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EP-A 100 119 it is known that propene can be converted by hydrogen
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mixture e 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 conver51on it
is advantageous to use a continuous flow reaction system. Such a
reaction system may comprise either one or more tubular flow reactors or

an arrangement of two or more flow mixing reactors connected in series.

- Examples of flow mixing reactors are stirred tank reactors, recyc]e

" reactors,  fluidized bed reactors-and fixed bed- reacteops- with recyc'Hng R

20

of the 1iquid phase.

Furthermore the epoxidation of olefins with hydroperoxides is like most
oxidation reactions highly exothermic. Thus precautions have to be taken

- to ensure suff1c1ent removal of the heat generated by the exothermc

.25

30

- EP-A 757 045, JP-A 4-59769, WO 97/47613 and US-A 5,591,875 the

reaction ‘in order to control the reaction. This problem is espec1al]y
pronounced in continuos flow systems using fixed bed reactors. Moreover .
conversion and product se]ectwity in epoxidation reactions with the
effect that efficient temperature control is off uppermost 1mportance.

According to a considerable number of patent disclosures as exemphﬁed
by EP-A 230. 949, EP-A 568 336, EP-A 712 852, ' '
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- W th hydrogen peroxide is performed in a slurry of titanium contai«ni ng

zeol i t ewopgossd72l yst. In this reaction node tenperature PEL w | esst
difficult and thus a wide range of suitable reaction tenperature %ro

. -20C to 150C are reported in these 5 dotunents whereby in the exarrpl es
tenperatures between 0C and 85C were used. EP-A 100 119 discloses in

addi tion eP@X'W@MW meactnmnoﬁlqleﬁ Bi with Hydrogers pepbx idd ql@,ubéyrfof.ﬂ@al gus
flowrea%ﬁr@'( tt&aflxedc bdthat 10 is inmrersed in a coo
bath t hePnbdtaPlqtikanivm tCB" tes msqaltawstxahprthis neaatimmn of
ropene d-b t ubul reactor _having a
cool | ng ,‘"21%“&&@‘“?@"’%%28Pf%"gﬁb‘“‘fh!é#‘m&tﬂf B TS L e e R i |
control | suitable rémotion ttelperatibelefron 120PCr 69 AB0PE! %8 MeBort Cln%&tfésgsa”d

produ§t el ect | vi tlér {) still insufficient for ‘comercial purposes far
as th a cuments whereby theiexampleshtenparatuces betweere0°E. and 85%C vee tO
epoxi dat | of olefins with hydrogen peroxide in tubular 20 fixed bed

reactors equi pped with cooling neans disclose only the tenperature of the

cool ing nedi um wi thout providing any information with respect to the

act ual terrperature within the reactor. As is known for exanple fromWlter
Brotz et EBtA 109etithidisclosencin additioni thaieartidiBan catal138s: sluppy tegoer at ure

fil to th t f 25 tubul t
s abol i USb & A 2t et Tuins: B sesctom vith apsn?qq‘ig.%iza{&%fhé’édhimer of
t he neac{grimmer qnoa ?tiﬁirb@tﬁ fﬁg@&ﬁgggtqfqg {@%ﬁk&:y t he terrperaft ure

ggy vary along the axis o e tubu 659 473 descri bes
' epoxi dati on process wherein a liquid mxture of hydrogen peroxi de, ‘

sol vent is |led over succession of fixed bed reaction zones
connect ejll qwoéﬁf@“l n exampte M@ﬁs‘éﬂm iafhprogene with hydrogen peroxide

using a fixed bed tubular reactor having a cooling jacket is described
The temper'ature of the cooling medium is controlled by a thermostat to
- 15 be in the range between 0° - 5°C. Yield and product se1ect1v1ty are
| sti11 insufficient for commercial purposes..

B __As far as the'applicants are aware all of the prior art documents
r‘éfer"ring to epoxidation of olefins with hydrogen peroxide in tubular
| | 20 fixed bed_ reactors equipped 'with cooling means disclose only the
. ) tgmperature‘ of the cooHng medium without providing any information with '
respect to the actual temperature within the reactor. As is known for
example from wa1ter Brétz et.al., Technische Chemie I, Weinheim, 1982,
Pp 283; the temperature profile with respect to the cross-section of a
25 tubular reactor is parabolic with 1'ncbeasing temperature from the
- periphery to the center of the reactor in case of exothermic reactions.

