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_PROCESS FOR THE EPOXI DATI ON OF OLEFI NS

Abst ract-: The

‘invention described herein relates to a process for the Sitethlydrianos

~epoxi dation of olefins with hydrogen peroxide in

a conti nuous fl ow

‘reaction system wherein the reaction mxture is passed through a fixed
cat al yst (FBNTERNAKIQNAE ARRLIGATIONRUBLISHEDA BNDER THEPATEN ECROFEBATION AREAEY CT) east

partially renoved during the course of the reaction.
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(54) Title: PROCESS FOR THE EPOXIDATION OF OLEFINS

(57) Abstract: The invention described herein relates to a process for the catalytic epoxidation of olefins with hydrogen peroxide in
a continuous flow reaction system, wherein the reaction mixture is passed through a fixed catalyst bed in down-flow operation mode
and the reacuon heat is at least pamally removed during the course of the reaction.
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“PCT/ EP02/ 02286 1 PROCESS FOR THE EPOXI DATI ON OF OLEFINS Prior Art 5 From
ER-A 100 119 it is known that propene can be convert ed28epnlsco@ons

“peroxide_into propene oxide if-a titaniumcontaining zeolite is used as

. cat a| yst WQPH@Ba#Bed hydrogen peroxi de cannot be recover ed PETERORAOZ285| y fr om

. the 10 epoxidation reaction m xture. Fuythernore, unreacted hydrogen
peroxi de invol ves additional effort ',and expenditure in the working up of

the reaction mxture. T | ' I I.s_.therefore preferably
carried out with an excegwgﬁﬂgi—hgr@ﬁgﬂﬂﬁﬁ@r@ hfl:gﬁ]mﬁydr ogen per oxi de
conversion. In order to achieve a high hydrogen peroxide conversion it 15
I s advant ageous to use a continuous flow reaction system Such a reaction
. system mayrdePdintse eit her one or nore tubular flow reactors or an

*arrangenent of two or nore flow m xing reactors connected in series.
Exanpl es of flow m xing reactors are stirred tank reactors, recycle

“reactorss, Firbaigh-ae rgag I X reactors wth recycling 20

*of the liquid phgsleb.djlqgg Oﬁgg% q{ngwggﬂfatetv 'eog)eﬁ?g%nr g‘%&%&?ﬂr@t@i’%f‘@%
propene c@etextdeainimn properchexideqif th RIB&E uNSCOIREBFFRY YeolHEE | ?%FHO& i s
thereforeﬁﬁie{erably carried out under a propene atnosphere at elevated
pressure W Al¥ste 25 effect that a multi phase reaction systemis in

general present. Furthernore the epoxidation of olefins with hydroperoxides
is like nost oxidation reactions highly exotherm c. Thus precautions have

to be takﬁnreacttxedelisc*drbger?‘%EFéﬁiﬁnbaﬁr@fDH@'re€§Y1éﬂéﬁ &?Eﬁtbmﬂ?dﬁ%aﬁ%% Qﬁ?t he

exothermc. .30 reaction in order to control e reaction. i's probremis
ﬁpecil’g | gPoptdatdon deact ioncoixtiureos Hurbherspee o unreadted hydrede eérogidd or s.

o e o BB 3 BRY oRE oty ShS b6 Eing o 57 The ™
3 rea;tion mixture. The epoxidation of propene is therefore preferably
carried out with an excess of propene and up to a high hydrogen peroxide
‘conversion. In order to achieve a high hydrogen peroxide conversion it -
15 is advantageous to use a continuous flow reaction system. Such a
reaction system may comprise either one or more fubu]ar'flow'reactors or
an arrangement of two or more flow mixing reactors connected in seriés.
Examples of flow mixing reaétors are stirred tank reactors, recycle
reactors, fluidized bed reactors and fixed bed reactors'with fecyc1ing 
20 of the 1iquid phase.

-;n order to achieve a high1reactidn rate é high propene concentration in -
the 1iquid phase is néceSsary. The reaction is therefore preferabTy
‘carried out under a propene atmosphere at elevated pressure with the

o 25  effect that-a multiphase:reaction system is in general present.

- Furthermore the epoxidation of olefins with hydroperoxides is 1ike most
oxidation reactions highly exothermic. Thus precautions haveutb be taken
to ensure sufficient removal of the heat generated by the exothermic.

"30 reaction in order to control the reaction. This problem is especially
' pronounced in continuos flow: systems using fixed bed reactors. Moreover

- conversion and product selectivity in epoxidation reactions of olefins.
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2 are highly susceptible to tenperature changes with the effect that. ':
efficient tenperature control is off uppernost inportaBSeptembeA2003 anetto,.
"Mul tip ﬁg%ﬁgors: Types. Characteristics and Uses", 5 in l\/UIti,p‘hase
C . Theory, Design, Scal e-up, Heni sphere PBEFEPA2/RISe
~Corporation, 1986 criteria governing the choice between up- flow and
down-fl ow fixed bed nultiphase reactors are given. Advantages of up-flow

regi me cogpaddhl ifi e ; 6, i resul ti in

i mproved heat _gnd)p r?gg(\égbtt?gﬁ%vftgr ;gé"%?@%‘ﬁ"et E@é@gﬁeﬂtﬁuﬁ ﬂﬁ?\?tr 5?'82 t he

up- f | ow ofEFigrient temparatase kiogbesl is%mbﬁémogﬁsi/mgbﬁtﬁrﬁeﬁmss transfer
coefficients; better liquid distribution in the cross section: better heat
di ssi pation and nore uniformtenperature; better wetting of the catal yst

3

: dth ' ch ffecti . Sl ower ' of th
atal yat ooyl et Eas M RNESR ReaCtdil Tineoaaractaristies dpeUsRsS.

| ar ger Spr &8 i tiphaspsChendcal @aastgpaer T 2P YR Bk ape20
react or hEsb.t_o conprise nmeans to hol d.g%éﬁgygg{égiigﬁs{t g??lféslugéleﬁgﬁ‘hg@%%ree of high
vel oci ti eBUPTishing Cagporatiefhs 886 cestartiangeverndng¢he hehdiica etwaad

I NCrease ¢y i.bl.e e us side.reactions can occur. 25 In view of
t he -adv anﬂadg‘i‘e g Hgmsqoﬁhr Q&B’gﬁﬁ@?@gﬁ g'ﬂ"ll g’rﬁiﬁﬁ dieaghersiaes igixenofdvaptagesw
oper at i onodfupafidw edgiiRd coftreartd Bbwﬁﬂhbwf)éﬁzﬁgﬂkggc“o"sy“e“ is the

~natural choice for highly exothermc reac & tenperature control
is inportant. Bettenimixisgatesultirig éntimproved \Megt afd GdaksvBrRaf fap,; exanpl e 8
react ilen. of - pgf)g:%ne Wi tg1 h.ydrﬁq en {)eroxi de using a fixed bed tubular
react or havi ng EotAmenfyTs Klaw rates, the dip-Shew speration providesddghewt

--‘n-§Vert he| ess 2yciRREERE gagAlguid a8/ I8RE4sh coefficients; |

- Dbetter liquid distribution in the cross section:

- better heqt dissipation and more uniform temperaturé;
B - better wettﬁng of the catalyst and therefore 1ncrea$ed'catalysf
15~ effectiveness; |

- slower aging of the catalyst

- avoiding cdmpacting of thé catalyst bed.

