvent, water and reaction by-products.

25 This stream is fed to a decomposition_section of the

26
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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,

5 ﬂith a residence time ranging from 1 to 10 minutes, pref-
erably from 2 to 5 minutesf

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

10 cated above. . |

The mixture leaving R4 is fed to a phase separator V4
which separates the oxygen generated from the decomposition
of the hydrogen peroxide and the dilution inert product,
preferably nitrogen, charged downstream of therreactor R4

15 to maintain the solvent/oxygen mixture releésed. inr the
flash column below the lower flammability limit.

The solVentfpxygen—inert product mixture leavingrv4(
is then condensed in_two cgndensers in series to recover
the solvent, whereas the non-—condensable producté (oxygen

20 and inert product with traces of solvent) are discharged.

The liquid phase leaving R4 and the ligquid ndxtute
leaving V4 are fed to the distillation colﬁmn. C6-A and
treated as described above. | o

The .condensatioﬁ. heat recovered at the head_ of the

25 column C6-A can be used to supply all the reboiling units

27
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present in the process. In this case, the pressﬁre of the
column is kept at a suitable value for this purpose.

A ligquid stream rich in olefin oxide is extiacted from
the bottom of thé distillation column C4, and is sent to a

5 buxification_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 liguid stream containing solvent j

10 znd olefin oxide (recycled to the distillation column C3)
and, laterally, a liquid stream consisting of olefinrdxide
with & commercial purity (> 99.8%). |

The vapours extracted from the head of the pufifica—
tion column C5 may still contain significant quantitieé of

15 olefin oxide and are_recycled upstream of thé distillation
column C4.

Operatiﬁg with the process of the present invention,
the epoxidation catalyst, after 1000 houis, does not show
any sign of deterioration and the productivity and reaction

20 selectivity are high. |

The process for the preparation of oléfin oxides can

be better understocd by referring to the blpck schemes of
- figure 1, which represents an illustrativé but non-limiting
embodiment . |

25 with reference to figure. 1, the olefin, ._for ‘example

28
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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 R1-R2-R3 parallelly with lines (T1})~ (T2)-{T3),
whereas half of the recycled sclvent with the hydrogen per-
oxide (4) is fed to the reactor R1 (4A) and the other half
to R2 {4B). Pbssible solvent losses in the integrated pPro-
duction c¢ycle are replaced by means of "make-up” line (3)

which enters with the feeding of column C6FA.

Propylene oxide synthesis reaction

The filtered ligquid reaction product leaving the first
reactor R1 is fed with line (6) to the first distillation
column C1 from whose head the propylene oxide brbduced and
non-reacted propylene (7), in vapourrphase, are recovered,

and from the bottom, a liquid stream (8) still containing

hydrogen peroxide, a part of (8) is fed to the reactor R3

“and the remaining stréam (82) is recycled to the reactor RL

to dilute the hydrogen peroxide to the desired concentra-

tion.

1
!

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 ox1de produced

and non-reacted propylene (12}, in wvapour phase, are recov-

‘ered, and from the bottom, a liquid stream'(l3)lstill con-

taining hydrogen peroxide, a part of (13) is fed to the re-

actor R3 and the remaining stream (13A} is recycled to the

29
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reactor R2 to dilute the hydrogen peroxide to tﬁe desired
concentration.

The filtered liquid reaction product leaving the sec-
ond reactor R3 is fed with line (14) to the third distilla-
fion column C3 from whose head the propylene oxide produced
and non-reacted propylene (16}, in vapour phaée, are recov-
ered, and from the bottom, a liquid stream (13) 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 condeﬁsers in series E421/E422 r‘on the
vapour phase leaving V4). -

The liguid reaction product leaving the -Systeertl is

fed to the column C6-2 (18), the gaseous product'vented

~into the atmosphere containing oxygen, nitrogen and traces

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

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

Recovery of the solvent

The ligquid product le@ving‘ the reéctor' 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 06 ArB—C. Water
and the reaction by-products (24) are discharged from the

bottom of C6-2A. At the head of Cé6-A, the solvent (23} 1is

recovered and sent to the column C&-R. At about 2/3 of the

30
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height of C6-A an acid solution (Al) is fed, which blocks
the nitrogenated compounds present in vapour phase. The
head of the column C6~B consisting of 1light compounds
(methyl formiate, dimethoxymethane) present in the methanol
ét 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 pol—

umn C6-C with the flushing stream (31). The bottom products
of columns C6-B and C6-C when joined (33), form the metha-
nol recycled to the synthesis 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 mnmeans of the compressor K1, 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, sugh as proﬁane, are inserted intb the cy-
cle together with fresh propylene (5). To prevent there be-
ing an accumulation of inett 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

31
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section of propylene oxide, in this particularféase con+
sisting of a distillation column C5 (in two sections). A
stream in vapour phase (29) still containing traces of non-
reacted propylené and propylene oxide is recovered at the
5 head of the column C5; this stream is recycled by means of
the compressor X1 to the column C4. A liquid stream (26)
containing propylene oxide and solwvent 1is extracted from
the bottom of the column C5 and is sent back to the column
C3.
10 The propylene oxide with a commeréial purity is ex-
tracted from the column C5 as a lateral cut (30). |

Synthesis reaction of hydrogen peroxide

The stream of distil;ed methanel (33) coming_ffom the

propylene oxide synthesis section goes to the hydrogen pef—
15 oxide synthesis section.

A stream (35) of an agqueous solution of HBr (halogen-
ated promoter) and a stream (36) of an agueous éolution of
H.S0s (acid promoter) are added to the étreanl'fBS);' the
pump P1 séﬁds the mixture obtained (37) to the hydrogen

20 peroxide synthesis reactor R5 at a pressure of 100 bars.
The streams {(39)-(40)-(41) of hydrogen, oxygen.and nitro—
'gen, respectively,_are sent by means of the.gompressor K2
to the reactor RS at 100 bars. The ventilator K3 recycles
the non-reacted gases from the top of the reactor intec the

- 25 reaction medium. The stream (44), consisting of the reac-
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tion products hydrogen peroxiée and water, the ﬁwthan&l
solvent and reaction gases dissolved at 100 bars, is fed to
the flash column F1 at low pressure. The vapour prhase leav-
ing F1, after condensation (45), feeds the separation col-
5 ‘umn 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 treatment system. The
gases of the top of the reactor removed for analysis with

10 the on—line analvzer Aﬁ, are also sent fo-the flash column
F1. _

The liquid stream (4) leaving Fl consists oOf hydrogen .
peroxide (7% weight), water and methanol. Said stream forms
the feeding stream to the propylene oxide synthésis*

15 " Compared with the known methods; the process descﬁibed
 ab0ve allows epoxides to be obtained with a high productiv-
ity over a period of time and a high selectivityf using a
method whlch can be ea31ly applled on an 1ndustr1al scale
and with the posszblllty of cperating in contlnuOUS.

