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o {54) Title: INTEGRATED PROCESS FOR THE PREPARATION OF OLEFIN OXIDES

(57) Abstract: The present invention relates to an integrated process for the preparation in continuous of epoxides which comprises:
@\ (a) preparing an alcoholic or hydro-alcoholic solution of hydrogen peroxide in a conceniration 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 solztion of hydrogen peroxide obtained in step (a} in contact with an
olefin and 2 butfering agent, in the presence of an epoxidation catalyst suspended in the reaction solvent, in order to obtain a reaction
-~ mixture conaining the epoxide cotresponding to the olefin, water and alcoholic solvent; (¢) treating the alcoholic stream feaving -
step (b}, afler separation of the epoxide, in order to eliminate the nitrogenated compounds present; (d) feeding the alcoholic solvent
obtained in {¢) to step (a). The process may comprise a further step (e, wherein the raw hydro-alcoholic mixture of the Hash column
bottom, is used, when necessary, for diluting the alcoholic or hydro-alcoholic solution of hydrogen peroxide obtained in step (a) to
g the value required by the epoxidation plant. The process operates under high safety conditions and with a high overall efficiency, in
terms of productivity and sclecuvny .
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in the event of receipt of anendnents For two-|etter codes and ot her
abbrevi ations, refer to the "Guid- ance Notes on Codes and
Abbr evi ati ons"appearing at the begin- ning of each regular issue of the PCT
Gazette. (54) Title: I NTEGRATED PROCESS FOR THE PREPARATI ON OF OLEFI N
OXIDES (57) Abstract: The present invention relates to an integrated
process for the preparation in continuous of epoxides which conprises:
(a.) preparing an al coholic or hydro-al coholic solution of hydrogen
peroxide in a concentration of over 3 % by weight, using a gaseous stream
cont af ni ng hydrogen, oxygen and an inert gas, in the presence of a
bimetallic catal yst based on palladium and platinumas active conponents;
(b) putting the alcoholic or hydro-al coholic solution of hydrogen per oxi de
obtai ned_i n_st a) in contact with an_ olefin and a buffering agent, in
the pr eséH@EGBﬁTéi pOkidat iFGR dataBRSEARRSIERt&F I HHE [détticon sol vent
in order to obtain a reaction mxture containing the epoxide correspondlng
to the ol efi nThfaP&esard dnFerdice Jeilvdas anaﬁr%%ﬂqqﬁ?tQQH?QQQ%WmI|c
strean1|eaV|n% step (h), after separation of the epoxide, in order to
el i m nat éo€hé&hai Pﬁ@@@ﬁétté@ncé@p@@@d@mrﬁf Q;@)leﬁgédih’yg HHse dilusstiol i c
solvent obtained in (c) to step (a). The process may conprise a further
st epLl{ e) pxhdeicéon e anawlUeyfdino Waltdohaidue garx ngr@xgidet.he fl ash col um
bottom is used, when necessary, for diluting the al coholic or
hydro-alcoholMorsosgebéﬁi@alﬂwdr@@engpgﬁﬁxﬁdéﬂmmmﬂﬂmajﬁaiaﬂaﬂaﬂqﬁmio t he
val ue required by the epoxidation plant. The process operates under high
saf ety cobnikegrafisdandrewéeds a fumghtheerpldpafdtoendy, contiwposgsofof
productivity and selectivity. 8 February 2005 WO 02/ 14299 PCT/-EPO /09076 5.
| NTEGRATEEOPRDEESS d>CRIF HEORREPARAT| Y. CEhEOL BEIONuCKEDES. of The mlesent
invention relates to an integrated process for the preparation in
cont i nuotislat epoxhgésobyl tdiecditeeblulloaxidat hodrefe@npelrekidewiivh
hydrogen peroxide. Mre specifically, the present invention relates to an
i nt &g at edepreeessohobetivecpr dyaralgeon and eontdenaws thfe pmd%@)ﬂcﬁﬂbmm de-
consisting in the production of an al co-

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 solution'.of

25 'hydrogen peroxide obtained in step (a) to the value re-



holic or hydro-al coholic solution of hydrogen peroxide by 15 the reaction:
bet ween hydrogen and oxygen in the presence of a binetal Febraazy y310bhased
on pallagjun1or pl ati num as ac- tive conponents, feeding said solution to
an epoxi YR 04%Pr ocess of propylene in the presence of arPSHRMEM on

catal yst, and feeding the recycled al coholic solvent |eav- 20 ing the

epoxi dation plant, suitably pretreated, to the hy drogen peroxide _
production plant. The process may conprise a further step (e), in which

t he raw Ipdredabsofdle criscdatian gflagte flash col utm bottom is used, when
necessary, for diluting the alcoholic or hydro-al coholic solution of 25
hydr ogen per ofpdeiolstsai ned iglefiigp ¢uldew, t keevalinberwegipepsuahi 2005, WO
02/ 14299 PCT/ EP01/ 09076 quired by the epoxidation plant. Epoxides, or '
ol ef i n oxiagdede arsed nferméticatreepaiathoncarf e wsed feriehy pfegamati on of
a wde variety of com pounds- For exanple, epoxides can be used for the
produc 5 poumdsof Epwycekspptendepsatiden pahyriery susedhfas [fdley gstcehss— or for
the preparation of internediates used in the synthe- sis of polyurethane
foans5 eldstronef sglgealis, antbraiemdauionpreaducsiscs Cancent st geline sigires
adopted on an industrial scale 10 for the production of propyl ene oxide
(PO arechased ghe pregesSeEsiof & himfeahediian ean digard cas sas: \dvatihedi r ect
oxi - dation with hydroperoxides as oxygen source. In particular, the

comer ci aliisz eslif chborainedihamepr Deess, endstyrerthe sauaitdheans ofimpiriepyl ene
chl orohydrin (PCH and 15 subsequent dehydrohal ogenati on of PCH to

propyl engredudes.(PO . This process however has the follow ng

di sadvant ages: - the production of high quantities of aqueous effluents
(40-60 Kg/ kg efirPEhtContahRbnggsedi Wilogtceal §h UALhi R118€81ia R0 scallke
coproduction of chlorinated organi c products which, depending on their
end-use, FEREStiNdergenSHilabl §r t beaby1BRAL .o IRCesses Ak OKhdalli @h
preferably use ter butyl hy- droperoxi de and et hyl benzene hydroperoxi de as

hydro- 23 pek%ideS;i 2 chlorchydrin and processes via indirect oxi-
dation with hydroperoxides as oxygen source.
In particulai, the commercialized chlorchydrin process
involves the synthesis of propvlene chlorohydrin (PCH) and
i5 ‘subsequent dehydrohalogenation of PCH.tx) propylene oxide
(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.



8 February 2005 WD 02/ 14299 PCT/ EP01/ 09076 These pr ocessg&egﬁgﬁ,e%doge
formation of a higher quan- tity of co-products of commercral I’niefest with

respect @ o2RQ290F0r exanple, the process via ter butyl -hqu?qgﬁﬁ%apje
co-produces 2.5-3.5 Kg of ter butyl alcohol per Kg of PO, ereas that

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 PQ,and the respective_cor. products.is nat suitably bal anced.
For exanp! e, HOES HE AT ST GPor SHOTET ARRBLE b FRE (FOHE or
butyl alco- hol. is high, the econonmics.of this prqcess are conpetjitive
with those o ?%ec%r%lé(gggcéﬁaoghf:8f”8ﬁ§8|1?h, 1 tﬁétrpe\ﬂ(}csé’“ltmslées%? ‘cebRes are
not econam c. O her s thetilgz t echni %ues for the_ indirect oxi- 15,&ation of
propyl ene 1 nvot e S e of “fyBFBGERS pericki HET s sSBREF AP EYOEERSi st i n:
1) synthesis of hydrogen peroxide;. and 2) its use jn_the epoxidation
process 'Ot eec‘negtlg_%r%pgfgeﬁ’é %rdég.utzﬁbl Aﬁi@%@lsﬁleﬁt EnLofFRR02 are
typically obtained_ in- dustrial li by means of a conplex two-step process.
In thPs "BroE8ss &N&d utiten BFLUAPRRAGEE noREdIreneRoasdBuUt §PAEPIA“EFui none
or ethylant hraqui none;, in an organic mediuminmms- cible with water, is
first hydrdgénat &¥ &Hd THEERXIRR%Z W 25 WQh air to produce H202 which is
subsequently extracted in 3 8 February 2Q05 WD 02/14299 PCT/ EPO1/ 09076
aqueous phase ITFhProfdcess9f Shava sios 4§ Heathikm ebstEteks iadng from
the investnent necessary for setti gg up the conpl ex production unit, the
necessi t yWagftasigpar &t i hge aheddesposialy &0 t Badoytpeodueenegbheeat@eduri ng
the oxi 5 dation phase, and purifying and reintegrating the anthra- quinone
sol ut i on Hyedycd s tiss r solsesuit dulcondahenhed - f dion hexpnodact Wdueroftiydr ogen
perox- ide conprises the use of secondary al cohols such as isopro- panol
and het hylevemzy | fgcohbyréyS 2r 87WBE,10HhtEMSY8E888) ter butyl alco-

hol, is high, the economics of this process are competitive

with those of the process via chlorohydrin, otherwise these

processes are hot ec:onbmic.

Other synthetic technigques for the indirect oxi-
15 dation of propy_lene involve the use of hydrogen perqxide
_ and essentially consist in:
1) synthesis of hydrogen peroxide; and
2) its use in the epoxidation process of ;propylene to
. | ;
propylene oxide.

20 Aqueous solutions of H;0, are typically obtained in-
dustrially by means of a complex two-step process. In this
process a solution of anthraguinone, such as 'b_utylant_hra—
_quinone or ethylanthragquinone, in an organic.medium immis—

cible with water, is first hydrogenated and then oxidized

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



- 10 high-boiling secondary al cohols such as dl-aryl neth | 303, 632)
w th oxygen. These known processes, however, substanti a?ﬂeets”l{#&ezroébsfrom

di sadvant ages deriving fromthe necessity of operating at high reaction

t enper at\WOR/ ¢ H&neral Iy ranging from 100 15 to 180C), t heGHERIIAPOxi dat i on
of the ketone which is forned as main co-product, the necessity of using a
hydr o- gen peroxi de stabilizer (orthophosphoric acid or sodi um py-
rophosphate). Furthernore, these processes are conplicated by the 20
necessi t woukeosspaphesag diftiy epoversrag ihe chetrowes addebyto ptbduchssiirom t he
reaction m xture before using the hydro- gen peroxide solution in a
subsequenrbostpoxieddiviiony pirammedde Ancidsimendt hoebdsogathelqpr ozsletct ion @b

hydr ogen perox- ide, which seens attractive froma technical and economc -
25 poi nt tofe vienplés pasedhodd chhenit ectheynidesisioy lyfdrogeardt Badebruary
2005 WO 02/ 14299 PCT/ EPO1/ 09076 peroxide from H2 and 02. These processes
gener al | yridsiafalialyté B8NSt BIR-poBdust st egethtadahhe mptidle oxi-
particularly metals of the plati- numgroup or their mxtures, in the form

of sabtsQrias Drealpor haed gﬁtr@f%nin@y dredctkngrbheatwaggases amtkrsol vent
consi sting of an aqueous nedi um or an aqueous-organi c ne- dium The

I ndustri gy iemRedigmmnit ifn Hhesa Priageseefonever has proved to be difficult
for the followi ng reasons: 10 A) the use of mxtures of H2 and 0- in :

concentrationg f@leodd MRehddi fot heneXpkegnvitivn FWeydsoddie phxbre
beconmes expl osive when the concentration of H2 exceeds a value which, in

relation i Ic%gl 183501, AL L YIC UIALdAY, U1 Dhol ¥ HL&ES 45 0MRdphoto 6% by

vol une; 15 B) en when operating outside the explosivity range of H2- 02

T XUUrespabile Use, ofedtiolh PARCNUMIIONGDT2 1 1 63 Slefe- 492 ol eoand has

alimte npat i _ the. presence 'of flanmable organic sol vent
rrarble; SRR AIR] Bndsardenimd unal N dheepeemminne 06 B0,
addi ti ves4,’- 3%%‘5%%2t)h%ict%t %I)éggie%'syst em or H2Q2
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 attractive from a technical and economic