Disadvantages are: o | ,

- larger pressure drops and higher energy expenditure for pumping;
20 - -reactor has to comprise means to hold the catalyst in place in

[

case of highve]dcities: . : - ' .

o higher mass transfer resistance inside the 1iquid and an increase
in possib]e'homogeneous side reactions can occur. |

25 ,I_n: view of the advantages with respect to heat transfer and dissipation
- up-flow operation of a fixed bed reactor for muttiphase reaction systems -
is the natural c_hoi_ce for highly exothermic reactions where temperature |

control is important.
30 This is also reflected in WO 97/47614 where in example 8 reaction of

' prdpene with hydrogen peroxide using a fixed bed tubular reactor having‘i
- cooling jacket in up-flow operation is described. But nevertheless



'3 PCT/EP0Q2/ 02286 yield and product selectivity are still insufficient for

_commercial purposes. EP-A 659 473 describes an epoxi daBdptemipro0ess
wherein %ad@@w d mixture 5 of hydrogen peroxide, solvent and propene is
.led over B¥2%sion of fixed bed reaction zones connect BSTIEROHEXBES i n

. down-flow operation. No tenperature cogtrol means are present within the

reactor to renove the generated heat fromthe single reaction zones. Thu

each. reagtdign n consi dered.as, an i pdependent adi abatic reacto
I n each rggéc];a i %’?Bﬁﬂd%@%@?y'@:&’cﬂ%ﬁt? 1 H@F\"gﬁéﬂﬂ o‘poé' gameergial
conver si opyurpobes. i qui d reaction mxture is renoved from each reaction zon

is led over an external heat exchanger to extract the heat of reaction,
- and the nmajor proportion of this liquid phase is then recycled to this

reaction ggne a,mnor proportion of the |liquid phase is passed to th
next zone.ép?‘asi\fq?ﬂedefgﬁ%bq£ﬁﬂ Pk °BrlU'|@§ﬁ§5i"§‘ef‘@§1 iah Tigigist méxtumet h th

. i qui dsf eefl hyg# * | i reamto the ljquid
phase over 4 hedq‘é?ﬁxg@dﬁ%xgg&r égz\{%ngﬁ(g ggp&]aeﬁggﬁséibﬁ%a ch‘éﬁssﬂﬂ% 0éJnd of
the reacfixed badsreactionazitiesi conneotdchan! setded 1re dGim OF) oW Iperatic® RO

oxygen- cgnt ai ing wast e_. gas stream Altho_u%h this reaction procedure
enabl es 2 emtpﬁ’é&ﬂﬂr peErekimeany; anejpresent-witihde dthec oegetiord to cremove dohiei onal

S
r.

€,

e
e

t ubul a | I WL trol,d i, bed in EP-A 659
4730 1 SERERE PR YRt SRS RITRCT Gt ith SBh S racko Beactden zstunt of

the conptaxbe yconbiddredr 88Gh MUHEAAT BETHH r fnO EadigRESS-
25. FE m US- A 5 849 937 a.procese? for epoxi dagf?oﬁr‘?%g?&;r gge%éac%g:éan%:‘%

ydr opBr ofiNgethe:Epact ianl §5 pegienmedniaiaoparrtdail deonviess komwihe ThHeutdact i on

W xt | Saf . scad f . i all ted fixed_bed t [
down- 1 ovi ecgort R feure® 1€ 3500, SEtm rack sReTan.zone. S Apddmep am the |

Leachi 0 SXUCHR1ANGSE ekEfiaider By extRAQ! She HlbY SFIELAAL YR thalhd 0
with™ xchan ans.

acconpl i shed and the reactors are not equi ppe eat” e

Li ke in HHOROBHONAGR thiie Vieuidiphasacks then reopoied by thESSredrtibe zone

and a minor proportion of the liquid phase is passed to the next zone.
15 At the same time gaseous propene'is fed in together with the liquid feed
' stock mixture, is guided in a péral]e1 stream to the liquid phése over
- the fixed bed reaction zones, and is extracted at the ehd of.tﬁe .
reaction system in addition to the Tiquid reaction'mixture as an oxygen-
containing waste gas stream. A]though this reaction procedure enables
20 the propene oxide yield to be.raised compare& to conventional tubular

‘ | reactors without the temperature control described in EP-A 659 473, it

_ nevertheless involves considerable addi_tidna] costs on account of the
- complexity of the reaction system required to carry out the process.

25. From US-A 5 849 937 a process for epoxidation of propene using ,
“hydroperoxides especially organic hydroperoxides is known. The reaction
mixture is fed to a cascade of serially connected fixed‘bedlreactOré in
down- fTow regime with respect to each single reactor. Similarly to fhé.
teaching of EP-A 659 473 in each reactor only partial conversion is
30 - accomplished and the reactors are not equipped with heat exchange means.
- Like in EP-A 659 473 the reaction heat is removed by passing'the  |
“effluent from each reactor through heat exchangers prior to introducing



effluent from each reactor through heat exchangers prior to introducing 2
Sept enmber 2005 4 the reaction mxture to the next fixe@ Sptemieac0os i n
series thereby adding to the conplexity of the reaction system The

di sadvant ages of the reaction systens as discussed in EPA 659 473 and US-A
5 849 937 are the conplexity and thus the increased costs for investnent
and the high susceptibility to changes of process paraneters |like flow
velocity due to the adiabaticly operated i ndependent reaction zones and
reactors respectively. In view of th& cited prior art the object of the
present invention is to provide a process for the epoxidation of olefins
that results in inproved conversion and product selectivity conpared to WO
97/ 476t mm‘-tloe mivtui'ajiortge héed fidédbell atiag esseoibs tHeeelyemdtingtg sheoforkexdtyGi9 473
and USgyf , g% ?g)tg whi ch can be carried out using conventional reaction
syst ens. | ec Pthe Invention An aspect of the present invention

provi des a process for the catal ytic epoxidation of olefins with hydrogen

e pas i iRadyanRih 3 P eac Bl B B s SeA SR B B o DB ol Firer of
a fi xedrebel complexitr arcithps thei ingeasedl dosiy fmamtmentmﬂdhahghtsbscapﬁlaiﬁmton heat
I's at Elﬁ@gﬁgfi%lob&!s arél'ﬁgigyelfi!(e(?lg '\)gﬁzct%gue POC%HE%%]E}B&H! &oqeﬁ% %wae ?t her

aspect T vent I on provi‘des a process

epoxi degacton zsnes @gnd peactorsaedpetiivdlyogen peroxi de in a conti nuous fl ow
reacti on system conducted in a nultiphase reaction m xture conprising an
| i qui d agueous hydrogen peroxide rich phase containing nethanol and an
l'i qui dinorigyaoi the gitepprinr arf ibé opjectsd thenpreseitinvehtion isdc provitierd prboess fosthpassed

th | /

per P Eer Aa e R ptOVRL e B8l for TR R s ST EA S ol
r enoveWO iAT6ig wiile avoigingethe tisatheantagestdf the. teédmﬁ'gseofrErFEAGﬁQ 4i78waadt or s have
sur P! 651005 8elog YRS Sdn L8R | o) Do RofSRETAnb B PRRK Know edge as

exenpl | ANEr 6 supr ¥4 react or can be
successfully operated in a dovvn flow

Subject of the Invention

An aspect of the present invention provides a process for the catalytic epoxidation of olefins with
hydrogen peroxide in a cohtinuous flow reaction system, wherein the reaction mixture is passed
through a fixed catalyst bed in down-flow operation mode wherein a fixed bed reactor
comprising cooling means is used and the reaction heat is at least partiai[y removed during the
course of the reaction. |

Another aspect of the present invention prdvides a process for the catalytic epoxidation of
propene with hydrogen peroxide in a continuous flow reaction system conducted in a multiphase
reaction mixture comprising an liquid aqueous hydrogen peroxide rich phase containing
methano! and an liquid organic propene rich phase, wherein the reaction mixture is passed
through a fixed catalyst bed in down-flow