20 ' The following operative example is provided for illus-
‘trative purposes and does not limit the scobe of the inven-
tion. | |
EXAMPLE 1

The procedure is.adopted according to figure 1 to pro-

25 duce propylene oxide starting from:
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- a stream deriving from a steam cracking pléﬁE consist—

ing of 99.5% by weight of propylene and 0.05% by weight of

propane;

- a gaseous stream containing hydrogen, oxygen and ni-
5 frogen, characterized in that the concentration of hydrdgen

.is lower than 4.5% by volume and the conceﬁtxation of_oxy—

gen is lower than 21% by volume, the complement to 100 be-

ing nitrogen;

- make—up methanol;

10 -  an acid promoter HS0; (200 mg per ig of liquid me-
dium) and a halogenated promoter HBr (6 mg per kg of liquid
medium) fed to the methancl stream at the inlef of R5;

- a buffering ageﬁt consisting of an aqueous,solufion Qf
NH,0H, fed to the stream of methanol at thé inlet'of réac—

15 tors R1-R2-R3 in such_a quantity as to buffer the pH of ﬁhe
reaction mixture to a value of 6.5 (preéent in the liquid
stream in thé feeding to R1-R2-R3 in a concentration of 80
pprm) ; a2 reinforced glass pH-meter inserted in the reaction’
stream, is.used;

20 - a diluted solution containing sulfuric acid {about 10— -
50 mg/kg of sulfuric acid with respect to thé_total stream
{18), fed to the column C6-A to obtain a distillation-under
acid conditions of the methanol recycled to R5. |

The titanium silicalite catalyst, of the type de-

25 scribed in patent U.S. 4,937,216, is present ih the reac—

34



Q05O ' c{'rr NYN L, b0OO FOO a~f]NaOO Or dO O)i i -ctl)"ltépg%%g hNLoOOO
-0 C OCD Ma MQ rlnlNV pvaCo 00Ca O O C~j M bgQCoto "cr aacot or toN
cqCla own e¥fizeV~ttoo t7~" b b 00 CDoM . NV toNLgLO t DN3gEREEy1/09076

fors R1, RZ2 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%, 1is charged in volume excess to

5 -guarantee_ exhaustion of the hydrogen peroxide.

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

Table 1 enclosed (3 pages) indicates the balances and

10 composition of the single streams. S

i5

~
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An integrated process for the production in continuous
of epoxides by the direct oxidation of an olefin with
hydrogen peroxide which comprises:

{a) preparing an alcoholic or hydro-alcoholic 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 palladium and platinum as
active components} . -

(b) putting the alcoholic or hydro-alcoholic solution
of hydrogen peroxide obtained in stepr(a)'in contact
with an olefin and a buffering agent, in the présence
of an epoxidation catalyst suspended in ﬁhe reaction
solvent, in order to obtain a reaction mizture con-—
taining the epoxidé corresponding to the olefin, water
and the alcoholic solvent;

(c) treating the alcoholic stream leaving step (b),

L
i

after separation of the epoxide, in order toreliminate
the nitrogénated compounds present;

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

The process according to cléim 1, wherein in'step (c)
the,treatment‘of the alcoholic stream is effected by

distilling the solvent together with an agueous or di-
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luted hydro-alccholic solution containiﬁgﬂ 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, which comprises a
further step (e), wherein the raw hydro-alcoholic mix—
ture of the flash column bottom is used for diluting
the alcoholic or hydro-alcoholic sclution of hydrogen
peroxide leaving step (a) to the vélze recquired by the
epoxidation plant.

The process according to claim 1, wherein step (é) for
the production in continuous of alccholic or-hydro;
alcoholic solutions of hydrogen peroxide comprisgs; |

(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 liquid stream egonsisting of an alcohol or an
alcohol-water mixture with a prevalent alcohollc con—
tent, containing an acid promoter and a halogenated
promoter. |

(ii) a gaseous stream containing hydrogen, oxygeh and
an inert gas, characterized in that the concentration
of hydrogen is lower than 4.5% by voiume and the-con—

qentratioh of oxygen is lower than 21% by wvolume, the
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complement to 100 being an inert gas;
{(b') removing from the reactor:
(iii) a liquid stream essentially consisting of the
stream (i) and alsc containing the hydrogen peroxide
5 and water produced by the reaction, characterized in
that the‘concentration of hydrogen peroiide is higher
than 3% by weight; and |
{iv) a gaseous stream essentially consisting of
non-reacted hydrogen and oxygen and the inert gas.
10 5. The process according teo claim 1, whérein the catalyst
| in step (a'}) contains palladium in a quantity rénging
from 0.1 to 3% by weight and platinum iﬁ a quantity
.ranging from 0.01 to 1% by weight, with an atomic ra-
tio platinum and palladium ranging from 1/500 to
15 100/100.
6. The process accofding to claim 5, wherein the catalyst
contains a guantity of palladium ranging from 0.4 to
2% by weight and a qua?tity of piatinum ranging from
0.02 to 0.5% by weight, with an atomic ratio platinum
20 and palladium ranging from 1/200 to 20/1060.
7. .The process according to c¢laim 5, wherein the cata-
lyst, in addition to palladium and platinum, contaips

another metal selected from those of group VIII or IB.

8. The process according to claim 7, wherein the,metai is
25 ruthenium, rhodium, iridium or gold.
4
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9. The process according to claim 4, wherein'thé catalyst
is prepared by dispersing the active components on én
inert carriexr by means of precipitation and/or impreg-
nation.

5 iO. The process according to claim 9, whe;ein the inert
carrier 1s selected from silica, alumina, sili¢a~
élumina, zeclites, activated carbon and activated car-
bon functionalized with sulfonic groups.

11. The process according to claim 10, wherein the carrier

10 - 1s an activated carbon selected f%&h those of fossil
‘or natural origin deriving from wood, lignite, peat'or
coconut and having a surface area higher than 300
m?/g. |
12. The process according to claim 11,'whérein the carrier
15 is an activated_tarbon having a surface area which can
reach a value of 1400 m*/g.