_Additiona]]y the temperature may vary along the axis of the tubular -
reactor.

30 EP-A 659 473 describes an epoxidation process wherein a 1iquid mixture
' of hydrogen peroxide, solvent and propene is led over a succession of
fixed bed reaction zones connected in series in down-flow operation. No
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" are.present within the reactor to renove the generated heat fromthe

si'ngl e weasbdsey zones. Thus each reaction zone can be cg&r%,}eéai@?@gzﬁ_s an

i ndependent adi abatic reactor. In each reaction zone the on'is
performed to a partial conversion, the3liquid 5 reaction mixture is renoved
fromeach reaction zone, is led over an external heat exchanger to extract

t he heattemperatmeti controhdidang arei presatonPEHinOthd freabtsr !thFéﬁbv@hﬁﬁ s
t hen recgcled to this reaction zone and a m nor proportion of the liquid
phase i 99pgsated heat feonche single reactine zones. tThus gactereachiameomei s f ed

I n together l,iguid teed 10. st m.xture, is guided in a parallel
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reaction mixture as an oxygen- containing waste gas stteam ough this

r eact P onfeachiary mi stunealhs eremoved: firompeach peactdoni zdme,t s Hedr evere@nconpar ed
to conveniion
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hydr oper xiﬂes Is known. The reaction mxture is fed to a cascade of
seri al | YAcShasamedtime, gaseaus prapeneris ifed totagethen with thew tquidefesdt to

eachygi r ST |y, to eaghi. f  EPs 9 473 in_each
{eqelSr SRR BRIy €Al RS e,
| ppedthel Fixddebed weakbiwrr zoRE)S and Sis- ekerdctedFat’ the S%erfld/ 3t fife ! €act i on
heat is renoved by passing the .effluent fromeach reactor through heat
exchange’f@cﬁqub System fnr addidion tot bhe rldquid meaot ioruméxturet bs areoxygénced bed
reactor e Sfiing whi& GBY stream. Although this reaction procedure enables
the propene oxide yield to be raised compared to conventional tubular
- 15 reactors without the temperature control described in EP-A 659 473, it
nevertheless involves considerable additional costs on account of the

complexity of the reaction system required to carry out the process.

From US-A 5 849 937 a process for epoxidation of propene using

| - 20 hydroperoxides especially organic hydroperoxides is known. The reaction

"i:) mixture is fed to a cascade of serially connected fixed bed reactors in
down-flow regime with respect to each single reactor. Similarly to the -
teaching of EP-A 659 473 in each reactor only partial conversion.is

, accomplished and the reactors are not equipped with heat exchange means.

25 Like in EP-A 659 473 the reaction heat is removed by passing the

effluent from each reactor thrdugh heat exchangers prior td introducing
“the reaction mixture to the next fixed bed reactor in series thereby
adding to the complexity of the reaction system.

30 The disadvantages of the reaction systems as discussed in EP-A 659 473
and US-A 5 849 937 are the complexity and thus the increased costs for
investment. |



adding to the conplexity of the reaction system 30 The di2ay#f08ges of
the reaction systens as discussed in EP-A 659 473 and US-A 5 849 :937.,are

t he conpd axbgsgrand t hus the increased costs for invest ,EFg? y 2005
WD 02/ 085872 PCT/ EP02/ 02271 4 In view of the cited pri gﬁ%r %zew%)bj ect of -

the present invention is to provide adprocess for the epoxidation of
olefines that results in inproved conversion and product selectivity
conpared to WD 97/ 47614 5 which can be carried out using conventiona
reactioqkéystens. Subj ect of the Invention This object is achieved by a
process Tew ofctheycjted peposxiattht then obfjecti @fotkes ipreseritt Hnvertiegels fer oxi de

~In a congd react | Syst ., Wherei.n the reaction m xture is

passed Wgﬂg%%ab#é&éa ﬁc&t 36@&*5&&@\% ﬂf rPISfﬁ'E%?cFB?t FesuPigednwi t h cooling -
means Wwhi ved cbaver t rodREt ' 1.4 such that *
" the cool in?eorredi uméhtsg?r%?rngt ure g? ﬁ?ﬁ@ﬁyﬁ%ﬁénﬁ&s@téf@w@c and .
t he xi"m]%hl@ft beraraied oubiugiing conventionals redutdonssysdeme! the nost.