“operdtion to increase product selectivity and thereby overall product
_yield conpared to an up-flow operation as previously ugekpigmbdreopsi or

art. Thi Efect is even nore surprising since it is known that the 10
_epoxi.dati%(ﬁ ¥B5¥Befin is a highly exothernic reaction thaPOTSERRALISGUIt to
. control since this reaction has a considgrably high activation tenperature
and therefore ‘has to be conducted at a certain mninmum tenperature to

achieve egpapstiodl h .Sl Q. t on the. ather hand the :
heat , gen?rpat ed E\y ﬁiﬁ@gﬁ ﬁtej’lre(raﬁcg?&e/z'gﬁ g% ﬂgglepggl;@r&aﬁm EBPQVEL v r enpved
fromthe rdelaé:mg)rtheimsatofiﬂqgeaa@@lid;@rrperatures unwant ed side reactions.
take place with the result that product selectivity is decreased. The

-effect of limited tenperature increase wthin the catalyst bed is

i d s ' - A- 659 .473. {th h I [
< i scl oAt ReREnt hidiedS Bave by sfighy discouncad Gontragurta Ghe 11 oo i n

. the catfal geheldd texttoor AEAqed| t Qudt s, n, EP- A- 659
473 the t:eggperat ure ri sgmbﬁis%dgg]g% Qﬁ%g m)stéeaﬂf}gAl' ;hitaﬁgtgémﬁeghéﬁb%di ment
51 C. Thu$ogleshfixer bed reantorn eantbeguotessPul ¥y 6pSrated e @asdi-Fiew’ i se
W t hin th%ﬁ lyst hed has to be kept as low as possible in order to
achi eve hi’§ ﬁ%’ﬁ&ﬁdtso JRCeRasE Rgdueh sedertivityrand thenebydovenaptrpnoduct ri se
coul d onl y h&ned Col GH - A- 659 condpcting the '
reaction iynbgdgiﬁﬁgl e F%gd@t%ﬂd@gn@étrgaoﬁ 5? %ﬁ?“%é}y 'd%?fbéps%pﬁ?'h t he
resul t thartt Hbisnefifect tis eferi here aagpisingi dineeeihas knﬁbvbﬁtﬁ&%ﬁbﬁd,- and
t e . .

by internediately cooljng the reaction mxture. 30 According to
eachinl:l?g Spo’ﬂ.dlagi'éhé’ﬁet ieﬁ%“a‘ls. avlighlypexatheri careadrioamthiatnas , ditfflhodlr

€ s, pedsbeaspo ke, B oET, SBirsBl RSk Tt 20°012,
31(‘) V\ﬁ?mf/vl mmpm?;até and nghéeefobeUhiad ttto,hﬁé cfoﬂd@%e%ﬁ?f%t %gr%{ignt mi¥inda' "9 2
. %Bﬁgé?a%ﬁﬁé.qg §Eﬁigv§‘323335?2a3?5”?ea§§§36?e c$6§2r51;;. But on-the
~ other hand the heat generated by the exothermic reaction has to be
15 effectively removed from the reactor since at inéreased‘temperatures
| unwanted side reactions take place with-the resu1f that product
selectivity is decreased. The effect of limited temperature increase |
within the catalyst bed is discussed to some extent in EP-A-659 473.
With respect to the examples it is disclosed that in conventional
| 20 tubular reactors temperature rise in the catalyst bed exceeds 15°C°
‘F?A | whereas according to the examples in EP-A-659.473 the temperature rise
' -is 8°C at the most and in the preferred embodiment 5%°C. Thus'aCCording |
to the teaching of EP-A-659 473 temperature rise within the éata]yst bed
- has to be kept as low as possible in order to achieve high yields of
25 propytene oxide. This reduced temperature rise could only be achieved
according to EP:A-659 473 by conducting the reaction in a Sing]e
reaction zone to only a partial conversion with the result that the -
majority of the reaction mixture has to berrecyCIed. and by = |
- intermediately cooling the reaction mixture.
30 - |
' Acéording to the teaching of A. Gianetto et al. when operating a
conventional tubular fixed bed reactor poor heat disSipatioh and



“reactor w thout internediate external cooling of the reaction m xture a.5
hi gh tenperature rise within the catal yst bed due to pche;if@amermms’i'pat l,on
woul d occur that should dramatically decrease product. selectivity and
“thus theWQ®8$587Byt contrary to this expectation, as wi | |PCEERIZ22ES N nore
detail below in the exanples, better pI‘OéiUCt selectivity at the sane °
conversion conpared to up-flow operation node is 10 achieved and simlar or

even bett PRV .on_hydr n eroxi de conpared to the mast
ot of er'r ed TonitToRd tebBtAsBATERR oA ERER s, Bed Rt berBagRLed n

convent i orcalse refadowrif1sy opiFati i pelle | ' B! pLing, was
used. 15 Detail ed. Descripﬁriaon O?H?%e%ﬁégﬁgPg%]%onstéh%ﬁ%r@g%¢ﬁ®ét(r)% t he
present i HFdRF idoAownd ow ceperetidmmode i ai combentidrmally séoleddfprd B&p! i ng
means can pe.used.. Adiabatic. . reaction conditions as taught in EP-A 659
473 and U -g\cé’srsgbt@é'hi Hﬁ&'ﬂ“ﬁd eoextarsplicpol pag rof; dbe yreactiton mixture a

mul ti-tubyigh 1% ' e t S si. preferably. tubul ar
reactors h%\g/i ng gﬁtﬁggr?%ﬁ}ea\gbgﬁﬁa?@é c?%%\’f%dsgﬁ’% %?1@05%:3 andardly .
avai | abl e dissipataon welyd |anour odat isoul dooredniatdcamy deeridagh ﬁr‘“‘odﬂ!:'f,rped

t hr ough t‘he1coql i.gy maar}ls, preferably the cooling-jacket, all standard
cool i ng neGilSCHIVERY @ndsthus dheorield; iBuli eortmanyitos this vexpectationbasused.
Water is : e egs;.accordi ng to.the inyention for the
epoxi dat i gﬂg?gfﬂé&?ﬁﬂrﬁgﬂ "‘%Jréef'@{ag& églpﬂ%oﬁ nee g’éaWEFca{?qtgeEaW'PHB‘éF out at a
t enper at urseleftivify tad tRD Samer@ine t ( cidag t o
preferred eHbodi ﬁ)rr?;]t of 306{“he prgg‘ge)ilrg%t‘fl ,ié‘é]m entf’o‘%b ?ﬁgﬁ%ﬁ%@éﬁtﬁrﬁ% "g)rdgf??-e

wi t hi 1% h@chiRxedognd simikamonieven bettert owaral heyieddsi busedech hydk rature

of : the coqlj f Jhe tubular reactor -is at |east 40C and the )

et o o EOAGBERBarSd S0 Bt S8k PrereR e nbodisenso o b bbankm e @

PCT/ EPO2/ @BE&Mmable although a conventional reactor system without intermediate
external cooling was used. S

15 Detailed Description of the Invention

In the practice of the present invention any reactor having a fixed
catalyst bed and cool i'n'g‘ means can be used. Adiabatic reaction |
conditions as taught in EP-A 659 473 and US-A 5 849 937 should be

20 avoided. Preferably, tubular, multi-tubular or muiti-plate reactors are
used. qut prgf_er‘ably, 'tubu] ar reactors having a cooh'hg jacket are’ . .
apptied since they are standardly available at relatively low cost. As' .
cooling medium that is pumped through the cooling means, preférabﬁ‘t'ﬁe

| cooling jacket, all standard cooling media like oils, alcohols, 'li.qu'i.'d

25 salts or water can be used. Water is most preferred. '

- The process according _tb the invehtion for the epoxidation of olefins, e ¢
preferably propene, is typically carried out at a temperature of 30° to
80°C, preferably at 40° to 60°C. According to a preferred embodiment of |

30 the present invention the temperature profile within the reactor is- o

- mai ntained such that the cooling medium temper'aturé of the co_o]ing means

of the tubular reactor is at least 40°C and the maximum temperature



“wi t hi'n"the catal yst bed is 60C at the nost, preferably 55C. By preference
. the,s -tenperature of the cooling mediumis controlled by2&septdiasaropbat. 5
" The maxi qum terrperature within the catalyst bed is nmeasured with a