13. The prdcess.according to claim 12, wherein the carrier
is an activated carbon.with a surfacé area higﬁer than
600 m?/g. |

20 14. 'The process according to claiﬁ 11, wherein the acti-
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 coﬁéentratidn
ranging from 0.1 to 10% by weight.

25 16. The process according to.claim 15, wherein the cata-
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lyst is dispersed in the reaction medium at a concen-
tration ranging from 0.3 to 3% by weight:.
The process according to claim 4, wherein the liquid

stream (1) consists of an alcohol or mixture of Ci—Cy

alcohols or a mixture of said alcohols with water with

an alcohblic content higher than 50%.

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

The process according to claim 17, wherein the mixture
is a mixture of methanol and water centaining at least
70% by weight of methancl.

The process according te claim 4, wherein'ﬁﬁe halogen-
ated promoter is a substance .capable of genéiating
halogen ions in the liguid reaction-medium;

The process according to claim 20, whe;ein the halo—
genated promotei is selected from substances capable
of generating bromide ions such as hydrobromic acid
and its salts soluble %n the reaction medium, such as
alkaline bromides. |

The process according to claim 21, wherein the pro-
moter is hydrobromic acid. |
The process according to claim 4, whereiﬁ the'coﬁcen—
tration of the halogenated promoter rahges from 0.1 to
50 mg per kg of'solution.

The process according to claim 23, wherein the concen-—
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PCT/EPO / 09076 CLAIMS™ :1. An integrated process for the p@gﬂgﬁ}(ﬁﬁ )
conti:nuous of epoxi-des by the direct oxidation of an oIe in wth ydrogen

per oxi de whi ch conprises: 5 (a) preparing an al coholic or hydro-al coholic
sol uti on wafodmpdroogen peroxi de in a concentration of over ﬁ&&myoymmbght,
usi ng a gaseous stream contai ning hydrogen, oxygen and an inert.gas, in
the presence of a binetallic catal yst based on palladiumand pl ati num as
10 active conmponents; (b) putting the al coholic or hydro-alcoholic solution

of hydrogen pegeyirderolifi frd hB1skERataY iproita@et rangéd &rorl &f ivoand a
buffering agent, in the presence of an epoxidation catalyst suspended in

the reaction 1§Os&bv%@&,Hd1dgrg%gu%qogbtaln a reaction mixture con- taining
the epoxide corresponding to the olefin, water and the alcoholic solvent;

(c) treat g@q theea dgfgeégg %tac%%hgavwg Sitfin (), wRdtSin Separaiéoa of

the epoxi-de, in order to elimnate “20 the nltrogenated conpounds present;

(d) feed ng’thgngh} R0 16 SOhNeRLOLLEnelul S d el Qasliete (8- glneThe

Pprocess accord aim1l ereln In step e treatnme of the

Sweoct or ot - 35E I BPE8R st s 0L hbbo MhaRtRa OB e ea - 1

hydr o-al c oI| solutlon contalnln sul fu a n bout .
10-50 nglgg &Iﬂ%r?ces%c?'co eg%écéigémt%ggto?hgrggﬁeg%%yogéﬁa

treatin the d tilled.solv act t carb ns or
~sul folnatged carB’It'EE’EE tae 'Frs?es;?ﬁﬁ &?9 %&9& é‘ﬁ%&?o < aﬂg(?%s s %&ghné%o?r{ﬁglslse: a
further step ( t.he ram/h C m_Xx- ture aof . th éhash

wh
col unm botton1§érﬂ§égE? Qﬁ?%&?hgﬂ E%gq;%éﬂéh?ﬁ S SR &Fo%ﬁ%%%o

sol ution of hydrogen 10 peroxlde | eaving step (a) to the val ue reqU|red by
t he epoxi dati ofSpl % onic acid

10 27. The process according to claim 26; wherein the acid
. promoter is sulfuric acid oxr phosphoric acid.

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

15 28. Thé précess according to claim 28, wherein the concen-
‘tration of acid promoter ranges from 10 to 500 mg per
kg of solution.

30. The process according to claim 4, wherein in the gase-
ous stream (ii} thé concentration of hydrcogen ranges

.20 from 2% to 4% by volume and the concentration of oxy—
gen ranges from 6% fo 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

25 gas 1is nitrogen.

44



4. The process according to claim1l, wherein step (a) fo he uction
i n continuous of alcoholic or hydro-- alcoholic solutionép8$nﬁ9§%g§en o
per oxi de qﬁﬁg' es: 15 (a') feeding to a reactor, containing a catal yst
based onwg)a um and plati num heterogeneous and kept i RC ’&P%@P%“i onin a
liquid reaction nedium (i) a liquid stream consisting of an al cohol or an
al cohol -water m xture with a preval ent al coholic con 20 tent, containing an
acid pronoter and a hal ogenated pronot'er. (ii) a gaseous stream containing
hydr ogen,3Zoxy J&¢ @bcesd iavaardjary ehapheinr f zevhereinaint hBecEagentrati on
of hydrogen is lower than 4.5% by volune and the con- 25 centration of
oxygen is | owsrug hahred®s Hyivolulvee, okigen0 @iFepe usrpr2des WS 027 12899

PCT/ EPO1/ 09076 conpl enment to 100 being an inert gas; (b') renoving from

t he reactor: (daw)matergaldpstteeanr essdrtiiaattialdgnsparengxyfgaihe €8tream
(1) and al so containing the hydrogen peroxide 5 and water produced by the
reaction, charmigtterd zedrj n domdtaithismgoficent ral i bn HO*hydEogety et oricde i S

hi gher than 3% by weight; and (iv) a gaseous stream essentially consisting
of n®n-react ed iy drlog eromnes Dxygenodndhiches ireaint e HWOihg Bheughdcess
according to claim1, wherein the catalyst 1in step (a') contains palladium
in a quantity dganghag defsiomd). dalee 3%bythei giddianidmpl afi runmsuntabgeantity
ranging fromO0.01 to 1% by weight, with an atomc ra- tio platinum and ‘
pal I adi um r angigig:driiratlii0® f dnels: 1904 100. 6. The process according to
claim5, wherein the catalyst contains a quantity of palladiumranging
fromO0.430 2%dypmeiadd abdoadgHantid YcDiipl al i ntangi #ige f 1.061140. 02 to
0.5% by weight, with an atomc ratio platinum 20 and pal | adi um rangi ng
from 1/200 t o AQ/HRP. (11 )TheeRt9aESSLIACCOEHLEROrt Bagl &l MESncwhekaihohhe
cata- |lyst, in addition to palladiumand platinum contains another netal

sel ecg ed fromdhesg gl YeR-oWilde HaddBing From 4% to 10% by weight.
34.. The process according to claim 4, wherein the iiquid
stream (iii) is separated from the catalet by means

of filtration.
35. The process according to claim 34, wherein;the filtra-
15 tion is carried out using filters situated inside the
reactor or extefnally by means of tangential filtra-

tion.