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



sol ution unstable. This nmakes it necessary fo add stabiljz-, ers, .'th _
onerous purification operations of the H2ZQ2 solu- tion b%?%l?r afyt%dﬁ:gse; 25
D) |ow pyepseishba ty and selectivity of the reaction and theyefoiBiuary
20 WO 02/ 14299 PCT/ EPO1/ 09076 production of H202 solutions which are too
dilute for eco- nomic industrial exploitation; E) poor stability of the
catal ytic systemunder the reac- tion conditions 5 Patent application
EP- 812836, {985 £X £1,d886r bpes a process for the preparation of
propyl en oxi de whi ch cons sists in reacti ng hydrogen and oxygen in the
presence of a alytd J%_s‘;p] n, sypport.edipal;l-adi o Nedn-hydro-
al coholic nedF&%%%h&%ﬁg%ﬁg%%%gﬂ%y ra4éf2%ﬁoliccnixt§?e ofy%gkhydrogen
per oxi de _t, t ai ned, | OXi i st ratid ve
exanpl es Std'gl{t%ﬁ?ﬁ < oc%u?rledr}f{l%gqgeécﬁaﬁelp%tarhﬂeﬂ&l(%&(}yﬁ%}a&@ﬁoyfdrﬂoll'-rgalE%:o olic
sol utions_containing_ H - rat.i o apging f&o 5 39% by
wei ght . |n%g?ﬁ%s%régﬂé%Péggfgﬁgfﬁé’séﬁ%ggﬁénggg%oﬁyaag%ggér5%gf%%n, 15
after_1 hour, dy oge er oxi de_conversi al _to 99% and i
r espett i \?élpﬁorgwygé olg?g?ﬁ%bl, M trﬁaé:r%slg}gec?ﬂ\g/i t% %%t oqapsreospy(?én% osgc?ldeéerrl%ngi ng
from70%to 95%. i.e. . wth_a maxi- nux ielrd to PO %fouéqa%’ a‘ljltlics pLocess
does notc?géﬂﬁﬁ%jﬁ% of PRAGSEFPEP THEr™ 20T e8F PHFPORE 1319%Wihg T easons:
A) The usg, in the reaction nediumfor the production of = hydrogen '
per oxi de 2*¢f*+hi gh concentrati ons of promoters, for .exanple acid
pronoters, hal ogenated products. and/or other additives, makes it necessary
to add considé?%bl%nﬁ%%£¥+?%5€FP8§18Fnﬁed?faF??%?s958F8F§€¥%:h?g%y?ﬁ t he
subsequent ep 6 8 February_ 2005 vm)géﬁgﬁ§$9d§§ﬁ EP01/ 09076 oxi dati on
process; IBF 6FVEAd 1OWHrbdds<Slddn it orf L edte ti ]A TP Bihd
selectivity. This requires the use of high reaction vol unes 'inv\goih st eps
of the i Atedrt iFProteBdxtyrey P?o&%cﬁ?%hcﬁfl§ TS B wadte
products to be i .

ling within the explosivity range, as the mixture becomes

explosive when the concentration of H: ekceéds 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



di sposed of in the epoxidation process; D) The use of diéF% ary 2005 -
hydr o- al cohol i ¢ sol utions of hydro- gen peroxide inplies e p?b action of
a streamof alco- holic distillate whose entity nmakes the process rather un

10 econoMQOYHEAY Applicant has now found that by using a RETEPHENTS ned
group of nmetallic catalysts and operating conditions in the initial
reaction between hydrogen and oxygen, by suitably treating the recycled

al coholic solvent |eaving 15 the epoxidation plant before-being fed to the
hydr ogen ppeduaiyicte qf ddufet ised upisams wEhd-ibyaxri hgot Bd lvdw Hiadr 0=C@t cohol i ¢
m xture of the flash colum bottom when neces- sary, to dilute the

hydr o- al coindld drehiaitdied efzgiydriegeionper oxi de obtained in step (a) to the
val ue required by the 20 epoxidation plant, an overall high process
efficien®y ippoobstaibedity bér nheofcpratiictd veygtemd usdleacttihg tyeadn
particul ar, when operating according to the process of the present

i nvent i onidrhecdmlilowinyg advant ages are ob- tained: 25 - reduction in waste ’
products in the epoxidation plant; 7 8 February 2005 reduction in the

vol une of sol rerterdto dpg ldicsitilore A8 1488 GpdatatiampIeacdesnrjgbanta  hi gh
stability of the catalysts used in the two reactions; .reduction in the
reacti onpr@ldymes; fohi ghe degeparefipw idy piophiteepoxixdes whidnecaspect of
the present invention, there is provided an integrated process for the
product i @n dty cantiduousn@ihepexiaesahy bhegdhr eat toe qatdshed @b al efin

wi th hydrogen peroxide ich conprises: (a) preparing an al coholic or

hydr o- al ¢@hqliiya: 50! 444 1@ 0oba Sydlr 88eBLPELSXEHE pal 1adaeRGentd ad | Bpdre+ over
3% by wei ght, "usi ng 'a gaseous stream contai ni ng hydrogen, oxygen and an
inert gas,;ddhoitiRe pEesencenal waikigredwd | hgaeatah yshobasednirpal | @di um and:
pl ati num as active conponents; (b) putting the al coholic or hydro-al coholic

sol ut on r@fdﬂa@%fnowo%wiﬁﬁspbﬂma NSt (@Botiua €00k agtoddsh. an

olefin and a buffering agent, in the presence of an epoxidation catal yst

suspended in tfie. [ PRCALEPaBPLYCarddh Y BE 110 AP Rl rRACKEBE b Ur @

gontaining t he epoxi corresponding to the olefin, ‘water and the
al conol | G180 (LA, L02-Bha0E! LE1BLEBAM | A hitPRIOD)
after separaﬁ?on of 1 e, er to

e epox In or el Tmnate the nitrogenated
- Sompounds Pesentiv Ll dedi il AlgeRelis w0l enbs OBy dhasgntn G6> Lo
ing these sclutions in the subseduent epOxidation_reaction,
15 after 1 hour, hydrogen perdxide conversions equal td Q9%
~and 65% respectively, are cbtained, with a selecﬁivity te

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-



WO 02/ 14299 (a PCT/ EP01/ 09076 The process nmay conprise ep (e),
wherein the raw hydro-al coholic m xture of the flash co?%ﬁﬁmﬁg??%@$

used, whgwy pagemsary, for diluting the hydro-al coholic- 5P@ﬁhﬁhh@@m0f
hydrogen per oxi de obtained in step (a) to the value required by the

epoxi dation plant. This advanta- geously allows a reduction in the volune
of solvent to be distilled in the epoxidation reaction plant. The process
for the g td fq éggmrdes according 10 to the present invention can
be descrr JP?) as fol- lows. In the first step, the process for the

synt hesi gof 5%@%1;5;5 ﬁn?d%égéss( 500049, 3 pERGLOL, §0YtaLNINg

cat al yst um and atrnunr eter geneous and kept in

di sper - SIALANA ) aubd £ eacti oo rgﬂ@rmsét%f JULds SLT SR CARRLSt i ng of

an al cohol® or an er Fe W eva

content, ,cont 3? %#%P%15§' d:%gg 10 QQ a Qadggenated pronoter. 20 (ii) a
in r ;

gaseous §f} OXyg n-And - an inert gas Characterlzed
in that E?e c tratlon f_ ogen is lo an 4, Sé and t he
concent r 51 on PIGEN i 7% Por;ér § Rahr 919 § BrrdbBaptsndit o
100 bern n inert %@ ﬁ vin fronrthe reactor: 8 February 2005
VI)02/14%9§F5EW¥%§5g 1597 % Lty |Rf?ﬁ§%§ﬂnessentlally consi sting of
the stre nr( and al so caqntai t he q{ en oxj de ang e '
or oduced & & %, @ﬁ%ﬁi%\?@%&%% o AL CRR T AT of
hydr ogen peroxrde i s higher than 3% by merght and (Iéﬁ aseous stream
essent i aBEP JOFEPEIERgIBPLASS- TrencPEaMGEFoerfarl B%YE e nert .
gas. The reactor used can be any reactor suitable for oper- ating in
cont i nuotteldnd HoriciiekatRy WHeSe eBRELBY PAkESt Hhe Ryt cralRierBuch as
t hat descri bed, obtaining an effec tive contact between the gaseous phase,
|Iq@ijﬁ§9?%M@ .
The Applicant has now found that by using a well de-
fined group of metallic catalysts and operating conditions
in the initial reaction between hydrogen and oxygén, by
suitably 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 mixture of the flash column bottom, when heces-—
sary, to dilute the hydro-alcohelic solution of hydrogen
peroxide obtained in step (a) to the value required by the
20 - epoxidation plant, an overall high process efficiency is
obtained in terms of productivity and selectivity.l
.In particular, when operatipg according to the prbcess
- of the present invention, the following advantages are ob—

tained:

25 = reduction in waste products in the epoxidation plant;



catal yst kept in dispersion (so-called slurry system. For exanple,
stirred reactors, bubble reactors, gas-lift reac- tors with internal or
external circulation, such as those 15 described in the statergf,biiocast .
are suitable for 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,
preferably fromOC to 40C. The pressure normally ranges from1l to 300
bars, pref erefsclior indhe uguing of salverh e ke distiledir Hiekrpexidatiomigagtiontmiant] i qui d
mediumin the reactor normally ranges fromO0.05 to 5 hours, preferably
from0:-10 PEhstabilithefiths catalysigmsed inthe 8o eartivn ary 2005 PCT/ EPO1/ 09076
The catal yst which can be used for the purposes of the invention is a

het er ogeneotgfugharintike reagherayalimep.pal | adi um and pl ati num as active
conponents. In these catalysts, the palladiumis normally present 5 in a
quantity rahighsiggraecthpority of ghespopidesvei ght and the platinumin a quantity
ranging fromO0.01 to 1% by weight, wth an atomic ratio between pl ati num
and pal | adi iPRexAgpasy of theopresers dventiont Glogre 09 providedpan ingedratad ipsogsse farrthe| y
present in a quantity 10 ranging fromO0.4 to 2% by wei ght and the platinum
in a qrdyetianincaniiueys of @mm?e@zayttbe dirgskoisidatien efan olgiin witkhydroaen perpsideo
bet ween pl ati num and pal | adi um ranging from 1/200 to 20/100. In addition
to pal WREhEITWHEED| at i num ot her metals of 15 group VIII or IB, such as,
for exanple, ruthenium rhodium iridiumand gold, can be present as

act i ve (FoRfspasng gn @icohplicopronsiealcphplig sobiticr of hydrogen geiesidalin v eeoceniraginer
than that of the palladium The catal yst can be prepared by dispersing the
act i veof o@r S¥nbioweiaht using aroasaeys sticany ¢ostaining hedragers foxpgescanst arsineidgasnid/ or
i npregnation starting from precursors consisting, for exanple, of

sol ut i #espresenchef a biagtakic satalysl hased oa gafadium 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



pl exes, and therein reduced to the netal state by neans . and/ or
chem cal treatnent with reduci ng substances 25 such as h§§?%%§ﬁ{é@lgdi um

form atew§edidg citrate by neans 11 8 February 2005 WO 0
PCT/ EPO1/ 0987% of preparative techniques well known in thééi’é%&zwggﬁthe

art. The inert carrier may typically consist of silica, alumna,
silica-alum na, zeolites, activated carbon, and 5 other materials well
known in e state of the art. Acti- vated carbon is preferred for the
preparat i of the cata- |lysts useful for the invention. “Activated carbons
whi ch can be used for the invention , are selected fromthose o% foiﬁil or
natural origi merPYOCE85| AgYr GO e FUMW66d, S 15%yni T, BBEF 0T
coconut and having a surface area higher t ag 302 nﬂﬁg and vvh}ch can reach
1400 n2/ E0e EHArRY P 2 LSRRI AT AUES sUF f 5RE 4tBSR RPYHER PR&FCB00 nt g.
Preferred activated carbons are those with a .low aﬁh 1%%'00” en%. The
sul f onat €&F aBfFdat ARBa RS HRSEr | beY 9t HEM%A L abd Oéﬁﬁ)FP 8ti-6n M
98A01843 can be used for_ the purpose. Before the supporti ng or i flegnati on
of thé& netalstion hefak¥raged CAIBH-IANPPEREUB{edPefHd t ae’at*f‘r‘%r'lni!i Such as
20 washing with distilled water or treatnent with acids, bases or diluted
oxi di zi ngrabent FEeRBraskakpl ethe et FROALRALIEH- RIFFER orlibd SacPEY285ET um
carbonat e and hydrogen peroxide. The catalyst is normally suspended in the
reaction q@u@lmnﬁégoﬁsc@né@ﬂmﬁcﬁh Fanhpfg VPASHE OF (T X0B byt dePght, 25
preferably fromO0.3 to 3% by weight. 12 8 February 2005 WO 02/ 14299 _
PCT/ EPO1/QRO75L T fiqilhe spevhdatiyncoagrsisnoplantal cohol-or a mix- ture
of Cl-C4 alcohols or a mixture of said alcohols with. water with a ‘
preval ent al cdtiot i preoasenfor Athiexturepasiatiion f eeaprhdeal a6RerAérEont ent
refers to a mxture containing 5 over 50% by wei ght of al cohol or m xture
of alleohdtcs.theomgesent invention can be 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:



Cl- Ca al cohols, nethanol is preferred for the purposes \cl)é we Iréb ntion.-
Among preferred mxtures is a mxture of nethanol and {:8 gt arni ng at

| east 70%(?y2/mggght of nmethanol. 10 The liquid stream- al ?‘gp&ggﬁﬁhgé an

acid pronoter and a hal ogenated pronoter. The acid prono any
subst ance capable of gen- erating H+ hydrogen ions in the reaction |iquid
medium and is generally selected frominorganic acids such as sulfu 15

ric, phosphoric, nitric¢c acid or fromorgani.c acids such.as _sulfaonic acids.
Sul furic @ci'd and ﬁhoébﬁ%lidc 3\[:1:33% eesp%é?nte]rar | PRESIeSHESht Pht io%ijﬁgof t he
acid generally ranges fromO to 1000 ng %e;}r l;ﬂ (gafC | i qui d _nedi marrllfg
pr ef er abl§EEGFn D) t 350 HP  S6THEFMREIof-11G qi¥ I RBTT umS TR Iral Dg@énat ed
pronoter can be any substance capable of generating hali.de .ions jn the: )
react i on Wakf# OPH%%‘F*W by ddreantRC el &‘61’335'%%@?% ndTbridthde - ons . are
pre- ferred. These substances are generally selected fromh dr§c25@2r omc
aci d and qancefdinad 8t uBfe RydEoReR eREEPEAIFed TInPLERCE, (tRAB B&pr'tary 2005
WO 02/ 14299 PCT/ EPO01/ 09076 for exanple al kaline brom des, hydrobromc acid
bei ng5pr areifd@rtriedndrhe concentration of hal ogenated pronoter generally
ranges fromO0.1 to 50 ng per kg of liquid nmediumand pref- 5 erably from1l
to 10 ny {er) kg of &igapgonsdiaimearheezpaoial Ly r eapsiptingt AheP¢HT et
contains a con centration of hydrogen of |ess than 4.5% by volune and a
concent r atéamrtest hpdupegenfanésexyaem 219 Hye voreme, 92he conpl enent to 100
being an inert gas, which is generally 10 selected fromnitrogen, helium
argon. Sai d g&hd sgudafer aisdl yean thogery Tearcher gaitorklet fFeAn®PRTY t he
concentration of hydro- gen preferably ranges from2%to 4% by vol une and
t he con- ety ain onontinxpgen aprkef esmbigt irangele f reacEiono 189% byri1s
vol une . The oxygen can be supplied to said streamusing pure

10 phasic system such as that described, obfaining an effec-

tive contact between the gaseous phase, liquid phase and

catalyst kept in.dispersion (so—called slurry‘sjstem). For

example, stirred reactors, bubble reactors, gas-1lift reac-

tors with internal or external circulation, sﬁchras thoée

15 described in the state of the art, are suitéble fot the
~ purpose.

The reactor is maintained under appropriate tempéra~
ture and pressure conditioni. According to the process, ob—
ject of the invention, the temperature nérmally 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 liéuid medium iﬁrthe reactor

normally ranges from 0.05 to 5 hours, preferably from 0.10

25 to 2 hours.

10
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or substantially pure oxygen, or enriched air, as raw meg 'bﬁé:|2005. o
containing for exanple from21 to 90% of oxygen or air, REYR nposi ti on of
t he streaowt/bam bei ng brought to 20 the desired val ues, defliEmdobove, by
the addition of a suitable concentration of inert gas. The liquid stream
(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 cont aiyps.c4he pst dapraiial wadided ofenated puoposes ofi thed
February 2005 WO 02/ 14299 PCT/ EP01/ 09076 quantities equal  to those charged

Wi th th%ﬂ&ﬁlﬂi@;ﬁtigam Hed raRdneRer dat-A yitantbhyaequal balihdtunhar ged
with the. Iquid streamfed together with the water obtained as reac- tion

by- prod The d.att exsusual Ly LeRheseRts. an addi- 5 tional concentration
of 0.5%%%?:?%%%%y mei%ht. Theli%%id stream (iii) is separated fromthe

catalyst by aﬂgegé ELLLERLQn teehnifues el | 1 Knaveghnlyherekahe of the
art, for exanple by the use of filters situated in- side the reactor or in
a special_reci fi.0n . e of Oqr t B@n ¥4, Xtdkeneut shdle thhe

reactor . gtﬁ%%#g?ﬂgf g%égfgghéﬁ%gﬁgén%i2%9f?ltﬁg¥ionlﬁéchnique'can al so

b -_Jlently. adgopted. . The |jqui t I inl ; ble t
Cor age PRt HAM 1808 TN A5k of ot SO A g Cubet aacen T 18 Th

st or age requir stabilizing substances. 15T e.

gaseous ThuS e il £2L000 L BELLEAs! OTo c BRARNahLALLY 1GAASko Lhig 0l

non- r eacte ogen and oxygen an e inert gas, generally contains a

Fangi ng F19m A8 (0 1109 BRG TS Gllume concentration of oxygen genelal Iy
process of tHebr BSae N 11 Bhe TERBCOYseRIS ST Feat] caviiig TS cact or
e 1P acka o e ESCRT D1 br 161 14 nit T THE qaait | FY-of B8 er T gds
o e a s S Mg A1® 250 B90oPALLT QI %1 48: BubSPIALY 2005 VO

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 sélutions 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



PCT/ EPO1/ 09076 when air is used as oxygen source. In thi gase--
ous stream (ii) fed to the reactor consists of. the recfirégﬁgyﬁggsion of
t he above stream (iv), containing a quantity of hydrogen and oxygen (as
such or WR%BH&%®orm of air or en 5 niched air) essential IBCHERPHO476 t hat
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
stream(iv) leaving the re- actor is fed to one or nore subsequent reactors

“oper at i ngf 1prapalregiws yrechnhateslewellbdarabovin iheerstidt ngfedd® tine a

guantity of hydrogen and oxygen (as such, or in the form of air or
enrichedamtr) essentially equal to that used up by the reaction which
takes place in the single reactors. Qperating under the conditions

descri bed abosiee iindrst tArpdesi bhayt dypdethidey hgdnsgel pef oxiidd c@nder
safety condi- tions with a reaction productivity normally ranging from 30
to 200 gaDimtRA2 (eXpiessehumbnd20Zeatl i3 petivated ofarbemact iagvl medi um °
per hour and with a nolar selectivity to- wards the formati on of H202,

ref ersr i ngrkhért Ratbydaogervdlsedkn@éh upn ghrerstidie hhfhehet han. 7@%ti-
Furthernore, the possibility of mnimzing the concen- trations of acid and

hal ogenafgee@r e8PLHERS iR gSeMerred > r réaet boapbiquidnmedi wkepasitta-vel y
i nfluences the stability of the catalytic system there are no signs of a-

substan 255t ahsbeas FRrt RBecahgbytienactivity after 1000 hours of re 16 8
February 2005 WO 02/ 14299 PCT/ EP01/ 09076 action in continuous. The filtered

liquid streamgiitvarb8 Hadpbasa WiBas ih Bei is€@nsbst ithg dhvemtiem nore
reactors containing the ep- oxidation catal yst suspended in the reaction

sol vent fps Qeﬂgts'ﬂ@a wirdh the <l ef# negngi 8 Bef hetiurglagenlyi nNeRst ithe

concentration of hydrogen peroxide in the liquid stream (iii) is higher

Lo T EREEY Bk oSOl on rpeaes 3 Sodenth, e | i«
flash. colym,bat tam£Q-Lhe Al up fRaul EREnbY;JohenBROXbER- whien Rlant .
| 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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The filtered liquid product |eaving the reaction unit i §f Q? '
distillation unit consisting of one or nore stripping (?Fggh B@%ﬁﬁnns;‘one

for eachv@ﬁﬁﬁgg@ of the re 15 action unit, to obtain arprg€ﬁﬁhgﬁgogﬁe head

essentially consisting of olefin oxide and non-reacted ol
product at the bottom essentially consisting of solvent, non-reacted
- hydrogen peroxide, water and reaction by- products. The product at the

bottom of the distillation 20 unit is fed, for-the not. recycled to.
the epoxi datibAS iégg%goﬁtﬁﬁ??,?i% 5083&3§503FfF%haﬂﬁg%%&4%%bﬁs%§%%ng of
one or nore reactors cqntaining a deconposition catalyst Lng . .the

functi ont®¥Fed@dorfpoSiin 3Fﬁ Oaési at W%%B%ﬁ@h‘b r%ﬁ?@egiFﬁggxﬁzggﬁ; H20. 25
The m xture | eaving the deconpositiqn unit R4, essen 17 .8 Febr.uary 2005 WO
02/ 142997 ST EFd ER0G0 P IS GorfaRe g 8‘?“28?5%?*, B X GER 3’%3:%% er, is
fed, to- gether with an inert gas (preferabl nitrog%%%J to %ﬁfh%§$

separ at dPE§MaL 8REHRAICRPCIE G K8 . Ya5%otS phis - Y By gen
inert gas and traces of solvent_and, _at the 5 bottog a lLiquid_phase
consiSst | agesf 588! bEnteigitePLapdcpBOla®y FHAWS (ﬁ%ﬁﬂ¥ﬂ€'g§ﬂﬁﬁ% phase
|l eaving V4 is fed to a condensation system caonsisting of- one or note
condenseﬁﬁrqql@k@@@%l$ormﬁﬁﬁé“@écd#%ryrﬁﬁeFﬁédré?FdUEmesBP€BH??smﬁ%$eas t he
non 10 condensabl e conmpounds (oxygen and inert -gas . with traces of

sol vent ) the e idivtyirqed. AThags BREFRITeAy THE THE T ohle s alE-8hUESst¥m and
the liquid phase leaving R4 are fed to the distillation colum C6-A :
t oget hermethanaldidnd edadgueaentarimiyy oadl kit c 796 BY | ¥eitghtcait ai ni ng
sul furic acid (about 10-50 ng/kg of sul- furic acid wi.th respect to the
total stmeamgntd.obtain, at the head, the purified solvent containing
traces of light products and a product, at the bottom essentially

congigst - i ng Dher 2agtiidnswater andot hantehasgeh Wads e G 20

peroxi de, reaction by-products and traces of solvent, which is discharged.
The sol vealobeawicpd blemodrdensati on system and, the

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



| i quid phase |eaving V4 are preferably fed towards the bg{- the .
distillation colum C6-A, whereas the acid solu 25 tion ?EEPéﬁﬂggkg hei ght
equal to about 2/3 of the colum? . 18 8 February 2005 WO 02/14299

PCT/ EPOIWOIB7829Phe function of this acid treatnment is to RONpPEIIH 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 peroxide. The solvent |leaving 5 the head of the colum C6-A is fed
to a col gpp G&aBplien xlkaldere toraepieat evydeobightcpaciddcbsiay tdre-head,
whereas the purified solvent is separated at the bottom The stream at the
head of #hereal.um C6-B is sent to a distillation colum C6-C, to recover
at the bottom the 10 solvent w thout |ight products, recycled to the

hydr ogen peroxhde sy#tdiestSti®@CIdONhadbgdenatedC optdmdesr stgamnadfly | i ght
products, at the head. The acid treatnment in the col umm descri bed above,

can be sghstit yhed by iMaNSOfng reat et ogn 1iheiAekanol aind heret5 head
of C6-A with activated carbon, sulfonic resins or sul fonated carbons

(Italg an.Pahent +App! hcabi 90 My $8A01RA3). 1iThe dPiedUEk . at the head of the

stripping colum(s) and the vent products of the reactors are fed to a

di stillation Fﬁg! W Chet 019t a N (81 pr dugthe ainldie Beadaifansi sddmg of 20
non-reacted olefin, recycled to the reaction unit, and a product, at the

bot tom esSARLLALLY CHIShe4geR off Alddl Onahdd. 5ENPredUihe dlankhes ot om

of the di's Fation col ur s fed to a purification'systemC5. The
it neOTE RO (P OB 0T 14300 CTI Bp0 T 09078 Trqurd phace, at
col urm( s} CRRTRIER drer oo oReire bt At bontmr el L BT Py S hed T r om
2 1 AUETaL GUL i O WRRSLARA ! 12 S GOl S3:d s sl oan be used
' bly nitrogen. '
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 reac_:_tqr .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



ent invention are those having general formula (1) 10 “hﬁﬁ R2 R3
and R4, the sane or different, can be hydrogen, an alky mnth from
1 to 20 G boN.&d an aryl radical, alkylaryl radical p 7 to 20
carbon atons, a cycl o- al kyl radi cal vvlth from6 to 10 car on {/69?? 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.