-

plural it WO#2/083873t abl e' t enperature nmeasurenent nmeans |i k@CEEPO202266p] €S
. or a Pt-100 arranged approximately al ong the axis of the preferably

tubul ar reactor in suitable distances wi'th respect to each other. V\hereby'
nunber, i r,eac apd . di st ances between_ t he 10

t enper at E%thenggﬂ e%?&ﬂ?y#gﬁﬁg r éﬁé{ﬁﬁg%'@dm? mPRSIRTAb] KSR EmBYr at ure of
the catal psefdreficavtiiel Bempat @ b &neC85d19hg atﬁedﬁigﬁc s %Qnﬁ%ﬁ?ff @&ygm”‘e

maxi num t enperature of the catal yst bed canbe adju

. neans. Deﬁbﬁ—‘moﬁga‘bn the sel ected reactor type the maxi num t enper at ur e of
%15 the catal yst bed can be adjusted by controlling the flow rate of the

reaction m xture passing through the reactor, by controlling the row

“oweri n U "EATA SREC TP IATREY i AT Pefi PR TR abst e

i nert nmat @lerdliteofMsaitdbly taltper‘@lfur‘ehﬁeamﬁéméiﬂ: Weahs ke ﬁh@ﬁﬁd’cbﬁﬁ'léﬁ
adj ust ed tpg i{(ﬁgp @harrterrperature di fference between entry of the cooling

nmedi um i-n ﬁ@ﬂ%%%hﬂﬂ@yta]@égobhﬁﬁexw)r@ d;hatprefémbbw 3C, nost
f bl 5 | ect d f t fil

B thin e hiuat reeenf! B suiaiCdictally BEbY SE3pect: ﬁtﬁuﬁr dge

conver si okhereby mnfer SoYi8Sod HERTN thé We‘éétbrb%naccg‘i% ﬁges %Q N e

vmthln the reactor is usually maintained at - pre erab y 15t

(?.0 barl0 wmptmmeamemmmmmmted to measure the temperature of

the catalyst bed within the. entt_re reactor as exact as necessary.

The maximum temperature of the catalyst bed can be adjusted by different
| means. Dependtng on the selected reactor type the maximum temperature of
15 the catalyst bed can be adjusted by controlling the flow rate of the

 reaction mixture passing through the reactor, by .Contro'ﬂ'ing the flow
rate of the coo’h‘ng medium passt'ng through the cooling means or by

lowering the catalyst actttnty. | for instance by diluting the catalyst
| with inert matema]
20

‘ : | . The flow rate of the coohng medwm is preferab]y adjusted to keep the

temperature difference between entry of the cooling medtum into the
cooling means and exit pelow. 5°C, preferably below 3°C, most preferab]y’-
- 2°C.. '
25 . | , _
| By selecting such a narrowly defined temperature profile wtthin the
.-r'eactor an optumzed balance between hydrogen perox1de conversion and
olefin oxide selectwtty can be achteved

30 The pressure within the reactor' is usually mamtamed at 5 to 50 bar
- preferab]y 15 to 30 bar. '



'PCT/EP02/0228‘ According to a preferred enbodi nent the reaction m xture is .

passed- through the catalyst bed with a superficial vebegiptemddreapd to 100 -
mh, preferably 5 to 50 mh, nost preferred 5 to 30 mh. The superficial

cat al yst

~vel oci t yWiO02(085878ed as the ratio of vol ume flow rat e/ crosPCTaEPIL/OTREYT

bed. Consequently the superficial velocity can be varied in

gi ven reactor by adjusting the flow rat® of the reaction m xture.

Addi t i onal I%D:Mt i sféjpref erf_r e!(:j%{]o pass the reaction mxture through the

catal yst BEP HINE 9 piRRATeres pakodiparte thel beactjon mistore isrpassed 20 h' 1,

10 prefer gk . 31 e flow rate of the reaction m xture

i s adjusted ?ﬁogh f g’l‘% ?F#éli%ﬁebeﬂ\;ﬁe}?ﬁe%ﬁjé]e&?}%ﬁ iVPZﬂ%‘Msfrfqg‘r 1s%é99i'&4fa|

vel oci ty pnefdriablly & toBO lnyh s pose p@k@eﬁéwsp@gtgbcm}tﬁr#%e *&kg&ﬁ%ﬁﬁ tivities
enbodi men

can be achigved. ] ( g@ A
i NGERRTtYn1s dakinadoas dbei ratdonafioodume flowi ritai/ crdssesestiahyef bed in

present
a trickl
trickle

w il be

15 According to particularly preferre

t he

a

of the

o ERE Gathl St pel ! cARSAIBRE SBE P Bl dial | IOk Ehe Candies v inect
of the prasghten?Beddtuety adjisteng ithe FItW ¢

_ ' de. a6l eetivity
particul arly pronounced.™ These congﬁ??gﬁgmg?gaggéhgﬁpgﬁggf 'E;-Y <

ol

2000 mMh and 25. L%/<50mh, wherein G is the gaseous superficial velocity
in mB/h in the_ continuous flow reactor

g@"‘f’ﬁg"ggﬁ@gﬁ e{:'ilt g\év#e%}‘gd tti9ePass dhesteaskion mixturesthrough the | i quid

defi ned
di vi ded

- super fi ci ghtam/sechdd wieh

conti nuous fl.ow reactor
in n210.

1s

20

praferably 1.3 to 15 ht.
Whenever the flow rate of the reaction mixture is adjusted to fulfi]1
the above defined requirements for superficial velocity and 11quid |

hourly space velocity particularly high selectivities can be achieved.

T8 DR S REHT D om0 e

According to particularly preferred embodiment of the pfesent'inVehtion‘ |

the process is conducted to maintain the catalyst bed in a trickle bed

state. It has been surprisingly discovered that if the trickle bed‘staté,

is maintained under certain fiow conditions the effect of the present

invention i.e. the increased propene oxide selectivity will be

 particularly pronounced.

These conditions are as follows:

~ G/A < 2000 m/h and

25

Ly < 50 m/h,

~wherein

.G js the gaseous superficial velocity defined as the gasébﬂs‘f]ow rate

30

in m*/h in the continuous flow reactor divided by the cross-section of
the catalyst bed in m?, |

_-L is the Tiquid superficial velocity defined as the liquid flow rate in

m*/h in the continuous flow reactor divided by the cross-section of the

catalyst bed in m2,



»,and 2, r~s 41 = aw [(EL ( Pw ai w PL 2 Septenber 2005 WO 02/085873

“in g/cnB
_density W0 03485873 | n g/cnB, PAIr is the density of air in BCTEP028286 he

. titani um conttaPhi

-

PCTIEPO2/ 02286 9 Pw PAir Pr ) (_ PGis the density of sepentrseoys phase
Pk is the density of the liquid phase in g/cnB, 10 Pwis the

surface tension of water in dyn/cm is the surface tension of the Iiquid
phase in dyn/cm is the viscosity of tHe liquid phase in centipoise. 1is
the viscosity of water in centipoise. In order to be able to operate the
process continuously mh n changing and/or regenerating the epoxidation
catal yst, t @ﬁ}Eqie ow reactors nmay if desired also be operated in
paral | el od=|p=s n the before 20 described manner. Crystalli ne,
Aiebl| i t,eangspeci ally those of the conposition

(TiR)x(Sia2)1.x where x is from0.001 to 0.05 and having a MEl or MEL
crystalline structure, known as titaniumsilicalite-1 and 25 titani um

*silicalite-2, are suitable @s catal ysts for the epoxidation process

S|I|callte c enpl oyed as a shaped catalyst in the form of
granul es, extrudates or shaped bodies. For the formng process 30, the

catal yst nmay conta{n 1 tg 99% of a binder or carrier material, al
P density of the gaseous phase in g/cm?,

according to Buch catal ysts may be produced for exanple
according ef Eﬁgﬁ%%ﬁgiscribed in US-A 4,410,501. The titanium
P

p. s the density of the 1iquid phase 1n g/cm3

‘?‘ 10 p, is the dens1ty of water in g/cm?,

Pur 1S the density of air: in g/cm?,

oy  is the surface tension of water in dyn/cm.‘

o, “is the surface tension of the 1iquid phase in dyn/cm,

B, is the viscosity of the liquid phase in centipoise,
15 s the viscosity of water in centipoise.