'36. The process according go claim 4, whérein thé gaseous
stream (iv) leaving the reactor, eésentially consist-
20 ing of non-reacted hydrogen and oxygen and the inext
gas, contains a volume concentration of hydIOgen equal
to or lower than 2% and a volume concentration of oxy-

gen lower than 18%.

37. The process according to claim 36, wherein the gaséous
25 streamn (iv) leaving the  reactor, contains a volume
43



8. The process according to claim7, wherein the netal i nium
rhodium iridiumor gold. 41 8 February 2005 WO 02/14295§E%%§%gg??§9076'9.
The process according to claim4, wherein the catalyst- - is prepared by

di spersi nWQ 84289t i ve conponents on an inert carrier by nREnVEP09076
precipitation and/or inpreg- nation. 5 10. The process according to claim
9, wherein the inert «carrier is selected fromsilica, alumna, silica-
alum na, zeolites, activated carbon and activated-car- bon _functionalized.

with sul fonic graupsntdakidkheoragassgaacebdigigqt Erehaion L0towheti byt he
carrier 10 is an activated carbon selected fromthose of fossil or. natural

origin derivingdinam wand, dighihfe RESHcOltEOEIN!T o8N hbayéng rangtinkace
area higher than 300 nR/g. 12. The process according to claim1l1l, wherein
the carrier 15 $,5m@n ayd ijvad ed carbon having a surface area which can

reach a value of 1400 nR/g. 13. The process. according to claim 12, wherein

the carriegg isrih @£btygd edcCariongith A 84 fAceRELSiAi gher ghlRabus600
n2/g. 20 14. The process according fo claim1ll, wherein the acti- vated

carbonshas a Wt Aeth CORLENI e dvin dNa Ry OFeasLAECOIl BackR1EkA ) 4 rgher i n

t he catal yst spersed int eaction nediumat a concentration
i f 0. . 109% [ 1 [ +agl ai
15 uher el nt e SrE 28 D R T BB05 2R D2 11306 BT ER0L 89578 Pyt 15
| spersed in t é%&é&%ﬂ*ﬁ?&é’é@ﬁﬁt E8PCST1R§I§5\'%§§?V angl %hgla]ﬁllftgu_ do% to

by weight. 17. e process” according to claim eint _ stream
(1) joonstots of el gebolp Lol cglofd G cyS ool gs i goll share o
addition of H, and O, used up in the process. o
10  39. The process according to claim 4f'£herein the gaseous
" stream (iv) leaving the reactor is fed to one or more
subsequent reactors operating analogously to that de-
scribed in claim 4, after adding each time-arquantity
of hydrogen and oxygen essentially equal to that.used
15 up by the reaction which takes place in the single re-
| actors.
40. The prbcess.according to claim 4, wherein the reaction
is carried out -at a stemperature rénging from =10 t5
60°C; |
20 41. The process according to claim 40, wherein the tem— -
perature ranges from 0 to 40°C. |
42. The process according to claim 4, wherein-the reéction
is carried out at a total pressure'rangihg‘from‘l té
300 bars.

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

46



18. The process according to claim1l7, wherein the al coh s anol .
19. The process according to claim17, wherein the m xt Bér’iéebrkary@bg m xt ure

of met hapglyz/ande wat er containing at |east 70% by wei ght gdprmahadngl . 20.
The process according to claim4, wherein the hal ogen- ated pronoter is a

substance capabl e of generating halogen ions in the liquid reaction
medi um 15 21. The process according to,claim 20, wherein the hal o- genated

pronoter is sg)lr%%t,sqg:g r%ﬁgs&g)sflaﬁﬁ%?c&p & lrglf:sgenerati ng brom de ions
' b

such as hydrobrom c aci and 1ts salts soluble in the reaction nedi um

such as gl kal iT@l:%Slf_{]y 'r%%g.aggggdgﬂs Jﬁm_ho%ﬁgima%corﬁ{%d{lrggg%%i %é%ﬁqoger ein

t he pro- noter romc aci e pI’OCGS§ accor

sherein the cqnoen-; Z3.{42ti00 of1the halogenated proTml st fanges hgom 0. 1

to 50 ng per kg of ‘solution. hé "pr ocess accor craim

wherein the ¢ - Febr uar 005 WO 02/ 14299 PCT/ EPQ1/ 09076, tration
of the hal oge%%%%&%ﬁ%n%@%r%Bgnaglre%a%ztrloo% 1% 0? ]f(flr?gl?é"rc k%y% ol ﬁpi—on. 25.

The pLocess a cording to claim4, wherein tﬁk:elﬂaci d pronmoter is. selected
fr om 3ubst anc&§Eapdbl %nofe%tle%%gl-v% SPPRGR RSUPEERN SHIRCYSH PR&SPeacti on
medi um 26. The pr.ocess accordi to claim?25, wherein the acid pronoter
e sl ectod 1 AGRRLAOERARC: S TR o e Tk Fe 16 SHAGSPROITC, hi tric
acid. or gapic acids such as sulfonic_acids. 1Q 27. The proces

accordin Q‘{'o &h&i ﬁ%e%e?%?%r@ﬁ%gagpdClBFB‘rrét’erW %‘fe’s]tﬂfE]?‘rgcrﬁﬁF SBr
phosphoric aci.d. 28. The process according to claim4, wherein the concen-
tration of acid ﬁﬁgﬁﬁ@d RS SELSHES £62E00F Sy PP Lk grFCedr &t PBn. 15

29. The process according to claim 28, wherein the concen- tration of acid
promot er rang88STidht10reRF 500S myifdr IQfefnab| g Gkternal circula-

10 tion. -
46. The process according to claim 4, wherein the resi-
dence time of the liquid medium in the reactor ranges
from 0.05 to 5 hours.
47. The process according to claim 46, wherein the ;esi—
15 dence time of the liquid medium in the réactor ranges
from 0.1 to 2 hours. |