The. present inventors have surprisingly discovered that by conducting the '
epoxi dation reaction in such a way to fulfill the inventive tenperature

profil e Subject Ffethe qﬂvgg_ti'gm zed bal ance between conversi-on 20 and
selectivity can be achieved with a standard reaction system Thereby now a

process for epoxidation.of, olefins with high hydrogen peroxide conversion
and pr oﬁgﬁt h‘i’el ectjvity at |low investnent costs is available thus
i npr ovi BHRPISEE 18 1achieyed by @ process fondhescatmlyt o epbridatdonicer abl y

oy C TSR R Brr ik i, SRR 156 Terchian evsbohom cal |y o
sonaihereim bheskayet 16i i geuren §s Qaused aiidubh Fi%ad AERFYR By DY Lhe ®

exotherm.,c reaction has to be effectively renbved fromt reactor since
at i ncr 488N 1% Fgactary eewippeduaitbdcealdagrmeansi whide madntaphingeawi th t he

result tﬁ%ﬁ\belpéﬁ?ﬂgcﬁroﬁllg%jtmﬁ the Srébttor St that the cooling medium
. temperature of the cooling means is at least 40°C and the maximum
15 temperature within the catalyst bed is 60°C at the most.

The present inventors have 'surpr"'isingly discovered that by conducting
the epoxidation rea'ction in such a way to fulfill the inventive |
| temperature profile requi rement an optimized balance between conversion
| ' -_20 and selectiVity can be achi_eved with a standard reaction system. Thereby
; ) now a process for epoxidation of olefi_ns- with high hydrogen peroxide " )
conversion and product selectivity at low investment costs is available
thus improving the pVeral] economics of the process. Due to the
considerably high activation temperature for the epoxidation reaction
~ 25 the process has to be conducted at a certain minimum temperature to
achieve economically reasonable éonversion. But on the other hand the
heat generated by the exothermic reaction has to be effectively removed “
from the reactor since at increased temperatures unwanted side reactions
take place with the result that product selectivity is decreased. While |
30 maintaining the temperature profile in the reactor within the inventive
' very narrow range both goals could be simultaneously achieved.

e I



- 30 mainfaining the tenperature profile in the reactor witKeWUMO%nventive
very 'narrow range both goals could be sinultaneously achieved. . 4 4 29
Julry 2 0% WO 02/ 085872 PCT/ EP02/ 02271 5 EP- A-659 es that
in con\giée}gtzlméﬁ tubul ar reactors tenperature rise in théé1Z /gzggﬁﬁz?f
exceeds 15C whereas according to the eiarrpl es in EP-A-659 473 the
tenperature rise is 8C at the nost and in the preferred enbodi nent 534C.

Thus acEBrAi659 478 tdisclmshtmt di Edhvenbidia) uliilaP "REICbHS Steh) ﬁay]uﬁeh' n
t he catal, st begghas e kept as | ow as possible in order t | eve

hi gh yi eﬂ Ogd rxceeds sl5°€e\dlﬂrchtampedngrte thes examples onl y

b hi 473

single f‘é;i%*% LR85 ATOhe teimperabire it Vs ROCHE (tha upst apfiain 5881t "t hat the
maj or i t yreferred eftdinent 5OC mmer&&aamgp tge?ﬁee%gagrj? @gftt

I ntermedi ate cooling the reaction mxtur
expect at65873tempenature snsammmmm dataallyistbbéd)haswo tbbekeptaaﬁl Tow bet ter

o of orr & BAARBTACI oPfer 6. achitave dHighay 181 dspof Araay lene obisyh TalS
convent iradiated ea.ﬁ‘séwatmtﬁ@m&m%n%bgﬁﬂFaéd,fﬂg §Filbo bl ng 15 used

according to the present invention
igg a

| nvent i $291473 by qorelact g ¢he tirsackios dnt a i singlé ireaction ZoAE e oﬁ'P%
fixed catg_'ést bed and c%gl I ng means can be used. Preferably, ul ar,
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coolmmgurréa.ans preferably the cooling jacket, all standard

But contrary to this expectation, as will be shown in more detail below
in the examples better overall yields based on hydrogen peroxide
15 comparable to the most preferred embodiments in EP-A-659 473 are
| obtainable although a conventional reactor system without intermediate
external cooling is used according to the present invention.

| 20 Detailed Description of the Invention

) |
In the practice of the present invention any reactor having a fixed
catalyst bed and cooling means can be used. Preferably, tubular, multi-
tubular or multi-plate reactors are used. Most preferably, tubular

25 reactors having a cooling jacket are applied since they are standardly
available at relatively low cost. As cooling medium that is pumped
through the cooling means, preferably the cooling jacket, all standard

- cooling media 1ike oils, alcohols, liquid salts or water can be used.