In order to be able to operate the process continuously when Changing '

and/or regenerat1ng the epox1dat1on catalyst, two or more flow reactors -

may if desired also be operated in parallel or in series in the before-
20 described manner. |

Crysta]11ne t1tan1um conta1n1ng zeolites espec1a11y those of the _
compos1t1on (Ti0,) (8102)1, where x is from 0. 001 to 0. 05 and havmg a MFI
or MEL crysta]11ne structure known as titanium s111ca11te 1 and
25 titanium silicalite-2, are suitable as catalysts for the epox1dat1on
process accordihg'to the invention Such catalysts may be produced fbr
: examp?e according to the process described in US A 4,410,501. The -
t1tan1um silicalite catalyst may be employed as a shaped cata!yst in the
| form of granules, extrudates or shaped bodies. - For the forming process -
30 the catalyst may contain 1 to 99% of a binder or éarrier materia!.'a11.
' binders and carrier materials being suitable that do nof react with
. hydrogen peroxide or with'the'epoxide under the reaction cdnditidns-



- binders and carrier materials being suitable that do not react with

hydr ogen peroxide or with the epoxi de under the reacti Qrsébgg}ﬁggrizgn@“\/\b ..
02/ 085873 10 2 Septenmber 2005 PCT/ EP02/0228% enpl oyed for the epoxidatibn.
Ext r udat WO B{%8M¥7% di ameter of 1 to 5 nm are preferably upewmErezbied bed

" catal ysts. WWen practicing the present vention it is preferred that the
overall 5 feed streamto the reactor cjcsﬂpri ses an aqueous hydrogen

id ' | efi d ' | t. Th by th
Component Shigyed hor he’ sexlistion o ihaitkes wath s dineramatit thesdm or one
or nore ofre PhefabPEised’ i i Nt roduction into the reactor.
10 Usi ng thetpproces?eacggréc?ﬁ n%g@bgﬁeﬁtﬁw#ﬁi‘on any ol efins can be
epoxidized in particular olefins with 2 to 6 carbon atons. The process

accordi ng Iﬁpo the inyention is nost particularly suitable for the
epoxi dat | BPFTLPrasticE the priesgathdnvention Torisepreferred ridmsotie ovemyial d  be

referged [ rj e process to use propene not in a 15 pure .
1I‘Oorm bgt géﬁsﬁbgﬁnﬁﬁgﬁﬁcﬁﬁga‘%ﬂw&?ﬁsoﬂ'ér?@”?ﬂ'éft hg(g" an, peroxjgat ai ns E to
15 vol . % sélutiampaan.ol \ | Ll ¥
15 v ytiomaan. oTeToReRl Bﬁwr@@nf@%?@erﬁy ThRbeBythedtClimBRehts may .\

gaseous-f&gcm into the.reaction system The hydrogen” péroxi
process aP®dniredyced inte the emactar aoindeparident ofsudsf ortdnadsie fidpe SEf Ut i on

with a hy e roxide content of .1 to 90 w.% preferably 10 to 70 wt. X
and partigi:iﬁ%gr ﬁ/&grgﬁﬂ%‘?@ PEAOR Jo ptrpduaiionnintg, dhe eacher.oxi de may be

used in the formof the comercially available, stabilised solutions. Al so
suitable are wunstabilised, aqueous hydrogen peroxide sol utions such as are

obt ai A&d Y¥ingi the peocesshacapriding eoptiws daseritdbn PEfuTePhshy¥as pgen per oxi de.
‘The react'on.iiggr eferably carried out in the presence of "a solvent in ’
order to TRRAI4IREd Thdasticidiari @lpTans risho? &pi 6, canbonhcatoblsy [Thepprecessn t h
liquid pha&@rdiid . L], Sokv tStgf\‘i’r are not 30 oxi di sed
or are.oxidi s_eﬁo%ﬁ&@o@@hgﬁﬁ%e@%ngaﬁvcHi'/ﬁ'r‘ el L'Sxf?re the

: epoxidation of propene to propene oxide. For economic reasons it would

. be preferred for an Jindustrial scale process to use propene not in a

15 pure form but as a technical mixture with propane that as a rule

contains 1 to 15 vol.% of propane. Propene may be fed as a liquid as

well. as in gaseous form into the reaction system.

The hydro‘gen peroxide is used ‘_1'n‘ the process according tb the invention
20 | in the form of an aqueous solution with a hydrogen peroxide confent' of 1
to 90 wt.X, preferably 10 to 70 wt.% and particularly preferably 30 to .
50 wt.%. The hydrogen peroxide may be used in the form of the
commercially available, stabﬂised solutions. Also suitable are.
unstabilised, aqueous hydrogen peroxide solutions such as are obtained
25 in the anthraquinone process for producing hydrogen peroxide.

The reaction is preferably carried out in the presence of'a-soivent in S
order to increase the 501ub111ty of the olefin, preférably propéne. in
the 1iquid phase. Suitable as solvent are all solvents that are not
30 oxidised or_are oxidised only to a S]ight extent by hydrogen peroxide
| “under the chosen reaction conditions, and that dissolve in an amount of
- more than 10 wt.% in water. Preferred are solvents that are completely



-sunder- the chosen reaction conditions, and that dissolve in an anount of

noJy than 10 wt. % in water. Preferred are sol vents thaty gdfteibdioptel y 2

- Sept enber 2005 WO 02/ 085873 PCT/ EP02/ 02286 11 miscible with water. Suitable
sol vent sWiOr2l083823 al cohol s such as nethanol, ethanol or tgeimphiénse! ;
“glycols such as for exanple ethylene glgcol 1, 2- propanedi ol or

" 1, 3-propanediol; cyclic ethers such as exanple t et rahydr of ur an,

di oxane Or&?@ﬁﬁ | ene oxi de; glycol ethers such 5 as for exanple ethylene
gt ycol él"‘” hedterat 1éa?é19959hrﬂntswmﬁudeyaloehn‘m sueh lagl ene gl ycol

but yl I I th d ket h
%Pzeiahr?”%?é fnggt“éﬁ&"‘é @E}%{% h%u“tanrﬁrai &Y sugh s fof s¥amplr ellriamey
. used as s
orapene, L0l Ggoh, Toer o . prel Erabl b ng EFSE cHe LT Pt ¢ o

1.1 to SOEX bﬁﬂrdfurm.eﬂmmnbyoraqbdeply]lemeaoMEQht_tﬂyc@fl'éth'éf'sos&ht0 20
he

reIatr e oletinis,pref raI enpl oyed - in excess relative to t
hydrogen Eg f};gx?w Pi'f %Wég é@'@"@tBYbrﬁthﬁEarﬂthMmglﬂQ@n of

chralyer %?‘%’(‘3&%5%%2%?9@% PR T e R Do G568 T

chosen somonamethy eyhemgand Hestoneglgucto U DY iekBmSTe @Eéﬁ)ﬁehgrn 28 anon
pr ef er abl is achieved within 1 mnute to 5 hours unger t he

M@E I han 95‘V

enpl oyed "¢EREP] G PAFAQU th]sV prefesabiihysed asnsoltvansidi ment of the resent