48. The process according to claim 1, wherein step (b) for

the production of epoxides comprises::

y

(1) feeding the liguid stream (iii) leaving step'(a)

2Q ~ to a reaction unit consisting of one or more reactors

containing the epoxidation catalyst suspended in the

'.reaction solvent together with the olefin, hydi;ogen
peroxide and a buffering agent; | _

(2) feeding the filtered liquid product leaving the

25 - reaction unit is fed to a distillation unit consisting

+7



30. The process according to claim4, wherein in the gasg; am (ii).
t he concentration of hydrogen ranges 20 from2%to 4@6by§58ﬁﬁ§@ﬁ%k§ t he'
‘concentration of oxy- gen ranges from6%to 18% by vol ume, the conpl ement
to 100 bWBiep/M% nert gas selected fromnitrogen, helium rpandrer/gomns 31.
The process according to claim30, wherein the inert 25 gas is nitrogen. .
44 8 February 2005 WO 02114299 PCT/ EP01/ 09076 32. The process according to
claim4, wherein in the gase- ous stream (ii) the oxygen can be supplied

using as raw g eidl o PURELOT sEHDSH ARG T 8F1 YsRYT BoRXMEEN, o8B~ Fhir-cBgdnai I,
containing from21 to 90% of oxygen or 5 air, the conposition of the stream

then being brouglicrde bhe wesiFed-ssaldieyhy: | h%oagngi'%aiiq{‘ é’fgfoéﬁi:’caglte

concentration of 1nert gas. 33. The process according to claim-4, wherein

hydr ogan per ox| G 1 GRGURG T LR 1D TO0By Hecan. S The Pt
catal yst by mednt iR rarebn: 260 e R At eRE B Rl
the redctor or S e hal 19055 TRERC 4 elysiial i ot Ry BB bR,
Ceactor, essentiaNTy Femet it 2B ingt O hime: kot BaHy AR Ggen and oxygen and
| over than 9% Al & GOHING CoRCETRYATT ot oFh oo ChaR PEnePet AARC i3 57
The process accordi wherei n the gaseous .25 stre i

ng to claim36,. ) m (iv)
| eavi ng t he redctdt ,lﬂbjomta%ﬁ’n% EGITRpR B0 ‘?@%Fu%gyC?GESSW@ZP%4?g§"

or more reactors situated in series containing a sup-

10 ported decomposition catalyst ha€i§g the function of
"decomposing the residual hydrogen peroxide intc 0, and
H:0;
(4) feeding the mixture leaving the decomposition unit
R4, essentially consisting of solvent, oxygen and wa-

15 ter, together with an inert gas to a phase separator
V4 to obtain, at the head, a gaseous phase containing
oxygen, inert gas and traces of solvent and, atrthe
bottom, a liquid phase consisting-bf solwvent, water
and feaction by-products; |

20 ' (5) feeding the gaseous phase leaving V4 to a conden-
sation system Consisting of one or more.condensers in
series for the recovery of the residual solvent,
whereas the non-condensable compounds {oxygen and in-
ert gas with traces of solvent) are discharged;

25 - (6) feeding the solvent leaving the condensation sys-—

43
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.PCT/EP01/09076 concentration of hydrogen ranging from 0. 0.1, by
vol une and a vol une concentration of oxygen rangi ng fro%?g&iugrylg&ﬁ 38. The

process cording to claimd4, wherein the gaseous stream (iv) |eaving the
r eact or ﬁ@’@%@?@|ed to the feeding to the reactor, afterPETEEM 7% rom t he
system the fraction necessary for elimnating the quantity of inert gas
charged in excess with the feeding and the addition of H2 and 02 used up
in the process. 10 39. The process according to claim4, wherein the
gaseous strearmel AN ebliendionédr @hass 1eavendt Jione drhemddstibiaguent
reactors operating anal ogously to that de- scribed in claim4, after adding
each time a qideny tgolwin hGardgén ardasitygentesdentieald,y dypasotvenhat used
15 up by the reaction which takes place in the single re- actors. 4.0. The
process. accomliicg t dscluzgeydledihépei bhe heraasitidoonuniis cheri edrngut aat a
;tenperature ranging from-10 to 60C. 20 41. The process according to

cl ai m 40, whepgioduktie tam tiperadbiteny apgeerfrichly taiGtURry Jherprocess
according to claim4, wherein the reaction is carried out at a total
pressiire rangiaegibnomaketo ard@DEHadar sshig«3. wThie phecegdragenrdengxto claim
42, wherein the total 46 8 February 2005 WO 02/ 14299 PCT/ EP01/ 09076
pressure rangésef, r a4l itcey o hardictel. arldietproeesst ascbrenig wwhichai m 4,
wherein the reactor is a reactor suitable for operating in continuous and -
carrying out tikedfieatisreed;n a triphasic system ob 5 taining an effective
cont act between gaseous phase, |iquid phase and the catal yst kept in _
suspensi on. 437)The:qd0t@sshaceebdutd tar cthabMéadWker eilte t SErippehaer s
selected fromstirred reactors, bubble reactors or gas-lift reactors with

internal or exbeuhal(sgi Mkl wWilteN 145 . vdie Progesss as£otlgk ngeho-cl ai m
4, wherein the resi- dence time of the liquid nediumin the reactor ranges
10 tors to a distillation column C4 te wbtain a product,
at the head, consisting of non-reacted olefin,.recyﬁ
cled to the reaction unit, and a product] at the bot-
tom essentially consisting of oiefin oxide;
(8) feeding the product at the bottom of the distilla-
15 tion column C4 to a purification system C5.to recover
-the residual olefin, recjcled to the reaction unit, a
ligquid phase.essentially consisting of solwvent, recy-
-cled to the flash colump(s), and the olefin Qxide with
a commercial purity.
20 49. The process accordipg to claim 48, wherein in Step (6)
the solvent leaving the condensation system and the
ligquid phase leaving R4 are fed to the distillétion
column C6-A together with a diluted aéueous or hydro-
alcoholic solution containing 10-50 mg/kg of sulfﬁric