Water is most preferred.

30

| According to the present invention the temperature profile within the
reactor is maintained such that the cooling medium temperature of the



~cooling nedia like oils, alcohols, liquid salts or water A2
Water is nost preferred. 30 According to the present invention the«-

tenper a{yg @ydgé@hi | € within the reactor is maintained suc cool i ng
medi um tenperature of the 29 July 2005, WO 02/085872 PCT/EE#%‘%’Z&}% 6

- cooling neans of the tubular reactor iseat |east 40C and the maxi num
tenperature within the catalyst bed is 60C at the nost, preferably 55C By

pr ef er enceoling meamseofittheetubulaberes@br N FRd %{gﬂcg?;‘?%taotﬂeeq‘axmr%@sur ed

thernmostat. 5 The maxi nrum tenperature within t ed 1I'S
with a gﬁm%attlsﬁ within the| catadyst heduie 6026sak divermostsapreferiably

t her nocogpb®es p,,0 -.100 r anged roximately along the axis of the
preferab SP? @‘t EKUIF '&%Fé’gﬁ gf‘e %?%Qﬁf‘ﬁi’g%oé @Fa?%@s‘“@i ifediums e controBlash
ot her. 1@yVidehepmogtatber, position within the reactor and di stances between

the tenperature neasurenent neans are adjusted to neasure the tenperature
of tRe catal yst bed within the entire reactor as exact as necessary. The

maxi num rature of the catalyst bed can be adjusted by different 15
means. Diﬁ Hﬁ%%eﬁwag@r%dﬂghﬁ dhe: eatalyst bed: isameasuned avighrat ure of

h : ' L] i f f
eact | onP Rt O SUPAE, {icElathe LS Reef® sl 1R8] FRodupTes,
rate of OhePteddliarganged approcnately Al ong thehaxsoeki fife gpt@ﬁeg.a?g ?,by

| owering, the catal yst activity, for instance by dilutin al yst 20
wi th i neFUbYIarePagtor THe suitableadistances avithoréspectett each sotheet er abl y

e o0 1 e bR, BETREOT MY she (YaREREr, Sd Sirtabenthotueen wesc.  most
pref er abtegmperatidre medanremdht cafis et BEjusted’ €6 edsGre e "Eltipeh Burea ! | ON ®

m xture iﬁ passed o
the catalyst bed within the entire reactor as exact as hecessary.

The maximum temperature of the catalyst bed can be adjusted by different

15 means. Depending on the selected reactor type the maximum temperature of
the catalyst bed can be adjusted by controlling the flow rate of the
reaction mixture passing through the reactor, by controlling the flow
rate of the cooling medium passing through the cooling means or by

lowering the catalyst activity, for instance by diluting the catalyst
20 with inert material.

P e
The flow rate of the cooling medium is preferably adjusted to keep the
temperature di ffere_nce between entry of the cooling medium into the

cooling means and exit below 5°C, preferably below 3°C, most preferably
25 2°C.. |

According to another preferred embodiment the reaction mixture is passed ‘

through the catalyst bed with a superficial velocity from 1 to 100 m/h,
preferably 5 to 50 m/h, most preferred 5 to 30 m/h. The superficial

30 velocity is defined as the ratio of volume flow rate/cross section of
thé_ catalyst bed. Consequently the superficial velocity can be varied in

-



t hrough the catalyst bed with a superficial velocity from29{Wy200p m h,

- preferably 5 to 50 mh, nost preferred 5 to 30 mih. The superficial 30

vel oci ty,qi ined as the ratio of volune flow rate/cross_section of the
cat al ysﬁ‘loboé{?g&%%nsequently the superficial velocity can HECTEFI¥2T1, 0 0 29