Fur t her mor e id radicals contaln hal n itro. nitrite,

sul foni c %ad“'z%é“r%? a?qu%&esﬁ BP8tps eéaggvrthh3§1%ox£+ UL, BEFFPD t hi ol |

am ne and. et her .grou . The oI efin can e above substituents both
unsaﬁ‘cif# 2T ‘8%11_' n ]at BnEandi _Et Faptae NHI-IIS:FL itnil?'i ng

exanpl es 0 ol efi ns havj for a (| re et hyl ene, pr.opyl ene, al kyl

chlori de, % T%Jy‘i? S RS & ot%gggfla?ﬁa‘r’i)‘;téoé ViR bor 19053 1pey Eeofﬁégom

but enes, pen eges hexenes heptenes, octene-I, 1- tridecene, nesity

oxi de, is’%ﬁ?”e é’f@?&c&t efae ARFtRr hagead Lo %?E?%F?%téor?ﬁbuﬁéglsuch as

nor bor nenes, pinenes, 5 The preferred olefin is propyl ene. Propyl ene

with 2 purdaat &O%Pé}trm%q’% ¥Enkrat| foused? kﬂﬁeWBiiébgl ene is preferably

avai l abl e as a _stream from steam crackl ng wwth a mninmumpurity of 96%
the remai ni ng 1h& cénttge LEmABL [hil) ofs preparetafdirypi €AF catidpiFities.
10 The quantlty of hydrogIr peroxide with respect to the olefin is not
critical PiwbuteansoPhr Hatratdiost i iprpaavengwel hg knoem 101 1the stabe
preferably from6:1 to 1:1, is pref- erably used. .The epoxidation reaction
can be c&fr it ourti nf@neeamnpls it e gl Qﬂi)lﬁiehteratsebbﬂtaét iLon
tenmperatures, conpati ble with hydrogen peroxide and capabl e of dissolving
the ol efsinleartdiolrshataxiae Jor crluseelc18b| veniscolabipol aychat afethe
consisting of an alcohol or mxture of Cl-C4 alcohols or a mxture of said
al cohd| s rez@udicrh mitierra phtaipeevdlenteatcohol Lo-ddret ehdttar ecaypi
the tangential filtration technique can also be conven—
iently adopted.
The liguid stream (iii) proves to 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 lower than 2%, normally ranging from
0.5 to 1.5%, and a volume concentration of oxygen Jgenerally
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, after flushing froin the system

the fraction necess_ary for eliminating the quantity of in-

25 ert gas charged in excess with the feeding, particularly



|

t

cally used.. A mxture with a preval ent al coholic conten efer 0 a .
m xt ure containi ng over 50% by wei ght of alco- hol or m étF&B@aﬁ?foa cohol s.
Anong Cl1-C4 al cohols, nmethanol is preferred for the purposes of the

i nventi oWO MR the 25 mi xtures, a mixture of nethanol ardTwERbEE9076
containing at 21 8 February 2005 WO 02/ 14299 | east 70% by wei ght of

nmet hanol, is preferred. PCT/EP01/ 09076 The buffering agent is selected from
anmoni a, anmoni um acetate, ammonium form ate or a system consisting of a

ni - trogepaledikase antk@ngs obxienSabliscy t NnaROrHani € 0rthd) Faos-ganic
acid as described in Italian patent application M 99A/001658. The

buf f eri ng, a0ent-obs f@d )i E&PNd NUQUS M diboneRfistheof eppentscpt1eans fed
to the epoxidation reactor, in such a quantity as to naintain the pH of

the reactd on.y 1@ %,§W%%Md@v>t,h%mmi £0gdhht 0P, ol a

value higher than 5, preferably ranging from5.5 to 8. The epoxi dation

catal yst pupl:chepanbe deegehn Lbe pLa- oS, ofnbNeokesanlaimantsen i s

sel ected fromthose gene al I'y 'known under the nane of titanium

o181l sy lo hon Sramles o4 opium st calil s e eyt MLk on b

structure,”descri € pa whi'ch al so descri bes

their structural racter'sftbi Titaniymsilicalites in which part of
. 5w ; I "f{)B. . .o
the ti tarjizll M faélds% Stl tuustee(% Dylcts)?heerf met a such as boron, alum num iron

20 or galli ugxég%%%g%sﬁgiifoep#%% .eThgagogI%%}li_ct Btfqu{e; tﬁgcléél]grsoséfifﬁéi tes

and the neth arati on are SCribeéed 1n pean pat ent

licati 226,257, 226,25 d 266,825, Titani il i it h MEL
oVl e or RGOS YRS TNk CBF ABEORENS JRLErrBed T BT Oy S e P &
1, 001, 038, 22_ 8 F'e%#a'r\f;' 2005 5 WO 02/ 14299 PCT/tEP01/ 09076 cc)agrg{:%? be :
used. O R&EAS tidhi sHPi G515 125 BGRhSpEUBECIER e $7 0T bt S5 e 11 ds

contai ning titaniumand having a L = . .
10 é%alogously to that é%scribed above, after adding each time

a quantity of hydrogen and oxygen (as such.or in the 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 ZOO_g of H;0: . (exXpressed 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-

. 16



SEA structure, described in Spanish patent 2,037,596, ZSM &@I{X%gi ni ng
titani um and optionally alum num described in "Journal of m cal
Comuni cat | ot 992, page 74511. The preferred catalyst according to the
pr esent ?%@@Qfm#%on is titaniumsilicalite having generaIP%E&Wﬂyﬁ%ﬁfT):

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, G5Bl ED £OHHRUONRS 4,9 37,216. The catalyst can be used in the
formof powder, pel |ets, mcrospheres, extruded or_other convenjent
physical 15 fidemiilheradsedtuid | saaem(doidel Foorfeth Fhe? t TEATFLRE com
bined with the catal yst can be advantageous. Supported  catalysts can be

pr epar ed Wit FHRFIGT HRT HOBIsORTher| REEE RISt R ittty yHeengPst of
silica, 20 alumna, silica-alumna, zeolites, activated carbon, and other
nat eri al @xisldtiorowkatalyat stuEmensied hanartihe Theaghaani tSpoferdat BPyst used
in the process of the .present invention is not critical; it is 'selected
howevBr gedhas o tdl [the epoediidatiroh & dactfening a@EeRbnpleted in the 25
shortest possible tine. 23 8 February 2005 WO 02/ 14299 PCT/ EPOQ1/ 09076 The
quantity of céafhanysthés quememrattayt et ectfedhivdrpeen| apeor=idet H& vaRfous
paranmeters, such as the reaction tem perature, reactivity and - '
concent r dtiiquricbfstterml| ¢Lin) tise higgreenthani sheofvailythrogepdperosi B¥, type
and conposition of 5 the solvent, catalytic. activity and type of reactor .
or re- adfheorEySidmitsehrodesguent$+4.5%) catlhe ysiquygi etikbymr dnges from
1. to 150 by weight with respect to the reaction m xture, pref- erably
from4 tgsl086 hytwei ghtth 1G@hHEherbenpeyaturelosbdlin thixiprocessd ofhehe
present in- vention generally ranges from20 to 150C, preferably from 40
to 196C =g So1en®06ct soRark cilarylpeeteguedethéyopenat epgxpdessure i s
such as to allowthe olefin to be maintained in Iiquid phase at the _
tenper at WigrPifant .

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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15 selected for the reaction. In general, the operatingd?p$%u§&r OFS hi gher
t han atnospheric pressure when gaseous ole fins are used. € reactor. used
i-n the epoxidation reaction can be any reactor suitable for operating in
cont i nuo\%@"&ﬂd”&on- 20 ducting the reaction in a system sREHEBR&/AHHt

descri bed, obtaining an effective contact between the olefin, the lig- uid
phase and catal yst kept in suspension. For exanple, stirred reactors,
bubbl e reactors, gas- |ift reactors with internal or external circulation
or CSTR tPsllvorennbstingt PfredlTenk, REEYEBRSs pngr WRERE( PH§g fedow™Reac 24 8
February 2005 WO 02/ 14299 PCT/ EP01/ 09076 tors), as described in the state
of the agé¢ther ewstint abl énefirdr gawe (redsmblhenbtepganthatged BHHSE term
referring to fresh ole- fin, recycled olefin or their mxtures, is fed to

t he reacsepataoor sVép tundelrtdirom a it Eheolfeagl, ando@peengephase M ze t he
conversion and selectivity to olefin oxide and maintain the reaction
pressur ecafnbmgtokggenpsisbichggat Bndshrekefki nf dediventy sfndomatataber y
limts and recycled olefin is pref- erably fed. Before entering the

reacti orbointdm, theligash phBsel ebhsisannbe ofusioflivetti,n wiattewiegtd [deat i on
colum C4. According to an enbodi ment of the process of the pres- ent
inventi ogctibe veaskbancysi.t is nade up of three reac- tors R1-R2-R3 of the
CSTR type and isothernms. The reactors RlL and R2 operate under substantially
15 identical mendijhkenss ipheseall cadienpearatis efedl abowt GGG EID a
pressure of 13 bars, whereas the reactor R3, which acts as finishing

react or, sj;s€enWebRsexhawst ion ohe bReriyd cgeiipesoxs denf edrtiest o eact or's
RI and R2, oper- ates at a tenperature of 79-90C and a pressure of 8 bars.