25 acid with respect to the total stream.
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fromO0.05 to 5 hours. 47. The process according to cl ai _wherein the
resi- 15 deuce tinme of the liquid nmediumin the reactornbi‘%'é’?%é@r% 0.1to
2 hours. 48. The process according to claim1l, wherein step (b) for the
product i WOdR/14}98xi des conprises: (1) feeding the liquid secEaPifiodie)

| eaving step (a) 20 to a reaction unit consisting of one or nore reactors
contai ning the epoxidation catalyst suspended in the reaction sol vent _
together with the olefin, hydrogen peroxide and a buffering agent; (2)
feeding. wbe firhkepedckisguiadcpi-aduet tleavidig t4 Aereactiion sditvens fed
to a distillation unit consisting 47 8 February 2005 WO 02/ 14299 o

PCT/ EP01/ 09076 18hvang QIhdDESnddnisRPLNE Chisah éﬁﬂuﬁﬂé,lyﬁhfdﬂpﬁagél
reactor of the reaction unit, to obtain a product at the head essentially

consi sting of obgking0¥iyde aNdedneBwaeE thOliRit tb N ar s 0Odust i Biat he

bottom essen 5 tially consisting of solvent, non-reacted hydrogen

peroxi de, wat et ;aRd daaeki Qs - REAAMEL S +h3) aEeadisdd e Pradugdy atot he
bottom of the distilla- tion unit to a deconposition unit R4 consisting of
. . " : . > ! Ced

deconposi t1 on Gar Syt Baig PhaoPECd on o T e o vl
hvd . . "0 . ‘ . . h
decomposi Eron. nhe: PReRs Bortifly €0 IR oy ALY eng PP .
15 ter, togethgr Wit an i aekl 9as .t 2 ahase enaral oFy4d 0, obbalfl at
t he head, a gaS€ous ghase contarni Nng ~ oxygen, inért gas and tracés o

I t d, t bot t | i quid_ph i Stj f I t, t :
and reacton bYSpPaddd SIERF (B FEEAFA S Ne babtats PRESEEadngtYa o a
conden- sation tem consi sting of .qne or re condensers in erjes for
Che recovery ofSthe PRSPARS DOl BOMLEL oG uaEnnd TR RbrAE b att cis

conmpounds (oxygen and in- ert gas with traces of .sel vent) are di scharged;
rTplO ( ygogtom. 9 ) 9

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, fhe sol-
vent without light products, recycled to tl2 hydrogen

15 rerocoxide Synthesis reaction, and a concentrated stream
of light products, at the head.

53, The prdcess.according to claim 48, wherein in stepl(6)
the solvent at the head of the columﬁ C6-A is recycled
to the hydrogen peroxide synthesis reaction éfter

20 treatment with activated carbons, sulfonic resins or
sulfonated carbons. |

54. The process according to claim 48, whe:ein the xreac-
tion_unit cénsists of three reactors‘Rl, R2 and R3.

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

25 the olefinh is selected from'those havihg geneial foxr-

h
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25 (6) feeding the sol vent IeaV|ng t he condensatlon Sys ége 4@ gruary
2005 WD 02/ 1- 1299 PCT/ EPO1/ 09076 ter. and the |iquid phas&er&ayi §V4 to
the distjlla- tion colum C6-A to obtain, at the head, -, the solvent which
i s recycP@%1d2%he reaction unit (a), and a product, at PRZEBBVIIBTH
essentially consisting of re- action water and that charged with the

hydr ogen perox- ide, reaction by-products and traces of solvent, which is
di scharged; (7) feeding the product at the head of the stripping colum(s)
t oget her wit hittHex viéhnt products of the reac 10 tors to a-distillation
colum C4 to -obtain. a product, at the head, consisting of non-reacted
olefin, recy- cled to the rﬁgctlon u , and a product, at the bot- tom
essentially consisting of olefin oxi ; (8) feeding the product at the
bottom of the distilla- 15 tibn col dm C4 to a purification systemC5 to
recover the residual olefin, €8€y6led to the reaction unit, a liquid
phase essentially consisting ¢gf solvyent, recy- cled to the flash colum(s),
and the olefin oxide with gbconnerc' | purity. 20 49. The process
accorging to claim48, wherei'n in step (6) the solvent |eaving the
condensati on systemand the |I|iquid phase leaving. R4 .are fed to the
distillation weelddih .CRA RggeRheanw Ry, attikel Watk aspie@usferefydr oan

al coholic solution containing 10-50 ng/ kg of sulfuric 25 acid with respect
to the total Mrdferd Rebrlam 2005 ca Wi 024 14288 PCTLEPO1£Q9936 50.
The process accor ing to claim49, wherein the solvent |eaving the

condensation s\eh@m and éﬂ?l|t&&iéaphaamyh%wngza\éﬁﬁle Weeh t owerds the
bottom of the distilla- tion col um - whereas the acid solution is fed

to 5 a hei ghttoecy@lcglcb@}p%mgéB of & chllq@q its8ldal a;ltﬂ'hgr@rﬁogess
according to claim49, wherein the sofvent
i0 to 10 carbon atoms, an alkylcyclo;aikyl 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 R;, Rs, Rs and
Ry, can form, in pairs, saturated or unsaturated rihgs
15 and can contain halogen atoms, nitro, nitrilef,sul—
fonic and relative ester groups, carbonyl, hydroxyl,
carboxyl, thiol, amine and ether groups. | |
57. The process according'wto claim 55, whereiﬁ.,olefins
having formula (I) are: ethylene, propylene, allyl
20 ‘chloride, allyl alcohol, butenes, pentenes, hexehes,
heptenes, octene~1l, Il-tridecene, mesityl.oxide, isb—
prene, cyclo—octene, cyclofhexene ox bicyciic _com-
pounds such as norbornenes, pinenes. |

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

25 . 1s propylene.
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IeaV|ng t he head of the colum C6-Ais fed to a colum der to,
separate the |ight products at the head, whereas the pd&???gﬁwggﬁéent is
separated at the 10 bottom 52. The process according to claimb51, wherein
the streaypodtiyddbe head of the colum C6-B is sent to a digdtkb@medison
colum C6-C, to recover, at the bottom the sol- vent w thout |ight

- products, recycled to the hydrogen 15 peroxi de synthesis reaction, and a
concentrated stream of Iight products, at the head. 53. The process. ‘

accor di 19550, ChAEMhrAlesUNgbeblat oo L8P ik e Splasent dind herdigad of the

colum C6-Ais cIe rog n peroxi de synthe5|s reaction after 20

t r eat ment mﬁtheﬁgthggtgdgﬁ?gpgrgf gﬁ%&oqbe resins or sulfonated carbons.