- July 2005 WD 02/ 085872 PCT/ EP02/ 02271 ¥ a given tubular reactor by

adjusting the flowrate of the reaction mxture. Additionally it is
preferred giveRaBuibu1Bp FeaRebr By FHFistiAgttheP Foby t ! with a
liquid hourly space velocity (LHS fr%n11 tggﬁdgﬁei?ﬁq%?é%%kgﬁﬁg 1.3 to 15
h' 1. Thempttdress of the present invention can be conducted in down-flow or
up-fl ow operati on node, whereby down-fl ow operation node is nore 10
preferred. In a preferred enbodi mrent of the present invention the 1

Cont rary METEIBRETG, S 1€ TRl td 35S I Keher o Mok witkan e L T
singl 6 reakalyst dred wath i iquite hbarly spaced ¥8]6eHtsNILISY)Nron T0tG (rjzgfhtagd e

al so not _pr feg{eﬁegccordi ng to the present invention. But 1n or
able to B%%fﬁ"&? Y He3pt@ddsB eont i nuousl y when changing and/or regenerating
t he epoxi dation catalyst, two or nore tubular flow reactors may if desired

al so be operated in parallel or in series in the before- 20 descri bed

menner . The Prucésd lofnhe present Thertsohéat bé iriduted JRCAO- ko e _of

- the conposition (Ti 02)X?§i 02) 1-x ere x Is from0.001 to and havi ng

a MFI  oWP\Howcepenakion modet rwhereby downoflowasperiatian urodei 18 meret e- 1 and 25
tit ' (4 i te. -2 i tab al ts f th | dat i '
Focdgs "bessrhRy Thoa hrsteRosd enBoninefE 1€ sha presenbrinveBt ot ed. 1 or

pr‘ C
l.=v3 process is conducted to maintain the catalyst bed in a trickle bed

r.

state.

Contrary to the teaching of EP-A 659 473 conducting conversion.within a
15\ single reactor or reaction zone to a limited extent is not required and
also not preferred according to the present invention. But in order to
be able to operate the process continuously when changing and/or
regenerating the epoxidation catalyst, two or more tubular flow reactors
~may if desired also be operated in parallel or in series in the before-
20 described manner.
)
Crystalline, titanium-containing zeolites especially those of the
composition (Ti0,).(S10,),., where x is from 0.001 to 0.05 and having a MFI
oor MEL crystalline structure, known as titanium silicalite-1 and
- 25 titanium silicalite-2, are suitable as catalysts for the epoxidation
process according to the'invehtfon. Such catalysts may be produced for
- example according to the process described in US-A 4,410,501, The
* titanium silicalite catalyst may be employed as a shaped catalyst 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 carrier material. all
binders and carrier materials being suitable that do not react with
hydrogen peroxide or with the epoxide under the reaction conditions



. exanpl e according to the process described in US-A 4,410, APIURR05 i ¢ ani um .
silicalite catalyst may be enployed as a shaped catalyst in the fofm.of

gr anul ewoO &2/8sgiziat es or shaped bodi es. For the formng prmlsozﬁ,? 4he -
catalyst may contain 1 to 99% of a binder-or carrier material, af bi nders -
-and carrier materials being suitable t it do not react with hydr ogen

peroxi de or, with the epoxide under the reaction conditions 29 July 2005 WD

02/ 08587 SMPAOYRE TR/ the epoxidatitgn o Rxtrudateshei paxditmeten. ofolt todaimas with a
di amet er gp e?&ﬁlmsqﬁag%%%%ﬁr%bd I%gf'%ls'gﬁ:as fixed bed catal ysts. \5Mfeged

practicing the pres ®rred that the overal l
streamto the reactor conprises an aqueous hydrogen peroxi de solution, an
ol efin aug an organi c solvent. Thereby these conponents nay be introduced

into t heWpdhoraetiging ridepprasent imention itnés preferredothat thscoderads are
m'xedsprifgé ;g | ntrodyction . into the reactor. The feed strean(s) to the .
reactOr i$ ({ Eéa"bpgf 2 FR3Ctol; CUMRIISes an agugousahydregen peraxide ffers from .

oot SORItIOA, U bIEriRoaNd 3 GRErHE. SH1vefif> ThBRELY thése Hompiients wae
i nvent i ohe sintrodudednintoathd reactoriadi 1Rdbpendart’ Foédy dF &Héafo'r‘nlﬁ?r‘@ b 2to 6
S

car bon a{éﬁms. Th(f process 15 according to the invention is no
particul 2P¢SF fepdsapre miged tprdor b intaedustion iptopthes reactoropEe festde. For