20 The Wﬁ%awe&%@éﬁ%}i o I eaet | 08k Dlud he o) 18fdrt i Swbakealsi eBheutndm- such a !
way as to have a concentration of H2O2 of less than 100 ppmin the stream

| eayigng E:S'ﬁd&ﬂéébf@- co %ohfh%sfi(fo%éygaé},ﬂ SREoNge FEAGEAN wi thharean! ioh sel ec-
tivity wth respect to hydrogen peroxide is 98% nolar with 25 a conversion
of 96% Lpitherihird meachargbhere is a selec 25 -
The solvenﬁ leaving 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 cogdensation 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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8 February 2005 WO 02/ 14299 PCT/ EP01/ 09076 tivity of 80°/§ Er[)*lfrazri %@ a
conversion of 95% The. flash col- ums substantially ope Sy PE’ the

same opekad hpHP6ondi - tions and discharge, at the head, SLiEeaFshdhyapour
phase essentially consisting of non-reacted ol efin, olefin oxi d/e, 5 inert

products, for exanple aliphatic hydrocarbons such as propane, and sol vent
vapours. At the bottom the columms discharge streans in |liquid phase with

Pna |1 or okl B8 eaRae LD ol OPr LOtnhs 290 € UhubRAILA TSGHEL ] 1O

the res synthesi s reactors Rl an vapours "at the head of
col ums CLE2rE3 pieellae fudald LA N UL Lo eseerepe
vapour s. EBAERy From CRE VRHAES of 5 cBEF bP SRR 0 L6 TRe CHA s o (0t he
B0C wi t b foEs ien GEREPREES o R BAaan ST s THLoTe T aiera

i St 11 atbanhess 08 (s COLUHT (Aot 1o S G (SHT QUANCTTI s of

hydr ogen peroxide,, and are therefore rec%gl ed to the. rlyn- t hesi s, of the

ol efi n ofede tO FEPSLAEEMEEE tHdRtaRT WG e 2% ditfntt SREBET RN T | y

wi t hout H202 and essentially consists of solvent, water and reaction

by- pr odu®tgifindrapd veriledm iSeHaEd {5 élfdé‘&ﬁyé&%‘?‘?%n section of the 26 8
February 2005 WO 02/ 14299 PCT/ EP01/ 09076 residual hydrogen peroxjde R4 *
consi sting of Thgeséready at fibeedased alubharcTeqet é%l 'Bdr%‘%mg%‘atfﬁos%ri es.
The hydrogen peroxi de deconposition reaction is exo- therm c and takes

pl ace i ndibgdild aphase eelumaeulCosl- 90 TSCAVER.a Festaen&e e rERGi ng
from1l to 10 mnutes, pref- erably from2 to 5 mnutes. Exanples of

cat al §st sodveghti nvitieowecdmpdsi thordiehs, EEeYd@ssike FeametufEo9$ 2 gr oup

VIl or their oxides. The
peroxide synthesis reaction, and a concentrated stream of

light products, at the head.
The acid treatment in the column described aboﬁe, c;n
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 prodﬁctlat 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



carriers are selected fromthose of the known art and i ngli above:
The m xture leaving R4 is fed to a phase separator V4 mﬂkgﬁgggggﬁgtes t he

- oxygen generated fromthe deconposition of the hydrogen peroxide and the
di 1 uti onWhB29r oduct, preferably nitrogen, charged dowBSTEBAHINTE t he
reactor R4 15 to nmaintain the solvent/oxygen mxture released in the flash
colum below the lower flammbility limt. The sol vent-oxygen-inert product
m xture leaving V4, is then condensed in two condensers i-n series to
recover lifreidobhene, wlietbas bolidomon coseradrisdtive quredutisng & genl— 20 and
inert product with traces of solvent) are discharged. The |iquid phase

| eavi ng R4nandst heclicdeidd tai xher & 1 dsdavialgm sdr,e dmat] the thee@intdxt ati on
columm C6-A and treated as descri bed above. The condensati on heat

recover efldat wiha bheadmakriiel Pmrddwris Chihiced Feramsed Yotsuppl gaal | t he
reboiling units 27 8 February 2005 WD 02/ 14299 PCT/ EP01/ 09076 present in
the procgssthknupbes @ase, dfheher essumsr.of the colum is kept at a.
suitable value for this purpose. Aliquid streamrich in olefin oxide is
extracted fropglLefhasbohtiomn efart e diséd | Lat toe pebuessCAL arttk isrsent to a
S purification section C5. The latter consists of two .colums in series due
to the bhghinyehen cof aplates enthsepaf afesr=l fdenllead(Iye- sidual '
vapours still present (non-reacted olefin and inert gases), at the bottom:
a liquid stream containing solvent 10 and ol efin oxide (recycled to the
distillation colum C3) and,Fﬂaterallfﬁ a liquid stream consi sting of
olefin oxide wth a comrercial \purity’ (> 99.8% . The vapours extracted
fromthe head of the purifica- tiger=golum C5 may still contain significant.
quantities-of 15 olefin oxide qu arg recycl ed upstream of the '
distillation colum C4. Operating wth the process of the present
invepfion, the epoxidation cdﬂalyst, E@Ler 1000 :heurs, does not show any
sign of deterioration and the productivity and reaction

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



20 selectivity are high. The process for the preparation jAn:=0Xi des
can be better understood by referring to the bl ock. schg(ﬁég&%ﬁji%sgure 1,
whi ch rappesenbs an illustrative but non-limting enbodipgm@ntre1ddodVth
reference. to figure 1, the olefin, for exanple 28 8 February 2005 WO
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 E;lu ;8 parpaelhﬂteg%]dé/ Wit Bekdnes (TlheptlRks(T3) octehereas hakf of the
SO tht esh

recycl e erft wi ydrogen per 5 oxide (4) is fed to the reactor Rl

(48 and iheother Baldieho E2:64D) idasimle eglotdnlbodiaenss tyclbe

i nt egrat pro- duction cycle are rep d by nmeéans of "make-up" line (3)

which enters with fhe f [ f u A B Opy-EBR8XI denauBEkhesi s
reactio E?L)ﬁe%emfi%)ttﬂgyggggi %%lm o}ﬁeig%t {g%r?ﬁgra(%duc%ﬂ?eavi ng thg first reactor
Rl is fed wwth line (6) to the first distillation colum Cl from whose

head t he®'gr opyl ene oxi de produced and non-reacted propyl ene (7), in vapour
phase, are recovered and from.ithe,.hotto [ qui eam (Bt ial |

cont & ning 15 dPﬁ&&ﬁrﬁggoﬁ]fg%,l% par tpré);ﬂ%%ﬂél's Fggipg%t e reactor R3
and the renai ning stream(8A) .is recycled to t r t ' dislaut e t he
hydr;)ger_P%E&i f?gl tS7Ehe 7§Pefsi t&d %%2}?8%%%98 % E%isfn%e ThACS &E‘%‘%%ldéﬁ El&isd o) to
reaction produc eavin e sec- an eac i ne o]
t he secd?ﬂée%?%zlﬂ?]rffaa‘f?bﬂa]eg‘?uﬁﬁ %ZZSJ'F?%W\A{FlBg% %Ig%g%t F]é%apstoﬁly: JAEoxi de
produced  and non-reacted propylene (12), in vapour phase, are - ered,
and fromimEngst PRRL Y pifq_L%GCf’St%ré?I& R9 P ESﬁ?‘E %’ir?é) S@SF@%&
peroxide, a part of (13) is fed to the re 25 actor R3 and the renaining

stream (ABATeRER@CHLRBYPSCRheCRIPHIdARFy 2005 WO 0211- 1299

PCT/ EPO1/ 09076 reactor R2 to dilute the hydr,ocigen p roxi de tg l;chet %si red
condént r at i onfhe quantity of hydrogen peroxide with respeCl to

olefin is not critical, but a molar ratio olefin/E,0, rang-—
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

21



The filtered liquid reaction product | eavi ng the sec- onggrﬁgactd%cﬁﬁs is fed
wth line (14) to the third distilla- 5 tion colum C3 f ead the

propyl engv(pag/ﬂgggproduced and non-reacted propyl ene (16), E?T@Fﬂﬁm‘ghase,

are recov- ered, and fromthe bottom a liquid stream (1 on-

tai ning 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/FE422 on the, vapour phase |eaving V4). The.liquid reaction
product ﬁ@&?itnaoféhéys?’@éﬁﬂtl? '?Etf“é"&mic te Fb‘oqgﬁ.ﬁﬁ-f’)e&‘-A( 18), the gaseous
product vented into the _atnosphere containing oxygen, nitrogen and traces
15 of net hanofPpsbpdieEdes: edepy ESnseiente h@%’?l%‘?‘f&% SRPYEERR s f ed
to the system R4 with |ine (AZ). Recovery of the solvent The |iquid product
| eavi ng BRELAESet GRUIGPGUE REmiake Hott 2 hJUEE§EN HESIRItdBYad &sRhtial |y
consisting of 20 solvent, water and by-products, is fed with line (18) to
t he sol véFpIeBesEer Pasec @inch oen s tiitfy Sl &Hive Yarah AW icRe 7 a
series of distillation colums C6. A-B-C. Water and the reaction _

by- productgapls) asvid dischesgetbdd ornit REalpent atemtosRligatHer Hehd of
C6-A, the solvent (23) is 25 recovered and sent to the colum C6-B. At
about 2/ 398#00RE&580 8 February 2005 WO 02/ 14299 PCT/ EPO1/ 09076 hei ght of
C6-A an acid solution (Al) is fed, which blocks the nitrogenated conmpounds
present in vafber ptideeirtheageradief fede ool oantDBuUGIBoWEESt iARF oPEl i ght
conpounds (nethyl form ate, dinethoxynethane) present in the nethanol 5 at
t he inl ethef Bhdenbs stowarent fadi do ofhé- 29pdwidwtiight rekciwetrhandil, is
fed to the colum C6-C. The light concen- trated products (6-8% by weight)
| eave t heubhad efuartis toolas unm 6 :Ctaiththhe ol ushitige steaaam@BIizThe ;
bott om products of colums C6-B and C6-C when joined (33), formthe netha
10 mod r ecyel echetam el symidesicher eaetdaniof bydddgeonper ex- a dezl@®ecovery
of the propyl ene oxide The streans (7), (12) and (16), together with the
vented preguetsthhnt ¢ 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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synt hesis reactors, consist of non 15 reacted propylene BX ﬁgﬁSOX|de
and solvent; they are fed, by neans of the conpressor

distillation colum C4. The propyl ene is separated at the head of the

col utmm CX0t03{dd3%er with the inert products (27) + (25). TEERN&PYT6
products, such as propane, are inserted into the cy 20 cle together with
fresh propylene (5). To prevent there be- ing an accumul ation of inert
products in the production cy- cle, a part of the stream of propyl ene
recycl eccdp theor ebe actseds, Othdt uihﬁ@qlm—smlgarleé:msr i eani dr 6yl ene
oxide (28) is recovered at 25 the bottomof the colum C4 and is fed to
the purifdciodd ofrdd BeFabrealy t2680ToND02Yit40 99 tRETIEPOIND JF8iBgcEi on of
propyl ene oxide, in this particular case con sisting of a distillation

col um Gexisttuwerseeti dasrribededm iSpammpdurpabase 229375526} &SMtai ni ng
traces of non- reacted propyl ene and propyl ene oxide is recovered at the 5
head of theceptuini®y; ttitahisint eandli sptaoyelldd byluneamsmof detheibedpr essor
Kl to the colum C4. A liquid stream (26) containing propyl ene oxide and

sol vent ;8 extiacd edofr oRent 8Ll hobheih 0fat henepl UER2{5pagd 7458ent back to
the colum C3. 10 The propylene oxide with a commercial purity is ex

tracted fromdle COLlHAP-£S st Vot esdtofding €3 Ohe. prOyahhesingeneaction
of hydrogen peroxide The stream of distilled nethanol (33) coming fromthe

propyl eng; 9xi fle syPLAeaINSsSECEL DI JORAVEAgt BenBydlogepmper- (13)oxi de
synt hesi s section. A stream (35) of a- aqueous sol ution of HBr (hal ogen

ated pronoter) and a stream (36 us solution of H2SO4 (acid
pronoter) are added to the stréQ%T*Sg? Qf%ﬁ& punp P1 sends the m xture

obt ai “e%ﬂgﬁl e ;I;hfe{ai‘Q 2ge8 20 pREEX angm%heebﬁ veaobor £B5 cato4a

pressure 0 bars. e streans (39)- 41) of hydrogen, oxygen and

nitrg- gen f%r_e@ikggﬁt Lyl % 1"1:[ee éf”l&ato Sf%mt e ogorgy ess025K2 addd t he

reactor bars. e vent i recyc es the non-reacted gases

fromthe, to khe rgactor, inha the,25 ﬁ&@&ﬁt@” qpq;un14TQqﬁ§Emggn1(44)
consi sti%g® §¥q?%e r ear
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 ;:om—
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 ert.