I nvention reactlon condltlons | i ke tenperature, pressure, selection of.
ol efin and selection of solvent and relative anpbunts of the conponents of

t.“éuff;‘aﬁhi'?; ORI e reToPASTCENSTYRS T Exidly PEFRATRSLO thEingldy 20Ue0yS
cont ai ni nBefade imapden $o aghigvegesignificant consumption of hydrogen
peroxide, the molar ratio of olefin, preferably propene, to hydrogen
-perox1de preferably being chosen in the range from 1.1 to 30. The
soh_'ent is preferably added in a weight ratio of 0.5 to.20 rel ative to
15‘ the amount of hydrogen peroxide solution used. The amount of catalyst
employed may be varied within wide h‘mits and is preferéb‘ly t:hosen SO
~ that a hydrogen peroxide consumption of more than 90%, pr‘eferab'ly more
than 95%, is achieved within 1 minute to 5 hours under the employed
reaction cond1t1ons
7 20
¢ According to one embodiment of the resent invention reaction conditions
' like temperature, pressure, selection of olefin and selection of sol vent
and relative amounts of the components of the reaction mixture are
| chosen to ensure the presence of on] y one aqueous Tiquid phase wherein
25 the oleﬁn is d1ssolved ‘An additional gaseous olefin contammg phase
" may also be present. ‘

" But it is preferred to conduct the epoxidation of olefins with 'hydrogen
per'oxide in a multiphase' reaction mixture comprising an 11‘quid aqueous
30 hydrogen peroxide rich phase contammg an orgamc scﬂvent having a
‘_ so'lub1hty in water' of at Teast 10 ¥ by weight at 25°C and an liquid



-But it is preferred to conduct the epoxidation of olefins with hydrogen
peroxide in a multiphase reaction m xture conprising ap ddptsthisbraopgous 30.

hydr ogen peroxi de rich phase containing an organi c sol vent having a

sol ubi | WQ 028856k er of at | east 10 X by weight at 25C andpenyEPozies2sh 2

" Septenber 2005 ~ . WD 02/085873 12 PCT/EP02/ 0228 ° organic olefin rich -
phase. Thereby an even better product s®tectivity can be achieved,. As is
appreci abl e b a(rig ﬂ_grson skilled in the art the presence of two 5

i i sci b|%r9|ar‘i§€n° epHhddshinhager dhereby anyevenmbetiaw peodurtaselacthivity an

wat er m sgdnbh€ fhgaF sol vent and an aqueous hydrogen peroxide sol uti-on

wi Il depend on nany different factors. First of all the presence of an
additional olefin rich liquid organic phase will depend on the tenperature
and pressure applied in the reactor and the selected olefin. 10. Preferably .
the appl i’6d1prappEgetahle by aoy panson skidTedpin the esrtutite presérze of efion at

t he ches . r.a g, Burthernore it will depend. on the selection of .
t he o%aﬁ?ﬂéﬂtlgé%jgniwlg&i bhases W A FEALHIONsBYSteN: capeising as @ledins anhat .
di ssol ve wateAnmizewbTe ophaiiy Solidfh - 3hd fRsoxidecleyned are
sol vents that dissolve Pn an-anourt 5@? \%rm?/%de{bf{%%o&&l%péﬁ.’% ensﬁgl’{tépnat
25C pref #idibl gependeon imany 5 ffiereXiti favkdre!, Pirs256F aThetiDpresdRbest o
sol vents %@q C%{ﬁl e{ﬁe#g n %Chbl e wth water. | n_ﬁrl nciple all solvents as
exenpl i fi 5K QLR 18| BEh hrAUiskaraanichplass witr dependeotokhienent as | ong
as the cangpbp ' reqthe.presence of - two |iqui ases. 20
Addi ti onal 1) t@%?ﬁe@eﬁg‘%&s 5 e?@éégﬂdﬂ&tﬁﬁ Ractor A #necﬁet%ﬂ §igtne |
depentf orPrefierabdlyathe @ppTudpresyiure! £ iat, oMaidie artﬂesﬁtp\ﬁﬁnﬁres}t]?e gpount  of
solvent i,g chposen to achieve sufficient solubility of the olerinin the -
hydr agen %‘Sr% fd_@ at &heaféfw@Ustqm&Eétune-oFmﬁrhermrgeﬁttWié'Ide'end_dorﬂ'&heate 0
reacti 9n-seﬁ\Ec€i ot Y "tHeCBRGRE Yl venf! SuitanTe % e{];r*lgr_é}ma %ol Vent are a1l
solvents that dissolve in an amount of more than 10 wt.¥ in water at
- 25°C. Preferred are solvents that dissolve in an amount of more than 30
I5 wt.% in water at 25°C preferably more than 50 wt.% in water at 25°C. The
most preferred solvents are completely miscible with wat'er,. In principle
all solvents as exemplified above can also be used 1’n.th1‘s-preferr'ed
emboc_iiment as long as the conditions are met to ensure the presence of
two Tiquid phases. ' '
20
Additionally the presence of a second organic olefin rich phase will .
depend on the relativé amounts of olefin, water and sol vent. The amount -
of solvent is chosen to achieve sufficient solubility of the olefin in
| the hydrogen peroxide rich aqueous phase in order to get the desired
25 rate of reaction. At a given temper'aturé . pressure, olefin and solvent
the relative _amounts of ingbedients_ can be adjusted to enéuré for'ma'tion
of a second 1iquid organic phase. I.e. to ensure the fo‘rm'a't‘ion of a -
second Tiquid organic olefin‘ri'chl phase the amount of olefin has to be
selected in excess of the amqunt soluble in the aqueous phase at the |
30 chosen temperature and pressure. |
- A simple means of experimentally confirming the presé_nce of a second
Tiquid or'_gan'ic phase at "the reaction 'conditions is by co'Hecting a



.the relative anounts of ingredients can be adjusted to ensure formation of
a secont liquid organic phase. |.e. to ensure the fornmasepRaflr2opsecond

. li®quid organic olefin rich phase the anmount of olefin has to be selected

i n excesgoQhsokskes anount sol uble in the aqueous phase at tPergBoLHREN
tenperature and pressure. A sinple neans of experinentally confirmng the
presence of a second liquid organic phtde at the reaction conditions is by
collecting a 2 Septenber 2005 WO 02/ 085873 PCT/ EP02/ 02286 13 sanpl e of the

reacti on sampler of itheareawttion mixtweuinpedontdiner equipped olighsa afighte
tenperatur? and, pressure used in the process. @ Alternatively, the reactor
may be eqdi¥pedtviientemparabire;pad pressure ysed 4p) HeHpEeeassn t o observe the

phase bou ' t . AL t eactl . a ont.i nuous fl ow
', reactor tﬁqeleésri;hggweg&és%% gééé&?’&@agky%bﬁ% ghg%%ngi?ﬁ%{ ﬁia %tqtef" of the
reactor ekitable posibPore tanohseple rEle pRaYe’ Bburidany divectlyidusim¢hes are
. present through out the entire residence tine wthin the reactor. 10 Thus

. a person £ractien. iIn case afta continuousuflasnpeastoorthey sighty ghass lisr  when
appl yi ng ' I jong faor plefi sal vent s _and rgacti or araneters
a two-|i qﬁf'%*%ﬁﬁ@%é’gﬁ‘é’ﬁeﬁs"‘%ﬁéqﬁﬁ‘% QHEE?: Pﬁeﬂl?r Esaqtor ?fﬁ&ﬁﬂ'ﬁ&? Bg"%@@sent
and can agj b ¥ &K ; t ) e ein
Gota |t hoPy a1 pRontRO) Mot i INAMAPRASES SEF pRRsentHARUDROGE HRET, |

- organi c pkatire regidedcedime withdntther eéarboed enbodi ment of the present

invention the olefin is selected to be propene. and nethanol is used as a
solvent. For exanple for a reaction m xture conprising propene, nethanol.

and adeeotthugh PHAROSHINBHON HheYrtcBRIRLRARL BAYIRIEEHLVErREY URERNGOC, and

‘?OC, a pressure from bar The ratio ropene flow flow
in case ehem apphyinguoertafinoseleptiamm €om diefhal, usélrentd did réadtienr ange of

0.1to 1, greferably 0.2 to 11n order to obtain a second |iquid organic

‘phase. parameters & two-1liquid phase system as required by the present -

' " invention is present and can adjust by variation of the parameters as
discussed above in detail the reaction system in order to establish a

15 second liquid organic phase. .