"~ econom c It e.prefenred for. an indystrjal scale process to
use pr opgﬁﬁggﬁifg %H%ég%t‘ﬁo?% @{ﬁe)agr ef‘@'&‘a% iag&‘FSL{?ﬁdx{:Ql & tRMPeTatupBane

t hat 18s thatudéffergnfegmthd tefpdfatile: of Shel : fed. as a

;- liquid ag, 20 well as in gaseogs formi ntoetﬁ@ﬁggcﬁﬁﬂgi}gtlggg ﬁﬁg g’ydrogeb
-'pe?oxi de & s Preterably tteeapvenperatune shat rig abouththe mamati on- in the form of

an aqueous solution with a hydrogen peroxide content of 1 to 90 wt. X,

"preferably 10 to 70 w. X and particularly preferably 30 to 25 50 w.% The

I 0P et prdeiss oo 1 i) ihilon Ry GRS Ll by vt eble
: epoxidized in particular olefins with 2 to 6 carbon atoms. The process
15 according to the invention is most particularly suitable for the
‘ epoxidation of propene-to propene oxide. For economic reasons it would.
be preferred for an industrial scale process to use propene not in a
- pure form but as a technical mixture with propane that as a rule
~ contains 1°to 15 vol.X of propane. Propene may be fed as a liquid as
| 20 well as .in gaseous form into thé reaction system. |
;) The hydrogen peroxide is used in the process according to the invention .
in the form of an aqueous solution with a hydrogen peroxide content of 1
to 90 wt.X, preferably 10 to 70 wt.X and particularly preferably 30 to
- 25 50 wt.X. The hydrogen peroxide may be used in the form of the
| ccommercially available, stabilised solutions. Also suitable'are g
lunstabi]iSed. aqueous hydrogen peroxide solutions such as are obtained N
in the anthraquinone process for producing hydrogen peroxide. |

-

30 The reaction is preferably carried out in the presence of a solvent in
order to increase the solubility of the olefin, preferably propene, in -
the liquid phase. Suitable as solvent are all solvents that are not



unst abilised, aqueous hydrogen peroxi de sol utions such as 234y 3903 ned in
" the.ant hraqui none process for produci ng hydrogen peroxide. 30 The reaction

| s °pr e afbgsspar ri ed out in the presence of a solvent i popRbhifdat©
i ncrease the solubility of the olefin, preferably propene-, 1n g%e liquid

phase. Suitable as solvent are all sol 9ents that are not C 40 0 fil 29 July
2005 WO 02/ 085872 PCT/.EP02/ 02271 9 U oxidized or are oxidized only to a
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consunpt.i on h roge eroxide, _the polar ratio o preferably
propegg ﬁ}ﬂ é 9@”85?[‘@!691%‘@] dvanebytyle ekher: pospropylencglyeolge from

1.1 i@ WonobEH}1 ether. and ketones such as for example acetone or 2- butanone.
(j «) Methanol is part1cu1ar1y preferably used as solvent.

The pressure within the reactor is usually maintained at § to 50 bar,
preferably at 15 to 25 bar.
15
The olefin is preferably employed in excess reiat{ve to the hydrogen
peroxide in order to achieve a significant consumption of hydrogen
peroxide, the molar ratio of olefin, preferably propene, to hydrogen
peroxide preferably being chosen in the range from 1.1 to 10. When
| 20 adding a solvent the amount of solvent is preferably chosen so that only
[_t:) a liquid phase is present in the reaction mixture. The solvent is
preferably added in a weight ratio of 0.5 to 20 relative to the amount
of hydrogen peroxide solution used. The amount of catalyst employed may
be varied within wide 1imits and is preferably chosen so that a hydrogen
25 peroxide consumption of more than 90%, preferably more than 95%, is
achieved within 1 minute to 5 hohrs under the employed reaction
conditions.