The quantity of catalyst used in the p;ecesé of the
present invention is not critical; it is'seleeted however

so as to allow epoxidation reaction to be completed in the

25 shortest possible time.
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rssolved at

peroxi de and water, the nethanol solvent and reaction gases

100 bars, is fed to the flash columm F1 at | ow pressure. The vapour phase
| eav- i nYOPR/142¥t er condensation (45), feeds the separat i BAI/EBIIOm 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 sent-to a biological treatnment system The
gases of the The ghathétyeaft crtpdysied o arengizalky ssoLefted fRe 61-1ine
anal yzer An, are also sent to-the flash colum Fl. The liquid streamf4)

| eavi ng Fationstst shef vayiloogeparapetexide st nei ghe) reagttaorarite®ret hanol .
Said streamforns the feeding streamto the propyl ene oxide synthesis.. 15-
Conpar edp@#rahutbg keawtivétiodsid t benpeotestidasef bdte abe¥éral |Hdves
epoxi des to be obtained wth a high productiv- ity over a period of tine
and a hi gbnaeheehtvbhyofusidgoaennptlroaiviki, chypanabd easigosidgmin exf on an
industrial scale and with the possibility of operating in continuous. 20

The fsol | gMEngo0pehal | vetaigipke akcs ipriaw dadi foype | bsrebcabrverpurgposes and
does not Iimt the scope of the inven- tion. EXAMPLE 1 The procedure is

adopt ed ae€9hdi Bgstenfhguae 1 to pro- 25 duce propyl ene oxide starting
from 33 8 February 2005 WD 02/ 14299 PCT/ EP01/ 09076 - a stream deri ving

froma steam graclkjuetRhanto€onstatl visg ©fp 5% DRy by angieght £0fm plopyd ene and
0. 05% by wei ght of propane; - a gaseous stream containi ng hydrogen, oxygen

?gsve pi tﬁzéﬁ%zgg&wb&@{ta%ﬁﬂ Zﬁgsﬂﬁ@cﬁh@o tilee CPEgEPLbAt naktefrhydsagen s
. 5% by Vol une and the concentration of oxy-.gen is |ower than
21% by volupe, EhenCenphemsat p,0wdQ@nke- ing nitrogen; - make-up methanol ;
10 The temperature used in the process of the present in-
vention generally ranges from 20 to 150°C, preﬁe:ably from
40 to 100°C, from 55 to 90°C is particularly pﬁeferred,
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-

24
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10 - an acid pronmoter H2SO4 (200 ng per kg of liquid me- o gi ' a
hal ogenat ed pronoter HBr (6 ng per kg of liquid nediun)sﬁéﬁﬂ%g%ﬁﬂg o
met hanol & §8350at the inlet of RS, a buffering agent congéskbfigeeds an
aqueous solution of NH4COH, fed to the stream of net hanorﬁgt tﬂe ip’fnl et of
reac 15 tors R1-R2-R3 in such a quantity as to buffer the pH of the
reaction mxture to a value of 6.5 (present inthe liquid streamin the

feeding to R1-R2-R3,in _ a.concent i f Relolyy r gi-nf Qreedyglass

pH et erE?ﬁéirt & idr?ﬁ%elqeé'{ajlcjfﬁlo%ﬁgst%&gg% %&s useda;mgb g i "'uted sol ution

containigggs%gfuric acid (about 10- 50 ng/kg of sulfuric acid with respect
I

to the tof BrBRAPOPES), fed to the colum C6-A to obtain a distillation
e o o oc R SRR R A Ceey ool e e,
EAL R R o S
ohase of L19% SF EPLAPgEd LA aRiTe CERRGeY. FB 4 S RTred DA S of the
hydr ogen peroxi de. The het erogenequs catal yst hased.on pal] adi.um_and '
pl ati nuntﬁ@ @@ﬁweﬂfﬁlapsa@ﬂsis(?aeﬂﬁ%vﬁéfyi it&uio(snle.fgé*cto’ﬁ&r‘f‘nerrémdﬂl d‘fﬁ%’t%f% by o
weight in R5. Table 1 enclosed (3 pages) indicates t al ances and 10.
conposi t EbR SEaChE 08 RFESSEEFeafs M X4HTS) @@%Sﬁéﬁlﬂuéﬁhﬁ%ﬁé‘ @(5%’14299 i)
rraoO ) C*) QN o ,
deriving from battery limits and recycled olefin 1is pref-
erably fed. Before entering the reaction unit, the fresh
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, i1.e. at a temperature of'about 55—
75°C and a pressure of 13 bars, whereas the reactor R3,
which acts as finishing reactor, i.e. with exhaustion of
the hydrogen perogide fed to the reactors Rl and R2, oper—-
ates at a temperature of 79—§0°C and a pressure of g8 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-
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tivity of 80% molar and a conversion of 95%. Thefflash col~
umng substantially operaté under the same operating condi-
tions and discharge, at the head, streams in vapour phase
essentially consisting of non-reacted olefin, olefin oxide,
inert products, for example aliphatic hydrocarbons such as
propane, and solvent vapours. At the bottoﬁ, the colunns
discharge streams in liquid phase with a differentiated
cbmposition, which for Cl1 and C2 are partly recycled to the
respective synthesis reactors R1 and R2.

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 reaétors RléRéa
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
columns C1 and C2 still contain significant quantities of
hydrogen peroxide, and are therefore recycled to the sjn-

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.

This stream is fed to a decompositiocn 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 liquid stream containing solvent

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 block schemes of
- figure 1, which represents an illustrativé but non-limiting
embodiment . |

25 with reference to figure. 1, the olefin, ._for ‘example
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propylene, is fed in parallel to the reactors R1-R2-R3 with

E CL a-
O / 09076

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_(B)

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.

Y

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 vapour 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 parti;:ulaz:
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

5 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 prodﬁcts

of columns C6-B and C6-C when joined (33), form the metha-

10 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-
15 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-
20 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 recycléd to the re-
actors, is flushed (25).

A stream rich in propylene oxide (28) is recévered at

25  the bottom of the column C4 and is fed to the purification
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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 which can be easily §pplied on an industriél scale
and with the possibility‘of cperating in éontinuOUS.

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-
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;

- an acid promoter H>S50, (200 mg pef ig of ligquid me-
dium) and a halogenated promoter HBr (6 mg per kg of liquid
medium) fed to the methanol 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—
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 the feeding to R1-R2-R3 in a concentration of 80

ppm); a reinforced glass pH-meter inserted in the reaction

stream, is used;

$fes hNLoOOO

- 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-

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

composition of the single streams. . =

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

5 {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

i0 active components} :R—
(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 the reaction

15 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
éO the nitrogénated compounds present;
(d) feeding the alcoholic solvent obtained in {c) to
step (a).
2. The process according to cléim 1, whereiﬁ in'step {c)
the,treatment‘of the alcoholic stream is effected by

25 distilling the solvent together with an agueous or di-

39



A 00OYQQO COCNCOOCDNO NNQ 0Q COd) [ Cho M | ycod
X .- (U> od =Oz:5E 3:2z wa, 9 6qgr QQ U) ~ o)og zsfig\'AHF'é’%ﬁ’g -.N') ’
PCTJEP01/ 09076 LOO 0 0 .0 0 0 C~(00 C) O] OO |

WO 02/14299 PCT/EP01/09076

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
5 | resins or sulfonated carbons. |

3. 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

10 peroxide leaving step (a) to the vélze required by the
epoxidation plant.

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

15 (a') feeding to a reactor, containing a catalyst based
: on palladium and platinum, heterogeneous and kept ip
dispersion in a liquid reaction medium:
(i} a liquid stream econsisting of:an alcohol or an
alcohblwwater mixture with a prevalent alcoholic §0n~
20 tent, containing an acid promoter and a halogenated
promoter. |
(ii) a gaseous stream containing hydrogen, oxygeh and
an inert gas, characterized in that the concentratidn
of hydrogen is lower than 4.5% by voiume and the-con—

25 qentratioh of oxygen is lower than 21% by wvolume, the
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10 5.

15

20

25

complement to 100 being an inert gas;

{(b') removing from the reactor:

(idii) a liquid stream essentially consisting of the
stream (i) and alsc containing the hydrogen peroxide
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.

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
100/100.

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

and palladium ranging from 1/200 to 20/100.

The process according to c¢laim 5, wherein the cata-

lyst, in addition to palladium and platinum, contains
another metal selected from those of group VIII or IB.
The process according to claim 7, wherein the,metai is

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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PCT/ EPO / 09076 CLAIMS :1. An integrated process for the Qggdug¢é in
conti nuous of epoxides by the direct oxidation of an oIe?iﬁ (@ (ﬁﬁydrOgen
per oxi de } nprises: 5 (a) preparing an al coholic or - hol i c
solutionvmg?ﬁﬂggfogen peroxide in a concentration of overpgéﬁﬁgyakg?ght,
usi ng a gaseous stream contai ning hydrogen, oxygen and an inert gas, in
the presence of a binetallic catalyst based on palladi umand pl ati num as
10 active co ongnts; {i%ﬁggtting tg al cohol.i c or hydro-al coholic solution
of hydrogen pe#Sxi d& d ot ge(ﬁfapﬁléﬁh Tumy; 3 3 CPREERR and a
buffering agent, in the presence of an epoxidation catalyst suspended in
the reaction FaddPPemangiRe g™ tb Ddinide LY 519k mi xture con- tai ning
t he epoxide corresponding to the olefin, water and the alcoholic salvent;
(c) treating tThe HCIFRTT casEPELiTPedd iyt &tpd¢ bWhersrimerthepht d¥idn of
the epoxide, in order to elimnate 20 the nitrogenated conpounds present;
(d) feeding tB&ErgREFohb) cCeBEiehE 6Bt @tnalgehqt) oromigtage( . @ CThe
process according to claiml1l, wherein in step (c) the treatnent of the
al coh®l i ¢ st r @arrie lef factdediigytuns off 133d i mbcehel soviEht vebget WekERwi th an
aqueous or di 39 8 February 2005 WO 02/ 14299 PCTI EPO /.09076 | uted
hydr o- al cohol @ gdicgticdd & srardiantthdrigiiiefurtitoan a29%- in a quantity of about
10-50 ng/ kg of sulfuric acid with respect to the total stream or by
treati ng 18-he THies pividcesd s glaemd g Hactliadat e’ cavbensinstihé oalcoheési ns or
sul fonated carbons. 3. The process according to claim1, which conprises a
further step () mewhersiln the raw hydro-al coholic m x- ture of the flash
colum bottomis used for diluting the alcoholic or hydro-al coholic ,
sol uti onief. hjdeogencEs peradmbirdedd g siepl {a) wherdie vhtueixeguered by
t he epoxi dation plant. ' : )

10 is a mixture of methancl and water containing at least

70% by weight of methancl.

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

15 - 21. 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. |

20 22. The process according to claim 21, wherein the pro-
moter is hydrobromic acid. |

23.‘.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.

25  24. The process according to claim 23, wherein the concen-

+3



4. The process according to claim1, wherein step (a) fogFang‘ duction .
i.n.cantinuous of al-coholic or hydro-- alcoholic solutions o hgﬁgogen
peroxi de conprises: 15 (a') feeding to a reactor, containing a catalyst
based on pa é2adkesm and pl-ati num heterogeneous and kept i npctieppgsmbon in 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 pronoter. (ii) a gaseous stream contai ning
hydrogen, oxygeraahidn a4F i fREt hHASgefBAEAC R dMEtht Nrihgést Fecporcensrati on
of hydrogen is |lower than 4.5% by volune and the con- 25 centration of
oxygen is | owef ot han 2%y wolsyeirithe 40 8 February 2005 WO 02/ 14299

PCT/ EP01/ 09076 conpl énent to 100 being an inert gas; (b') renoving from
the reactor: (irhl) BrdéQyld MJLATHESSERt icdald i cansi Shdgiof thke agigeam
(i) and a?sd'contaf%fng ;%e%%%ﬂogegﬁperoxjde 5 and water produced by the
reaction, char gebeidered ddh Jdidlorthe -ooRe e Al de OF iyt 0 eHr gt de | S

hi gher than 3% by wei ght; an fiv a gaseous stream essentially consisting
of nop-reacted. h e y ar LWREr b 1938 melQ Ry, The process
accord?ng to cggﬁ%il?gmﬁggggﬁgﬁhggﬁgtg y%?g #%%gﬁé% (g@) contai ns pal | adi um
in a quantity rangin from0.1 t.o 3% Lght d Laygm,i guantity
rangi ng f%gﬁloggf ﬂ%gT@%%§ ﬁﬁFaﬁg}n§ig%yaﬁﬁég%hf%ﬂfa@hg%%f%lg??hﬁ%l and

pal I adi um ranging from 1/500 .to, 15 100/ 1Q00. 6. .The e cecording to
~claim5, wher e?ﬁ%f[ﬁé:eé:at]}ﬁ yerects :ﬁ‘:r%“ &%%%961 1Y %?I(%gal a%}?ua?ngr %%gi ng
fromO0.4 to 2% by weight and a quantity of .platinumranging.fyo .02 to
0.5% by wei ght XU é%‘%ﬁ If:l‘?’at?ﬁlcﬁét iarﬁfﬁ!' b gﬁgasé% aag%l M p%%agng |
from 1/ 200 to 20/10Q._ 7. The process according to claimb5, wherein the
cata- |yst, in28ddtiOR¥% 35d9%adi um and pl ati num contains another netal
selecigd E%onlthose of group VIII  or I|B. =