54. The process accordin wherein the reac- tion unit consi sts

of three act 0 jal,
wherein i 8Ste bg%ggR%ﬁe Fggln 'S seleca&l%§30n1 %%%gihaV|%% general for
50 8 February 2005 MO 02/.14299 PCT/EP /0907 nmul / ===C

11 R R4 whef&F nlSRia %3?? drd ?24 Re™ s%ﬁgmo%tga%r? ere% rﬂ% wngﬁ

hydr ogen,” an al k radical wth f 20 carbon ., atons

P o al Ryl 8 AR A PFo 'r%%f 0ot RhRphreR: SR Bt 05 iy
radical wwth from6 10 t %0 car bon at ons, gn al kyl cycl o=al kyl radical wth
from7 to 20 cBFBBA™&t EB1CfHhe Cpr HERELE &Eﬁrdlng to cIa|n155 wher ei n
in the con} pounds haV|ng formul a (I% t he radlcal%gRl R.2 qg R4,
can form ofn phPPsPLOSEFFatEE oG idE atur &tai®r flgs ™ I&ﬁ&'éﬁﬁad%%? it

hal ogen atoms, nitro, nitrile, sul- Tonic and relatlve este roup
carbonyl . hydr 89§}l TO EaPDERFFELPRI SR TaFORG IaTiE GUher QR UpLeE LR,  Fe-

cycled olefin or their mixtures.

10 62, The process according to claim 61,=ﬁ;erein, before en-
tering the reaction unit, the fresh olefin is purified
in the distillation column C4.

63. The process according to claim 48, wherein the liqu;d
stream (iii) is fed to step (1) sd as to.haVG a_molar

15 ratio olefin/H;0; ranging from 10:1 to 1:10.

64. The process according to claim 63, Wherein'the molér
ratio dlefin/Hﬁh ranges from 6:1 to 1:1. |

65. The process according to claim 48,,wﬁerein the solvent
used in the epoxidation reaction consists of an élco—

20 hol or mixture of C;~-C; alcochols or a mixture of said
alcchols with water with an alcoholic content higher
than 50%. |

66. The process according to claim 65, wﬁerein.the alcohol
is methanol. |

25  67. The process according to claim 65, wherein the mixture

h
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" 57. The process according, to claimb55, wherein olefins ing f la (1)
~are: ethylene, propylene, allyl 20 chloride, allyl alcoﬁgﬁgmgdgég@g? .

pentenes“mhﬁ%gﬂgs, hept enes, octene-1, 1-tridecene, nesiﬁéhgﬁéggﬁwiiso-

prene, cycl o-octene, cyclo-hexene or bicyclic com pounds
nor bor nenes, pinenes. 58. The process according to claim57, wherein the
olefin 25 is propylene. 51 8 February 2005 WO 02/ 14299 PCT/ EP01/ 09076 59.

The process according.to clai m58§, ereipn the propyl-.ene ha urity of
over 70% 60. Fhé& 8&%@@% aé}gl"}‘ﬁ%%f ﬁﬁ?@%l?ﬂea%rgﬁgﬁlg ene is
avail able as a stream from steam cracking with a mninmmpurity of 96%
the remai nder '@n&Vstei@ghds oMt dnd typical C3 inpurities. 61. The
process according to claim48, wherein the olefin fed to the reaction unit
consi sts &F- f Tdsh PBlosTass, aceordidiedoleain of 8+ HErered it GRresbuides2. The
process according to claim6l1, wherein, before en tering the reaction unit,
the fresh ol efing &gyl i 5 edelprtede foo8Y MR igh cHIERl @, 268TatRe
process according to claim48, wherein the liquid stream (iii) is fed to
step 1) so asmmonimavefermiviiee ©I5ar YV eEPREHIORNPamfi Ry RASKPI0: 1 to
1:10. 64. The process according to claim63, wherein the nolar ratio

ol efin/ 22 r arged el base B al selipFhemwoprvidds samcedgdithg 06 éhai m 48,
wherein the solvent wused in the epoxidation reaction consists of an al co- °
20 hol or m xtomgendfc @53i@4 al cohols or a nixture of said alcohols with
water with an al coholic content higher than 50% 66. The process according
to cl ai m&h, \iher prodass alcoohaling daretleaino| 48 256168 e Thetpe obvgseaccor di ng
to claime65, wherein.the mxture 52 8 February 2005 WD 02/ 14299

PCT/ EPO1/ 09076ng agent is fed in continuocus with one of the reagent

10 streams fed to the epoxidation rééctor, in such a
quantity as to maintain the pH of the reaction mix-
ture, measured under operative conditions; at a value
higher than 5. | | |

70. The process according to cléim 69, wherein the pH of

15 the reaction mixture is maintained at a valﬁe ranging

from 5.5 to. 8.

71i. The process according to claim 1, wherein the epoxida-
tion catalyst:of_step jb) is selected fron titanium-
silicalites with an MFI structuré, titanium-

20 silicalites wifh a MEL or intermediate MFI/MEL. struc-
ture oﬁ beta zeoiites containing titanium and having a
BEA structure. |

72. The process according to claim 71, wherein the cata-

- lyst is selected from titanium-silicalites having gen-

25 eral formula (II):

t
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is a mxture of nethanol and water containing at |east % ght of |
nmet hanol . 68. The process according to clain?48, mhereing?ﬁggéﬂﬁﬁgg- i ng
agent is selected fromamoni a, amoni um acetate, 5 anmonium fornul ate or
a systemwOAi€PIng of a nitro genated base and a salt thayGFEPMMLITE an :
organic or in- organic acid 69. The process according to claim48, wherein
the buffer- ing agent is fed in continuous wth one of the reagent 10
streans fed to the epoxidation reactor, in such a quantity as. to naintain
the pH of the reaction m x- tur asyr Ader operative conditions,. at
a value higher than 5. 70. Thee%$g§%§g”§g%%§%ing to claim69, wherein the

pH of 15 the frastionM-xhye8 FeofBoNbBbNEEcAn @4val ue ranging from 5.5
to 8. 71. The process, according to claim1, wherein the epoxida- tion

catal yst 6§ stepe(bloisselpctadifdomd idBMHny2 s Wihedldikes nvitde & -V
structure, titanium?20 silicalites wWwth a MEL or internedi ate