According to a mdst preferred embodiment of the present invéntion thé'
~ olefin is selected to be propene, and methanol is used as a SolVent. For
exampie for a reaction_mixturé:comprising propene, methanol, and aqueous
520 hydrogen peroxide at a'reaction temperaturé between 30°C and 80°C, a
( . pressure froni 5 to 50 bar the 'rat‘io of propene flow to total ﬂqw- in
case of a continuous flow system can be adjusted to be in the range of
0.1 to 1.'preferab1y_0.2 to 1 in order to obtain a second liqUid-orgaﬁic
~ phase. | |
25 . o
An additional gas phase comprising olefin vapor and optionally an inert
gas i.e. a gas that does not interfere with the epoxidation can‘be
additionally present according to the present invention. Adding\an inert
.gas is useful to maintain a constant pressure inside the reactor and-to
_ 30 remove oxygen gas formed by the decomposition bf a small part of the
~ hydrogen peroxide charged to the reactor. o |



25 An additional gas phase conprising ol efin vapor and optionally an inert
gas i.e. a gas that does not interfere with the epoxi dgtsegfbnq;;yagbg, .
additionally present according to the present invention. Adding an inert”
,gas i s WOMRNESBTH mmintain a constant pressure inside thepceapdmzshd to 30

" renove oxygen gas formed by the deconpqgsition of a small part of the

hydr ogen per oxi de charged to the reactor. 2 Septenber 2005 WO 021085873 14
PCT/ EPO2/ 96%8% The ent ii t|on wi Il be explained in nore detail
referring toPlhen tf on W explained tignmore setathinefentiagyta thes

enpl oyed |fan@|,,in§e>é§a§h%§ The titanium silicate powder was shaped into 2

nm ext rudat es usl ng silica sol as binder in accordance with exanple 5 in
EP 00 106 671.1. The H202 enpl oyed was prepared according to the

ant hraqui pone_process as a 40 w -X aq 10 sol ution. Epoxidation is o
carri ed ottdle® U ot AT N QDAY ampes df4300 ml vol une, a dianeter

of 10 gmand a Iength of 4 m The eqU| pment Is furthernore. conprised of .
three containers for |iquids and relevant punps 15 and a liquid separating -«
vessel . TRAetithniam-¢9ni | r n H2G2
and propene. The 40% I%%a%ggﬂggdﬁ fg?;ﬁnﬁ?oy&ﬁqﬁaﬁ%ﬁgﬁé@aotﬁ ﬁ%ﬁg&( The
reaction Stligateponden wasoshaped | intov2 am extmdammiusdﬂ?la R_G1i¢x190Y as

Eérnft"?ff oAlsR T R fondafick Shcevammis & b ppﬁiﬁdég matq%bﬁuiﬁz”‘éﬁé&;&id' )
Va
coﬁient ?\g’:‘f){)npg@%?egédwc‘ﬁ H a'6 met anolaﬂﬁ ?1’ @‘%%%g éﬁ ﬁﬁo‘&r ggaeqr’lﬁ %e:nd

an H2@P f eelitiomcentration of 9.4 w.% 25 \Wien performng the exanpl es

and conparative exanples flow nmode (downflow (DF) node or upflow (UF) m)deb
as well as the cooling jacket :

Epoxidation is carried out continuously in a reaction tube of 300 ml |
volume, a diameter of 10 mm and a 1 ength of 4 m. The equipment is |

| Turthermore comprised of three containers for 1iquids and relevant meps

15 and a Tiquid separating vessel. The three contaihers for liquids |

- comprised methanol, the 40% H,0, énd propene. The 40% H,0, was adjusted
with ammonia to a'pH of 4.5. The reaction temperature is control']ed" via |
‘an'aqueouls cooling liquid cif‘cu?ating in a cooling jacket whereby the |
cooling liquid temperature *is ‘cohtroﬂed by a thermostai: The reactor |

- 20 pressure was 25 bar absolute Mass flow of the feeding pumps was .

_ ad,}usted to result in a propene feed concentratwn of 21.5 wt-%, a '_ | .

r-met_hano] feed concentration of 57 wt-% and an H,0, feed concentration of
9.4 wt-%, | |

.25 ‘w_h_en performing the examples and comparative examples flow mode
(downflow (DF) mode or upflow (UF) mode) as well as the cooling jacket
‘temperature and the total mass flow were varied as indicated in Table 1.
The flow rate was adjusted to achieve comparable conversions. The _ R
product stream was analyzed by gas chromatography and the H0, conver'swn "
30 was determined by titration, Propene se]ect1v1ty was calculated as the
- ratw of the amount of propene oxide relative to the total amount of
~ propene oxzde and oxygen containing hydrocarbons formed during the



~tenperature and the total mass flow were varied as indicated in Table 1.

Theugfloi/T/ rate was adjusted to achi eve conparabl e convensg&isnbet»@gs pr oduct

- stream was anal yzed by gas chromat ography and the H202 conversion 30 was

person sHITTgE TN] T A Tcmyalg : =T Rw-npck St — as
can be sgen from coﬂgge?i ng :ﬂqnﬁ ﬁwt gﬁ?' a%u'lb[‘ I n mﬁ?o N&rk
even betfler at the same rba@PFRSF t Erp&9AT yr p LONVers- Xide Xide
emper - ion Selectiv-| Yield
ature [X] ity based on
°C | X1 | Ho,
_ SR N e (%]
.( CEl UF 30 - 0.35 81 95 77
- R UF | 4 | 0.5 96 93 89
CE8 | U 60 18 % | & | 78
CE4 - UF 80 4.1 87 70 61
El DF | 40 0.35 96 96 92
E2 DF- 40 0.7 81 98 79

- det er mi n&e 0apsas7irati on. Propene selectivity was cal cul at edrapotideess rati o

of the amount of propene oxide rel ativgﬁo the total amount of propene

oxi de and oxygen cont ai ni ng hydrocarbo formed during the 2 Septenber 2005
WO 02/ 085873 .15  PCTI EPO2/ 02286 epoxi dation reaction such as :
1- met hoxy €8 A8p L reactipa: sishyas lomekhoxyr2- pnepanob- grrekhoay: biprofaimle 1:
No. NbdeCogga rlgﬁlwpgﬁé‘ﬁ??’ Propene ' Propene Jacket kg/ hConver s- Oxi deOxi de
Tenper -i onSel écti vyl e atureEX]itybased on ([ X] H202 CX] CE1UF300. 35819577
CE2UF40, 0. 55969389 CE3UF601. 8928578 CE4UF804. 1877061 ElI DF40 . 0. 3596.. 9692
E2DF400. 7819879 When conparing CE1L and CE2 with CE3 and CE4 it is evident

t hat prodl@ble_lél ectivity strongly depends on the reaction tenperature with
decreaging selectivity with increasing tenperature. Thus good heat

di ssipation and 10 uniformtenperature is inportant. In this respect a

-Hhen‘comparing CEi'and,CEZVWith CE3 and CE4 it is evident that prodﬁct
selectivity strongly depends on the reaction temperéture with_detreasing
selectivity with 1ncreasing‘temperature.‘Thus good heat dissipation and
10 uniform temperature is important. In this respect a person skilled in _
" the art woﬁ]d prefer the up-flow mode. Surprising1y. as can be seeh-from'
‘conparing E1 and CE2 the results in down-flow mode are even better at
the same reaction temperature. | | | .