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.
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8. The process according to claim7, wherein the netal E%’ (L%dbgm um
rhodium iridiumor gold. 41 8 February 2005 WO 02/14299 9076 9.
The proc rding to claim4, wherein the catalyst - i ared by

di sper s.ﬁg"{’ﬂ’éﬁg’ tive components on an inert carrier by ﬁﬁf{ EOypo076
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
wirth sul f&ni ¢ Yrowecese anaenskgrtesto actaidi hig veekedh M 0th@h&REPN t he
carrier 10 is an activated carbon selected fromthose of fossil or natural
origin derivi mpd rohresnd,(iiigriilte, opFaenorcayocoautsuapd livdyiugld sasf ace
area higher than 300 nR/g. 12. The process according to claim1l1l, wherein
the carrier 1%&aw matacri#&Vvapedecarborsaitiangtialsly f pesearsdyadtichedan

reach a value of 1400 nR2/g. 13. The process. according to claim 12, wherein
the carrier Iisicredctivat edndarirdmaon flrom Sk f hoe Hreachii ghergamanr 600
n2/g. 20 14. The process according to claim1ll, wherein the acti- vated
carboh has a laow ,asthe omdmpisitibon ThE hecessaaec diidimgoding| Broughtwher ei n
the catalyst 1is dispersed in the reaction nmediumat a concentration

rangi ng from Gol thelQ¥siyedei ghlue2Bb l6thEheaduridcess afcar dengteblecl ai m
15, wherein the cata 42 8 February 2005 WO 02/ 14299 PCT/ EP01/ 09076 lyst is

di sper sed i n tdigvdeagtdgnged umeatt aggoncen tration ranging fromo0.3 to 3%
by weight. 17. The process according to claim4, wherein the liquid stream

(i) consizts afheanpBbeodw! a8koplixhyl &Pf cdik4 4, 5 vleaeliol sl aiguxture of
sai d al cohol s vvlth water with an al coholic conient hi gher than 50%
stream (iii) leaving the reactor has a concentration
10 of hydrogen peroxide ranging from 4% +o 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



18. The process according to claim1l7, wherein the alco ano

19. The process according to claim 17, wherein the nlxtgfgem?%vgﬁbg nlxture
of net hanol and water containing at | east 70% by wei ght of methanol. 20.
The proce® ®&BWIdi ng to claim4, wherein the hal ogen- ateBCPEBHMDBETs i S a
subst ance capabl e of generating halogen ions in the liquid reaction

medi um 15 21. The process according to claim20, wherein the halo- genated
pronoter is selected from substances capable of generating bromnide ions
such as hydr obrefidem@ciaticandof t BySabbsns ehulfieg Fxidie 0 &Rctoon. Aedbym _
such as al kaline brom des. 2022. The process according to claim 21, wherein
the pro- moter s dialr QRO Cvatitle ThndIOEesS: dieCordi digyden Chanmrifg
wherein the concen- 23.tration of the hal ogenated pronoter ranges fromO.1
to 50 ng per koeQdm S®l4l 10y 2524. The process according to clai m 283,
wherein the concen- 43 8 February 2005 WO 02/ 14299 PCT/ EP01/ 09076 tration

of the hal sgenaired progmierabangainky @9 bikiin 10 Mndesikorat sabiban. 25

The process according to cIa|n1 wherein the acid pronoter is selected
fron1sgbstance§ﬂ5@ggpl ? eﬁgréﬁc9¥gr%9?”rb82§lb@=t@? r@action
medi um 26. The process acco |ng o] a|n125 wherein the acid pronoter

s selected fromlagroan cact ds,such agrsul- fw%g%%ggah%' C syt

acid. or organi ¢ acl suc as sul'fohic acids he process

according to C'da{e;"ﬁ%%%{ &4 é@gaég gorpé ik LAgSHhEU GGG Bl

phosphoric aci e process acc alm In the concen-

oo 00 O S S EAROGR DO ORI B kel S 15
promoter ranges CIE{lOtrEJ_O]hO éf }?0 nrégo% use (1)1];3 %.?ll %El'e prdcess '
10  39. The process according to claim 4f'ﬁherein 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



30. The process according to claim4, wherein in the gaé ' am (ii)
the concentration of hydrogen ranges 20 from 2% to 4% bygx'?’%%?%%?ﬁg t he

concent npbip®My20§ OXy- gen ranges from 6% to 18% by vol umagcif@1esdmel ement
to 100 being an inert gas selected fromnitrogen, helium and argon. 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, wherejRdd e Ganes %%Bsgée@(gnﬁé)bgpg. oxygen can be supplied

using as raw material pure or stantially pure oxygen, en- riched air,

cont 2t nf gy {1 Q2 A6 0L HKNGED 96 T3y 4 NSeLAIRAS! g ghothe Stream

then being brought to't desire ( a'surtable
the 11 qu d  stredniisse catfrabihe Tolocear s 0 AEnEHNRR =807 "
atcording Lo SPTHRY G e FRR HeATHUTY S r Bari(EmAS i SERATRA oBTr om the
Wherern the IRl 5o SPAACYE T Ga B aE U R PER | GRS STaP BRSS! de
pracess aceor i Folb b iy AR el et o T
t he ine’rt4%s'ga ?hecé’ CAI TS aa%?ﬁ‘fﬁangogi?e PAR dfqleﬁi/&i]{%g%eeﬁﬁ%ggo or

| ower than 2%.and a vol ume_concentration of oxy- gen |ower than 18% 37_

The process ad¢CofGTRG 4 FZ0 861 rTRfersaT RS g BERGEBANPTi V)

| eavi ng the reactor, contains a volunme, 45 8 February 2005 WO 02/ 14299"
- gas—1ift reactors with internal or eéxternal 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



PCT/ EP01/ 09076 concentration of hydrogen ranging fromO0.,5 59 &; 5by .
vol une and a vol une concentration of oxygen rangi ng from 6°1012% 38. The
‘process .according to claim4, wherein the gaseous stream (iv) |eaving the
reactor iwWaeMe¥ed to the feeding to the reactor, after PCDEROngpofed omthe
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 StfeanﬂdiV&née@wﬂﬂﬁréh§tf§$%iﬂ§ (1586) t 8o9RRNY! BREE rekbagauent
reactors operating anal ogously to at de- scribed in claim4, after addi ng

each tirme a quaniddior 0behXdOGel Abioxygen epseuially £apabahertbat used

15 up by the reaction which takes place in the single re-" attors. 4.

process. accor 4y H@a6l alfdee YOPLPT BoPIE HEAE! 108 o194 rbethiouLrpl

;tenperature ranging from-10 to e process according to

claim 40, wher Gldh tNe.LEy BELALAM EnhARIRE- AR % O A hotdomTREROCESS

according to claim4, erern e reaction 1S carrié€

pressure rangi f to . ar 25.,43. .The_process .accordi.ng to claim
42, V\:hgl’ ein the ao]tlgfn- k?%&tﬁgr yosf20§§l\x6nd-2/ 14299 rﬁ&ﬁtﬁﬁglﬁg’gﬁggeg
pressure ranges E&%ﬂhﬁo to 50 bq&s. 44 . Th r0cess %cgording to claim4,
wherein the reactor 1% a feactdr sﬁ??%%%%n$%§ Bﬁ%&gFlﬁg in continuous and
carrying out the reaction in a triphasic_syste b 5 taining.an.etfective
cont act betmeenﬁaaggﬁﬁglﬁ%a € p¥?%&§% %Fag eaﬁhtgﬂ@'egtﬁgﬁsglﬁgﬁi il
suspension. 45. The process according to . claim4, wherein the reactor is -
sel ected from sti a S, t 0 s edct with
Sane! égmﬁ'e 't oF SICERMBRT R F ARt BREEoR? GRESESFERPeqtt BFE

internal or external circula- 10 tion, 46. The process according to claim
4, wherein the PedRreehRaCtPHE 6f tRAECH dfi PR UNFPRCRHRIRRagt SHPFanges

10 ported decomposition catalyst ha€iﬂg 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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fromO0.05 to 5 hours. 47. The process according to clain%E% mheégjn t he
resi- 15 deuce tinme of the liquid mediumin the reactor Bﬁjeryf r?'no.,l to
2 hours. 48 The process according to claim1l, wherein ste b) for the
productigﬁ) 14g%oxides conprises: (1) feeding the liquid gEF&E&V@WWi)

| eaving step (a) 20 to a reaction unit consisting of one or nore reactors
contai ning the epoxidation catal yst suspended in the reaction sol vent
together with the ol efin, hydrogen peroxide and a buffering agent; (2)
feedi ng. the fhiem &l Fheuildapd aéﬁtaaeea?\ﬁea@iwevflzstqteiaﬁi8-hsghiliia'rs fed
to a distillation unit consisting 47 8 February 2005 WO 02/ 14299

PCT/ EP01/ 0907& 1ok cielwmn nBfelstei ehitirgyf | ashXheolhaads,. e $oiveath
reactor of the reaction unit, to obtain a product at the head essentially
consi sting of whliehi niexitkcwmided nén- reket eteatieidom andta prloduandat at he
bottom essen 5 tially consisting of solvent, non-reacted hydrogen

per oxi de, wat @rodndireact i tme bpoptoducessefd)idldaedi cunaimt proodoft rat- t he
bottom of the distilla- tion unit to a deconposition unit R4 consisting of
one Br nore eeddbor wedicdmwarel thatserfiaasyadnvathi hige ahpdpoden poeted-
deconposition catal yst having the function of deconposing the residual
hydr ogen peroxidee iretaetG2rand/-phdiudty dedingcéseofn xdéuvent pawhinght he
deconposition unit R4, essentially consisting of solvent, oxygen and wa-
15 ter, together ddisidhaayddrert gas to a phase separator V4 to obtain, at

t he head, a gaseous phase containing oxygen, inert gas and traces of

sol vent and, au)thRediid Ofiheapkbguictt phaseheOhskst 0T e sotveppinyat er
and reaction by-products; 20 (5) feeding the gaseous phase leaving V4 to a
conden- sati 0Bo3¥EhW)C HYeIhat WAt FORGOIvEmE epcomtensess tie seates for

the recovery of the residual solvent, whereas the non-condensable
conppyinds (oxyges akd 4 NdiLFilORSidtBoltAGeE Oftcsdmantn argrdisesarged,
| 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.

- 49



25 (6) feeding the solvent |eaving the condensation sys ége { ruary
2005 WD 02/ 1- 1299 PCT/ EPO1/ 09076 ter. and the liquid pha P'é‘é{? 4 t0
the distilla- tion colum C6-A to obtain, at the head, , the solvent which
IS recycl¥e o2g429e reaction unit (a), and a product, at tkher/Rpdnme
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)
together woth trhe yebdkepsodUebdehot e r8acinl 019,0rnhd e Bn dilse | b BE&0D
colum C4 to -obtain. a product, at the head, consisting of non-reacted

olefin, recy- ¢kefihe e ressddRdatilbh, ch dlughe atichiiel bghasatom
essentlally consisting of olefin oxide; (8) feeding the product at the

bottom of the dleavlhtgawléﬂel PRAC WA 1 R dd | sAt 1108 §y§t§m§5 to

recover the residual olefin, recycled to the reaction unit, a liquid
phase essenti akbkynConlsh) ng0f, sgle dElls EREYacthed g fi@sfegotym(s),
and the olefin oxide wt a commercial purity. 20 . The process

i th
accor dj ng O(I’)l g%ng\%%gﬁdgaﬁaql Qi gbgtu%p A0 of h&es%o‘éﬁﬂ&} effééé e

condensat i I'qui d phase |eaving to the

disti| lation eabumCoeA COBSLATR LN A Ll Yed aausos Ghchudioen:

al cohol i c7sdl uti'on“cont ai ni ng sulfuric

to the total stLe gr%84%h% E%gduggyt coluM%%e SO4Vent qalggoglggﬁggnSO

The process accor to0 clarm ferein eavi ng
condensation s m and th uid has av V4 are fe s the
bottom of the §I§§i|ﬁ£ Nl ?Fcﬁ#uﬁﬁ € ﬁﬁé gg I he PEEAHE gglﬁi dﬁh?s fed
to 5 a height_e o about . 2/ 3 of. the col.um itself The cess
according to c ﬁg eﬁﬁ@ﬁe%ﬁetH@régﬁﬁ9ﬂ501vent 1S Separateg ab' i

10 . bottom.