VFLJ VEL. SUruc- Lyt nOLs beLa12¢0l i LS tCOR 8hl RYridiani WY afibhiamiie BEA

structure. 72. e process according to claim 71, wherein the cata- lyst is

sel ecteed fromyjtani sid | it i n- f qr.oul 71— 8
Februdry 2005 Wb 0311505 BEH 0 I A s b oo PALRF Ry B uRar o
ranges from 0. 98% to 0.04. 73. The process according to claim72, wherein

inthe ti- tantums&ilicalite, part of the titaniumis substituted 5 by
metal s se%gct from borgn
0

accor di ng c ?rﬁﬁ?cﬁﬁgréF%E%ﬁgﬂggkgi%sgigéégaﬁééﬁéiﬁigggﬁ% g_éggsss |
POV |l Lot 24 LT 05 SRS 0o XU lecor ety copuenent mysieal
be,used [ = combinas o Wil s o0, 9ol oh SuSRILS eshaeted from,
10 75. The process accerding to claim 741:ﬁherein the cata~-
lyst can be used in a combination with a ligand {(co-
gel) or a carrier selected from silica, alumina, sil-
ica—-alumina, zeolites ox activated carbon. |
76. The process according to claim 1, wherein'the quanfity
15 of,catalySt used in the epoxidation reaction ranges
from 1 to 15% by weight with respect to the reaction
mixture; |
77. The process according :to claim 76,lwherein_the quan-
tity of catalyst ranges from 4 to 10% by wéight With
20 respect to the reaction mixture.
78. The process according to claim 1, wherein the epoxida-
tion reaction is carried out at a temperature raﬁging
from 20 to iSOQC.

79. The process according to claim 78, wherein the tem-

25 perature ranges from 40 to 100°C.



.76. The process according to claim 1, wherein the quant"gt‘:%brml:1 ?doscat al yst
used in the epoxidation reaction ranges from 1 to 15% by welght Wth
respect @ dbi§oo€action mxture. 77. The process accordi % i m 76(
wherein. the quan- tity of catalyst ranges from4 to 10%%%%\%“?6 7{i‘with 20
respect to the reaction m xture. 78. The process according to claim1,
wherein. the epoxida- tion reaction is carried out at a tenperature ranging

from20 to 15QC. 79, The_process.according to imJ/8,  wherein the tem 25
ber at ur o Sanaddier (BRPI0ET b rbHERiEd” 5 FabPhlr y/ FookbuEr b/ Tasogt o

PCT/ EPO1/ 09076 80. The process. accqrding tq claim79, wherein the tem

per at ur e rang??%%%%paﬁg%%m@l%%ﬁé’ goless according to clai m 54,

wherein the reac- tors Rl and .operate _at, a nperature qQf 55-75C and 5
N or esoultof 85 WSS qaPHer THa: be A Suftr I o0 WHETS4 o dsor B ET e of
70-90C and a pressure of 8 bars. 82. The process according to gl aim48,
Wherein the d&O8m Flodd 7 CBEEAES 251 o CHRRRIA TR oo Bet o dEf s

carried out at a tenperature ranging from80 to 90C, 10 with a residence
ti me Pangi ng fr FREEFF AP H hutlesrs, ghd TheeprseederadcorRHG 1% cthi m 82,
wherein the resi- dence tinme ranges from2 to 5 mnutes. 84. The process
according to @ &°MPAT2tMTE &ith T0n@0ckt and s Rr qfsBHrs P e Rfedonposition
reaction of residual 15 hydrogen peroxide, consist of nmetals of group VIl
or thei B2oxi d8§. e CeFe FFrGTEENAdcordl Ayt §8el FerEdn e d9CRe epoxi -
dation reactors are selected fromstirred reactors, bubble reactors,
gas-lift reackesdbtiionh kaaethal orf 20esiddirdal hydreogient | pAroxidSTR s
(Continuous Stirred Tank Reactors) or PFR (Plug Flow Reactors). 86. The
process accor dengitd ol mbd Wrpeiatthe rengingofsor]l 80RTo RO A e of the
i sotherm CSTR type. 87. The process according to claim48, wherein the
decoh® 25 positiiconar ezcticlerRe ¢dnsi stagdhgodercar Indree KO xeidied .
83. The process according toc claim 82, wherein the resi-
dence time ranges from 2 to 5 minutes.
84. The process according to claim 48, wherein the cata-
lysts used in the decomposition reaction of residual
15 hydrogen peroxide consist of metals of group-VIII or
their oxides.
85. The process according to claim 48, wherein the epoxi-

dation reactors are selected from stirred reactors,

L
/

bubblie reactors, gas-1ift reactors witﬁ internal  or
20 external circulation or CSTR (Continuous Stirred Tank
Reactors) or PFR (Plug Flow Reactors).
86. The process according to claim 54, wherein the reac-
tors le R2, R3 are of the iéotherm C3TR fjpeJ
87. The process according to claim 48, wherein the decom—

25 position reactor R4 consists of one or more fixed bed

th
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,; 8 February 2005 WD 02/14299 PCT/EP01/09076 tubul ar reggbghanpsdoknged in.
series. 88. The process according to claim48, wherein the stri’p- :-pi ng

col utms operate under the sanme operating condi- tions and di scharge, at the
head, st Ma®8/1423%vapour phase essentially consi'sting of rRCFERHOPED
olefin, olefin oxide, inert products and sol vent vapour. 89. The process
according to claim48, wherein the "tem perature at the bottom of the
distillation colum C4 does not exceed 80C, with residence tines in the or

10 der of 1 m mubela90reabtorkl 06@STiRECANidtd-i<y cl ai m 48, wherein the:
purifi- cation colum C5 consists of two colums in series with a high

nunber of gpl at escant-SRRY @S rding Neo headim! 2%, Ay ARP WIS SEtEip—
present, at the bottom 15 |iquid stream containing solvent and ol efin

oxide and, | aekdl |ge1 s Asberats camaeansind | 8in@! BletlitifKi denahaving a

purity > 99. 89 The process according to claim48, wherei'n the conden-

sation heat regoveled, g hhe-Asadeof diherhal wando isigre%(&s“%%d 1 8SUPPlY
all the reboiling units present 'n the process. 25 56 .
5 phase essentially consisting of non-reacted olefin,
olefin oxide, inert products and solvent vapour.
89. 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 times in the or-

10 der of 1 minute.

90. 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 preseht, at the bhottom, a

15 | liquid stream containing solvent and olefin oxide and,
laterally, a liquid stream consisting of olefin oxide
having a purity > 92.8%. |

91. The process according to claim 48, whereih the conden-
sation heat recovered at the.head of the column Cé is

20 used to supply all the reboiling units present‘in the

process.

25