The present invention will be explained in more detail referring to the
30 following examples:



. 20 adding a solvent the anmount of solvent is preferably cK3SUl 2095t hat onl y .
a liquid phase is present in the reaction mxture. The solvent is " |,

preferam0o2msssrd in a weight ratio of 0.5 to 20 rel ative ge@ykpe/@apunt - “of

hydr ogen peroxi de sol ution used. The ampunt of catal yst enpl oyed may be

varied wwthin wide limts and is preferlﬁbly chosen so that a hydrogen 25

peroxi de consunption of nore than 90X, preferably nore than 95% |Is

achi eved LAREIRGS 1 QK : hive Exampleshg-npl oyed reaction

conditions. The present invention will be explained in nore detail

referring to the 30 follow ng exanples: 29 July 2005 WD 02/085872
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si | i cat e SidikAte pewdeswasdhapedo iAtond mmtexteadftesuaiing a §i11cadssPlas?s 5

bi nderg i cor.dance with exanple 5 in EP 00 106 671.1. The H282 enpl oyed

was pl’sep&jé1 TadBAGEOREANCE Wi examplechi iR O d065671ad . aThe HO,- enplpyedus T

sol ution ' | | rf o] inuously in a reactiop tube of 300
10 vaRa eptied QBcordiingied e dshRRBIInS Brofess, of, o T Weck aneaus <
f urt her msodutiompri sed of three containers for liquids and rel evant punps

and a liquid separating vessel. The three containers for liquids conprised
met hanol , the 40% H2Q2 and propene. The 40X H202 was adjusted w th amonia

coori ho EPofidatidnd sl GRTHEE il BRBE MRSV, S0 A TRAGH oDy tibe of 308 Mg 11 aui
Lempatat wobuns, § ffavetdredrtin dm! b8 Teddth 3P BB RauBERELS 1eS 2> b

absol ute. Mass flow of the feedi ng punps was

in a
rhpene ffUBthersare: comprised of thieé containers fort Nqwids ard re?8¢smE painpe" or @
57 wt-X %Hﬂ ag H2 f eed goncentr ti?‘n of 20 9.4 wt-% The reactor was
oper at ed §diRutd sepanating ivessabadhe\vhreecantainensy fondl igudds| es and

conpar at céfiprepsadRlethahdt. ERE'40%%91)02 4! propene. The 403 H,0, was adjusted
with ammonia to a pH of 4.5. The reaction temperature is controlled via
15 an aqueous cooling 1liquid circulating in a cooling jacket whereby the
~ cooling 1iquid temperature is controlled by a thermostat. The reactor
pressure was 25 bar absolute. Mass flow of the feeding pumps was
adjusted to result in a propene feed concentration of 21.5 wt-X, a
methanol feed concentration of 57 wt-% and an H,0, feed concentration of
| 20 9.4 wt-X. The reactor was operated in down-flow operation mode.

B .o
When performing the examples and comparative examples the cooling jacket
temperature (T.,) and the total mass flow were varied and the maximum
Temperature (T,,,) measured as indicated in Table 1. The flow rate was

25 adjusted to achieve comparable conversions. Product output was
determined by gas_chromatography and the H,0, conversion by titration. On

S

the basis of the gas chromatographical analysis of the hydrocarbons the A
selectivity was calculated. It results from the amount of propene .oxide )
formed relative to the amount formed of all oxygen containing *

30 hydrocarbons.



~ tenperature (T.01) and the total nass flow were varied andS Wy 2008 um
_Terrperature (T",) measured as indicated in Table 1. The flow rate was 25
adj ust jeve conpar abl e conversions. Product outpuyt er m ned
by gas cﬁr orrg%ggr aphy and the H202 conversi on by tltratlg’ﬁﬁ@nm?ﬁ basi s

- of the gas chromatographical analysis @f the hydrocarbons the selectivity
was calculated. It results fromthe anmount of propene oxide forned
relative to the amount fornmed of all oxygen containing 30 hydrocarbons. 0 O
29 July 2005 WD 02/085872 11 Table 1 PCT/EP02/02271 No.T., [*C]T. [*C] Fl ow
Rat e H20Zablenders- Propene Oxi de kg/ hi on MSel ectivity CElI 30400. 357198

CE230350. 74599 EI 41590. 359696 E241510. 77998 CE349780. 7909 1 CE449 167 11.41
80 193 CE5611 81 12.81 74 .191 5 The data as gi ven in Table 1 dem)nstrate

tagﬁ;[ esgco\?\:'g f\et hé“‘n;? :gvuq'?"ntdcg :g 5%Wﬁw M%: Yo ’0
nmaxi num terrperat qre in the catalys{ K8 as defioR y | 8 ?ﬁtééléﬁy [*]
inventidn. IL ")
CEl 30 40 0.35 A 98
CE2 30| 35 0.7 25 99 |
El 41 59 0.35 96 96
. E2 41 51 0.7 79 98
) CE3 79 78 0.7 30 o1
CE4 49 67 1.4 80 93
CE5 61 81 2.8 74 o1

The data as given in Table 1 demonstrate that an optimizéd balance of
conversion and product selectivity is achieved within the narrow 1imits
of cooling medium temperature and maximum temperature in the catalyst
bed as defined by the present invention.