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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| eaving the head of the colum C6-A is fed to a colum - i der to
separate the |ight products at the head, whereas the pu%??&@ﬁ”@%ﬁ@entfs
separated at the 10 bottom 52. The process according-to_claimb51, wherein
the streXi®9%4t?Phe head of the colum C6-B is sent to a dPSTAEPPLOG on
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 |ight products, at the head. 53. The process.
according to adian(148, wherein in step (6) the solvent-at the head of the
colum C6-A is recycled the hydrogen peroxide synthesis reaction after 20
treatment with activated cahpons, suhgonic resins or sulfonated carbons.
54. The process according to claim48, wherein the reac- tion unit consists
of three reactors R1, R2 and R3. 5% The process according to claim1,
wherein in step (b) 25 the ol 6¥A=Cs sel ected from those having general for
50 8 February 2005 WO 02/ 14299 PCT/EPO /09076 nula (1) RLR3 1/ C===C5
11 R2 R4 wherein: Rl, R2, B3 and the same or different, can be

hydr ogen, an al kyl radical wth from1 to 20 carbon atons, an aryl

radi cal, alkylaryl radical with from7 to 20 carbon atons, a cycl o-al kyl

radi cal with iR k0 #,9 B, carbandakQpsthan sinky |y chosabkyhty adanal with
from7 to 20 carbon atons. 56. The process according to claimb55, wherein

in the com pRURESRRMELY drorauba (dadidde waghcarenRL, t& 20 B8rpod R4,
can form in pairs, saturated or unsaturated rings 15 and can contain

hal ogen at ons o idd,0,al)l dF¢1 eragidal TORN &yARE Vi1€l:aldi& 16SIBED OF AHRS T
carbonyl, hydroxyl, carboxyl, thiol, am ne and ether groups.
to 20 carbon atoms, a cyclo-alkyl radical with f;om 6
i0 to 10 carbon atoms, an alkylcyclo;éikyl radical with
| from 7 to 20 carbon atoms.
56. The process according to claim 55, wherein in the com-— .
pounds having formula (I}, the radicals Ri, RQ,VR3 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.

th
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57. The process according, to claim55, wherein olefins QFV|ng gﬁ@gula (I)
are: ethylene, propylene, allyl 20 chloride, allyl alcoh®o i
pent enes, hexenes, heptenes, octene-1, 1l-tridecene, nesityl oxide, iso-

prene, cyprmgmﬁ@ne, cycl o- hexene or bicyclic com pounds g&ERp@ER07T6

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 claimb58, wherein the propyl- ene has a purity of

over 70%:60. Fhe Bracess according ko chalip By, WA Wt REART-ene is

avai l abl e as a str romsteam cracking With ‘a mninmumpurity of 96%

t he remai nder gBQSngl gpggﬁ59r§gagge§nqomyplcaI C3 inpurities. 61. The

process according erein the olefin fed to the reactlon uni t

consi sts géofrfﬁg gk%g Qs agfogmghggﬁg (ﬂsétu% eggfgtgﬁg The

process a rdirn In efore én teri ng r%aCtl on unit,

the fresh olefin is purlfle in the distillation I

process accordFﬂS 6 calva?i %&‘} orei n{:Jf%aeml %rﬁlmd S%%a#hreng:m%lﬁ?gl sﬁg}éd to
step (1) so as have a no] ar 5 rati efln/H2 ran 1to
6. % “The arae@ggn%c%m% ?% B 8 GRBRRHEEne e D
ol efi nf Q2 ranges fron1§ % l The process according to claim48,
wherei n the soPYERERSUSEE i“¥PthHE eﬁéx?@%??ﬁﬁ F8action consists of an al ¢o-
20 hol or mxture of Cl1-C4 al cohols or a mxture of _said al holf

wat er wititan APEOREIISE SEoRGHHigher© t FadB0d6 - 680 SFe “pr %%%%rdlng
to claim65, wherein the alcohol is _nmethanol. 25 67. The pro ess accordlng

to claim65 whefeltR. the FPREHLENSING FEINFASED G5 WS T/

PCT/ EPO1/ 09076 )
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
(3]



"Is a mxture of nmethanol and water containing at |east % b ~ght of
~met hanol . 68. The process according to clain?48, mhereiﬁ¥€#%u§3$$@g- i ng

agent is d fromammoni a, ammoni um acetate, 5 anmopi | ate or
a systenygﬁkgﬁgging of a nitro genated base and a salt thg¢ﬁgk&@?ﬂﬁ 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 tao the epqgxidation reactar, ip such a quantity as, to majntain
the pH of t he Jedc oo 0% ek RARSHs (l WG Sjehad PVed CahdLerohs, . at
a value higher than 5. 70. The process according to claim69, wherein the
pH of 15 the "3ady &eigba @fe Bl idkai ned at a value ranging from5.5
to 8. 71. The process, according to claim1, wherein the epoxjda- tion
catal yst &% stldie EBPGeSSsACHEH TG d1R 1G4t uh, sihekalnt Ege\/\ﬂlﬁfﬁﬁ“l\/Fl
structure, titanium20 silicalites with a MEL or internedi ate
MFl / VEL. st r ucinduradedtt bt aseéerteds feom Aoy a:i (NP @hdaravRk§a BEA
structure. 72. The process according to claim71, wherein the cata- lyst is
sel ecbed fromammogiiim S9iiilie t es Raviyrtgenconsistanaf edma anikryr 8
February 2005 WO 02/ 14299 PCT/ EP01/ 09076 xTi O2- (1-x) .Si2 wherein X
ranges from 0.980@tedh tese4 anzB.a Hed Pprideese ot 3y evIshaEnp¥2innherein |
inthe ti- taniumsilicalite, part of the titaniumis substituted 5 by’ ’
met al s sel ect @ddlemdm leerigh, al uminum iron or gal- lium 74. The process
according to claim1l1, wherein the catalyst can be used in the form of
powder, el etThe mpirocesssploercesiirgxttraudeldior 48 hevheoaienteat bplfskeal
forms. 10 75. The process according to claim74, wherein the cata |yst can
be used in a degbiagathitod swifteddl dd icgand nicors gelhh ovna chirtherrsebented from
silica, alumna, sil- ica-alummna, zeolites or activated carbon

10 streams fed to the epoxidation reactor, 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
h
w
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.76. The process according to claim1, wherein the quant%tz}éio lé,hﬁ cat aI yst
used in the epoxidation reaction ranges from 1 to 15% Wer

respect to the reaction mxture. 77. The process according ,to clai m 76(
wher ei n. WOO2/4H2dh- tity of catalyst ranges from4 to 10% tI’gC'IV\Btog/IMMWth 20
respect to the reaction mxture. 78. The process according to claim1, '
wherein. the epoxida- tion reaction is carried out at a tenperature ranging
from20 to 150C. 79. The process according to claim78, wherein the tem 25
perature ranges from 40 to 100C.,p4 Ose %1 F}g{):gy@ry 2005 WO 02/ 14299 _

PCT/ EPO1/ 09076 80. The process accor i ng to cfaim 79, wherein the tem

berature rangaméroimoe £andac. s8in BNO0DROEESS acording to claim 54,
wherein the reac- tors RL and R2 operate at a tenperature of 55-75C and 5

a pressurgsof 23.bgy ’J':%ce%%dat Of o R31 LPRT AP eSvllereant apaiAl urie- of
70-90C and a pressure of 8 bars. . The process according to clai m 48,

wherein the decom, positien;seact :p%%t:ofofr esicdyal PUdROgen REseRd e ds

carried out at a tenperature rang from80 to 90C, 10 with a residence

time r56mgI ng fﬁ}?%ét&?.sl%e@e@"cte%s fxc%%omg&%o ﬁﬁinﬁﬁcoﬁ@&ﬁg g0 g%{la‘ m 82,

wherei'n the res ence ti1me ranges m nut es The "process
according to clai.m 48, wherein the cata- |lysts used in the deconposition
reaction of residual 15 hydrogen peroxi de. consist of nmetals of group VIII |

or their roce rg ﬁf) erel (t#gq:epom
dati on reggt or %r%r%%?gétgﬁcPF ﬁtngt :%rgr %atgre“act'or"@lergeb bl e reaﬂ}it
gas-lift reactors gg i nter.nal }3 . naI rcul at n iy T%bo
(Conti nuous StTFTed®TanR® Ré'é’ctB §) %’t eﬁompﬁ &8¢ s EE The
process accordi to clai wher ei g the reac Qca I%néfllgs are of the,;
i sot herm CSTR %@%%m%v e Eu PBc8%s OLLEDr ﬁpﬁ‘aetl&e@l ,P,}{J,Yfgt &' °t he
decom_ 25 g05| tion reactor R4 consists of _.one qr fixed
10 ~ 7757 The process according to claim 74, w erein t e 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 quantity
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, wherein the quan-
tity of catalyst ranges from 4 to 10% by weight 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 150°C.

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

25 perature ranges from 40 to 100°C.



;; 8 February 2005 WD 02/ 14299 PCT/ EP01/ 09076 tubul ar re [S. 7 ged in
series.  88. The process according to claim48, wherein tﬁg%g?%pﬁéi%?ng '

col ums @BshALRUNder the same operating condi- tions anq,éililélg‘tn}%?ﬁ, at the
head, streans 1 n vapour phase essentially consisting of non-réacted

olefin, olefin oxide, inert products and sol vent vapour. 89. The process
according to claim48, wherein the '"tem perature at the bottom of the

St S GBSl 0083 Rl B1CE0 A0y id [ BRLSEREC el e o
purtl} - £at1 SR SO, Scons L o bipgalume, | sert o ul i a nior
present, 1 BeLton . 1o Liguld, ot Laameqn abp gy sy and dlelin,
puriy > 9. 3%, 9L T PEgCeSg RCoLE 19 L9 LA IE  phet i L i, gonden-

all the reboiling units present in the process. 25 56 _
5 a pressure of 13 bars, and the reactor R3 operates at

a tempefature of 70-90°C and a pressure of 8 bars.

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

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

83. The process according toc claim 82, wherein the resi-
dence time.ranges from 2 to 5 minutes.

84. The process according teo claim 48, wherein the cata—
lysts used in the decomposition reaction bf residual

15 | hydrogen peroxide consist of metals of grouﬁ-VIII or
their oxides.

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

L
/

dation reactors are selected from stirred reactors,
bubblie reactors, gas-1ift reactors witﬁ infernal'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 Rl, 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
th
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88.

5
89.

10
90.

15
91.

20

25

tubular reactors arranged in series.

The process according to claim 48, wherein the strip-
ping columns operate under the same operating condi-
tioné and discharge, at the head, streans in vapour
phase essentially consisting of non-reacted oléfin,
olefin oxide, inert products and solvent vapour.

The process according to claim 48, wherein the tem-
perature at the bottom of the distillation column C4

does not exceed 80°C, with residence times in the or-

der of 1 minute.

The process according to claim 48, wherein the purifi—
cation column C5 consists of two columns in,series
with a high number of plates and separates, at the
head, residual vapours still preseht, at the bhottom, a
liquid stream containing solvent and olefin oxide and,
laterally, a liquid stream consisting of olefin oxide
having a purity > 92.8%. |
The process according to claim 48, whereih the conden-
sation heat recovered at the.head of the column Cé is
used to supply all the reboiling units present‘in the

process.