15 UF = _up-f]ow mode
DF = down-flow mode



15 OF = up-flow node DF = down-flow node 2 Septenber 2005 16 CLAIMS 5 1. A

process for the catalytic epoxidation of olefins wth RQbpteyeiver 20060xi de in
a continuous flow reaction system wherein the reaction mxture is passed
through a fixed catal yst bed in down- flow operation node wherein a fixed
bed reactor conprising cooling 10 neans is used and the reaction heat is at
| east partially renoved during the course of the reaction. 2. The process
of claim1, wherein the fixed bed reactor is a tubular reactor and the
cooling neans is a cooling jacket. Thel%rocess of any of the preceding
clains, wherein the reaction mxture is passed through the catal yst bed
wth a superficial velocity from1 to 100 mh, preferably 5to 50 m h,

nost preferably 5 to 30 m'h. 20 4. The process of any of the preceding
clains, wherein the reaction -‘mixture is passed -through- the. catal yst bed
with a liquird hourly- space velocity (LHSV). from1l to 20 h'', preferably
1.3 to 15 W 25 5. The process of “any of thhe preceding clainms, wherein the
fixed catalyst bed is maintained in a trickle bed state. 6. The process of
claim5, wherein trickle bed state i £LA#nt ai ned under follow ng flow
conditi%ns: 30 Ga. <2000 mh and Ly, <50m h, wherein 2 Septenber 2005 17

1. A process for the catalytic epoxidation of olefins with hydrogen
peroxide in a continuous flow reaction system, wherein the
reaction mixture is passed through a fixed catalyst bed in down-

_ flow operation mode wherein a fixed bed reactor comprising cooling
10 means is used and the réact1on heat is at least partially removed

during the course of the reaction.

2.  The process of claim 1, wherein the fixed bed reactor is a tubular

reactor and the cooling means is a cooling jacket.

15 _
3. The process of any of the preceding claims, wherein the reaction
mixture is passed through the catalyst bed with a superficial
velocity from 1 to 100 w/h, preferably 5 to 50 m/h, mbst i
preferably 5 to 30 m/h.
20 '

4. The process of any of the'preced{ng claims, wherein-thg reaction
mixture .is-passed -through the catalyst bed with a Tiquid hourly
space velacity (LHSV). from 1 to 20 h?, preferably 1.3 to 15 h.

25 5. The process of any of the preceding claims, wherein the fixed
catalyst bed is maintained in a trickle bed state.

6.  The process of claim 5, wherein trickle bed state is maintained
“under following flow conditions:
30 G/h < 2000 m/h and
' Ly < 50 m/h,

" wherein



G is the gaseous superficial velocity defined as the gaseous flow rate in
mB/h in the continuous flow reaction system divided by2tdptersiitPposect i on
of the catalyst bed in n2, L is the liquid superficial velocity defined as

~the liquid flow5 rate in m/h in the continuous flow reaction system

di vided by the <cross-section of the catalyst bed in n2, a/2 X =[(a PC
PAlr 10 2 1/3 4f aw L Pwa~ PwPc - [( .and PGis the density of the
gaseous phase in glcn8. Pi is the density of the liquid phase in g/cn8B,
Pwis the density of water in g/cnB8, 16 PAtr is the density of air in
g/lcm, awis the surface tension of water in dyn/cm al is the surface
tension of the liquid phase in dyn/cm pL is the viscosity of the liquid
phase in centi@dsdsde gasepusssupprsfigiadcealpeityslefinedeas the gaseoupdilew. 20 7. The

process of any dhe; arecedi =] Al rel tion . tenperature
Is from30 to %aggﬁprﬁelﬁ eﬁagﬁygﬁtg]}nﬁhﬁ%‘y\g@&a‘@. ‘L’yﬁ%‘ﬁ gi\glcdlgggbyowecl aim7,
wher ei n a t enpenoss-seetipn aifi the edtelysh Heliein 5 reactor in maintai ned such.
that the coolin dijum t erature aof the cooling: ns .i.s_at |east 40C
and the naxi m}mqfﬁﬁeﬁ&?lﬁ?%%ﬁt%ﬁ’n"&ﬁ&‘_%a‘!%?S‘f‘é’ta%éggﬁ‘éﬂ"ééd"% the nmost. 9.
The progess of rz8Yinoh /i BHeeetifBus fdbw PeactitRr §shed Qv B3t 30.
within the reactor is maintained at 5 to 50 bar, preferably at 15 to 30

bar . cross-section of the catalyst bed in m?,
r e
{22
|\ Py /\ Pusr
) - 213 n .and
- e
\OL/ |[\I AP

Pe is the density of the gaseous phase in g/cm?®,
[N is the density of the liquid phase in g/cm?,
Py is the density of water in g/cm?,
15  pu. 15 the density of air in g/cm?,
Gy is the surface tension of water in dyn/cm,
o6, 1s the surface tension of the liquid phase in dyn/cm,
i is the viscosity of the liquid phase in centipoise,
M is the viscosity of water in centipoise.
20 | |
7.  .The process of any of -the preceding claims, wherein the reaction
temperature is Vfrom 30 to 80°C, preferably from 40 to 60°C.

8. The process of claim 7, wherein a temperature profile within the
25 reactor in maintained such that the cooling medium temperature of
the cooling means i‘s at least 40°C and the maximum temperature
within the catalyst bed is 60°C at the most.

9. The process of any of the preceding claims, whérein the pressure
30. within the reactor is maintained at 5 to 50 bar, preferably at 15
to 30 bar. '




2 Septenber 2005 18 10. The process of any of the preceding clains, wherein
the overall feed streamto the reactor conprises an agusspiembardiopgen
peroxi de solution, an olefin and an organic solvent. 5 11. The process of
claim10, wherein the reaction is conducted in a nultiphase reaction

m xture conprising an liquid agueous- hydrogen peroxide rich phase _
contai ning an organic solvent having a solubility in water of at |east 10
X by weight at 25C and an 10 liquid organic olefin rich phase. 12. The
process of any of the clainms 10 and 1ljgwherein the organic solvent is

met hanol . 13. The process of any of the preceding clains, wherein a
titanium 15 containing zeolite is used as catalyst. 14: The process of any
of the predbdi Ngedratass, ofwiryref the hrecedingi ¢laims. pihepsinethe2dvetB1T A process

for the catal ytJ . datJ f.propene wth hydr n eroxide in a
cont i nuous f|ovﬂe§"e§§f‘%’8%%s*y“§?%e%°% n%ﬁBf‘éasiaﬂ %“%ﬂﬂfﬁﬂa?%gﬂeé% on mxture
conpri sing an |sotutiidn,aguedefin andrangaganizesal¥erde ri ch phase containing

nmet hanol and an liquid organic propene rich phase. wherein the reaction
m xture i s passed through 25 a fixed catal yst bed in down-fl ow operation

‘mode and the T qaeiphetss BEadain 101 whaath thelrbdcRid/ i€ @BRNEEbW i the course

of the reaction, . . L.
nultiphase reaction mixture comprising an Viquid aqueous- hydrogen

peroxide rich phase containing an organic solvent having a
solubility in water of at least 10 ¥ by weight at 25°C and an
liquid organic olefin rich phase.

10 '
12. The process of any of the claims 10 and 11, wherein the organic
solvent is methanol.
13. The process of any of the preceding claims, wherein a titanium-
15 containing zeolite is used as catalyst.

14. The process of any of the preceding claims, wherein the olefin is

propene,

20 15. A pfbcess for the catalytic epoxidation of propene with hydrogen
peroxide in a continuous flow reaction system conducted in a
-”ixﬁﬁltiphase-reaction mixture cémprising'ah liquid‘aquebus-hydhogéh'-
peroxide rich phase containihg metﬁanol and an Tiquid organic
prdpene rich phase, wherein the reaction mixture is passed through
25 ~ @ fixed catalyst bed in down-flow operation mode and the reaction
heat is at least partially removed during the course of the

reaction,