)



29 July 2005. WD 02/085872 PCT/EPCR/ 02271 12 Claims 15 THE %62¥ of
claim1, wherein the tenperature profile within the reactor is maintai ned
such t hefo o2idgsgreaxi mum tenperature within the catalyst b

nost .
tubul ar reactor and the cooling neans 18 a cooling jacket. 1. A process
for the catal ytic epoxidation of olefins with hydrogen peroxide in a
continuous flow reaction system whemqafmé he 5 reaction m xture i s passed
through a fixed catalyst bed within a reactor equipped with cooling nmeans
while maintaining a tenperature profile within the reactor such that the

dth
i rmum Fompet ATOPERIBh KR, RatdliEIE Go0datTE 3651 1nm anibhshydragen. he
process of anger@ixidd1anph rtifodd F1ON redeeic %g&fﬁn GRELSMNLAR X1 U e 1S

passed t hroug

The process of any of the preceding clains, wherei (nap?he reac?*or Is a

the catalyst bed in down- flow operat’i on node.

proceds of anpeastiomavixturedisnpasyedi trhrouﬂ'lea effixet heatail ysti bedSwithin ust bed

i's mai ntai ned

cl ai ms, wher er#qt% equipped,

trickle b state. The ss_of an of the preceding
qghl?& ABY; '!,eaags@b‘ et'f‘#"(méh N acat al yst bed

1T S SUBSTT abaried GRS e YORCET Rk A cho ot P

nmost 0 O 30 prefe

10

medium temperature of the cooling means is at least 40°C and the
maximum temperature within the catalyst bed is 60°C at the most.

2.  The process of claim 1, wherein
the temperature profile within the reactor is maintained such that
the maximum temperature within the catalyst bed 1s 55°C at the
most. |

15

20

25

30

3.  The process of any of the preceding claims, wherein
the reactor is a tubular reactor and the cooling means is a
cooling jacket.

4, The process of any of the preceding claims, wherein
the reaction mixture is passed through the catalyst bed in down-
flow operation mode.

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 any of the preceding claims, wherein the reaction
- mixture is passed through the catalyst bed with a superficial
velocity from 1 to 100 m/h, preferably 5 to 50 m/h, most

preferably 5 to 30 m/h.



W0 02/ 085872 PCT/ EP02/02271 13 7. 58. 10 10. 15 11. 12. 29 2% cess of
- any,of rthe preceding clains, wherein the reaction nixture is passed

t hr.ooug he catalyst bed with a liquid hourly space velocjt IBHSV) from1
to 20 Hv‘&“% if“"g'}zerably 1.3 to 15 h'1l. The process of any SFT(%’QS tdedi ng

- clainms, wherein the pressure wthin t{g reactor is maintained at 5 to 50
bar, preferably at 15 to 25 bar. The process of any of the preceding

cl ai s, er ej bde@n| I bt ks U ' s~ The
process %\4‘1 aﬁgﬂéoPr?%ég%p?g(?e iﬁg%ﬁaapﬁ%@\m%r@iahﬁ?hgmgr/%ﬁ'aﬁ%%élee 1% reamto

the reactor cwixturecis passegltbroughy the gatapbestobedeavithoa Ukiiquid Wourdyefin and
an organi c sol vent.. Tf&g ﬁr ess of claim.10. wherein the or%ani c solvent is
ocdtd 4Ll i

net hanol . TheSRACECYS SW) fem bria@Qi g praferablynbieita Mmdrbiefin is
propene. C.)

5 8. The process of any of the preceding claims, wherein the pressure

within the reactor is maintained at 5 to 50 bar, preferably at 15
to 25 bar.

9. The process of any of the preceding claims, wherein a titanium-
10 containing zeolite is used as catalyst.
lL;-) , .
10.  The process of any of the preceding claims, wherein the overall
feed stream to the reactor comprises an aqueous hydrogen peroxide
solution, an olefin and an organic solvent.

15
11, The process of claim 10, wherein the organic solvent is methanol.
12. The process of any of the preceding claims, wherein the olefin is
propene.
- 20
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