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i nvention described herein relates to a process for théfkﬂmahMﬂEFos
“epoxi dation of olefins with hydrogen peroxide in a continuous ow
yrgactloanW YW¥73wherein the reaction nixture is passed t RCIEM2@2186xed
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Prior Art

5 From EP-A 100 119 it is known that propene can be converted by hydrogen

peroxide into propene oxide if a titanium-containing zeolite is used as
" catalyst.

Unreacted hydrogen‘pEroxide cannot be recovered economically from the

10 edeidation reaction mixture. Furthermore. unreacted hydrogen peroxide
involves additional effort"and expenditure in the working up of the
reaction 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 tubu]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 recyc1ing 

20 of the liquid phase. |

In order to achieve a high1reactidn rate é high propene concentration in -
ihe 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 mult1phase reaction system is in general present

~ Furthermore the epox1dat1on of olefins with hydroperoxides- is 11ke most
oxidation reactions highly exothermic. Thus precautions have.to be taken
‘to ensure sufficient removal of the heat generated by the exothermic.
30 reaction ih order to control the reaction. This problem is especially
| ' pronounced in continuos flow systems using fixed bed reactors Moreover

-rconvers1on and product selectivity in epoxidation react1ons of o]ef1ns
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tenperature control is off uppernost inportance. In A G anetto,
"Ml ti phase ReRRItSFheaty dissipatianaand mose urs farm tesperature;

o better' wettﬁng of the catalyst and therefore increased 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 - -r'eactor' has to comprise means to hold the catalyst in place in

~ case of high velocities; . | L .
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 -
1s the natural choice for highly exothermic reactions where temperature T,

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
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"5 in’'Multi phase Chem cal Reactors: Theory, Design, Scal e-up, Heni sphere

_Publishing Corporation, 1986 criteria governing the chaiSstéatereosup- fl ow

i xed bed nul ti phase reactors are given. Advantages of

and domm?%gfﬁ%f as
_up-flow MeytHIB8dpared to down-flow regi me are: better nPLTAF02e2286ting in

I mproved heat and mass transfer; 10. atothe sane fluid flow rates the
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reaction mixture is removed'.from each reaction zone, is led over'an
external heat exchanger to extract the heat of reaction, and the major
proportion of this liquid phase is then recycled to this reaction zone
and a minor proportion of the liquid phase is passed to the next zone.
15 At the same time gaseous propene is fed 1in together with the liquid feed
stock mixture, is guided in a paralle] stream to the liquid phése over
- the fixed bed reaction zones, and is extracted at the end of the

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 compared 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



5 of hydrogen peroxi de, solvent and propene is | ed over a succession of

fi xed bed reaction zones connected in series in down-f 2Bepepabeaatioos. No
tenperature control nmeans are present within the reactor to renove the
generated heat fromthe single reaction zones. Thus each. reaction zone

can be considered as an i ndependent adiabatic reactor. In each reaction 10
zone the reaction is perforned to a partial conversion, the liquid reaction
m xture is renoved fromeach reaction zone, is |led over an external heat
exchanger to extract the heat of rea¢tion, and the major proportion of
this liquid phase is then recycled to this reaction zone and a m nor
proportion of the liquid phase is passed to the next zone. 15 At the sane
ti me glwesadiiopmupiaretoitbe hiext fiked beryeihier invderies thezelhyi aplding tb dledcorsplexity of
”iXturﬁmrE&x%HEﬂggnf” a parallel streamto the |iquid phase over the fixed
bed reaction zonés, "and is extracted at the end of the reaction systemin
addition to the liquid reaction m xture as an oxygen- containi ng waste gas
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the reaction system The di sadvantages of the reaction systens as discussed

~in EP - -A 5 849 937 are the conplexity and thus the
i ncre':l%e g%;&g&gqp‘gernld?ﬁvest ment and the high susceptibility to changes of

process paraneters like flow velocity due to the adiabaticly operated

i _nd6p6m3$ect 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




“react’i on. zones and reactors respectively. In view of the cited prior art
_thecobject of the present invention is to provide a procgserhdr 2008
epoxi dat | of olefins that results in inproved conversion and product
sel ectivib@g“%@ﬁﬁér ed to WD 97/47614 while avoiding the diPSTERPINRSEs of
- the teachings of EP-A 659 473 and US-A & 849 937 which can be carried out
usi ng conventional reaction systens. Subject of the Invention An aspect of
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: unwanted side reactions take place with the result 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
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within the catalyst bed is discussed to sone extent in2ERplefins 2668. WLh,
respect to the exanples it is disclosed that in. conventional- 20 tubular *
_react or s HEure rise in the catal yst bed exceeds 15C PGUEPEA22ES"
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practice &xtemmalpeasddng wasvased.on any reactor having a fixed - _
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, preférab1§‘tﬁe

| 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



‘cat al'yst, bed and cooling neans can be used. Adiabatic. reaction conditions
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. they are standardly available at relatiwely low cost. As' cooling nedium
that is punped through the cooling neans, preferably the cooling-jacket,
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. Accordi ngth@‘llwsba‘éf‘erred enbodi ment of 30 the present invention the
“tenperature profile within the reactor is naintained such that the cooling
medi um tenperature of the cooling nmeans of the tubular reactor -is at
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necessary xi,mum.t enperature af the catal yst bed can be adjusted by
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" tenperature of 15 the catalyst bed can be adjusted by controlling the flow

rate of the , _
S The maximum temperature of the catalyst bed can be adjusted by different

| means. Depending on the selected reactor type the maximum temperature of
15 the catalyst bed can be adjusted by controlling i:he flow rate of the
 reaction mixture passing 1'l:hrough the reactor, by .Contro'ﬂ'ing the flow
rate. of the cooling medium passi'ng through the cooling means or by
lowering the catalyst activity, for instance by diluting the catalyst
with inert material. | - | |

R 20 .

‘ : | . Th_e flow rate of the cboh‘ng medium is preferably adjusted td keep the
P temperature difference between entry of the cooling medium into the |
cooling means and exit ‘l')elow'. 5°C,' preferably below 3°C, most prefef'ab]y-
- 2°C.. '
.25

| By selecting such a narrowly defined temperature profile wit_hin the
‘reactor an optimi;e_d balance between hydrogen peroxide conversion and
olefin oxide selectivity can be achieved. -

30 The pressure within the reactor is usually maintained at 5 to 50 bar
. preferab_]y 15 to 30 bar. ' | |
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parti d0| aprefenablyrl.8dtenboktt ment of the present invention the process
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.-~conducted to nmaintain the catalyst bed in a trickle bed

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.
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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

@& js the gaseous superficial velocity defined as the gasébﬂs‘f]ow rate
in m*/h in the continuous flow reactor divided by the cross-section of

30

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
cata]yst-bed’in.mz, |



“invention i.e. the increased propene oxide select|V|ty W
pr onounc@@“z"i’?ﬁ?% conditions are as foll ows. G'. < 2008CH{ERIHOAIDS.

~state.r |t has been surprisingly discovered that if the trickle bed state

i s ,maintained under certain flow conditions the effectze%Fkhgmegggnt EO
e particularly

Lo/<50m h, wherein Gis the gaseous sgperflcial vel ocity defined as the
gaseous flom/rate in nB/h in the contirfuous flow reactor divided by the
cross-section of the catalyst bed in mM, 30 L is the liquid superficial
vel ocity defined as thq liquid flowrate in nB/h in the continuous flow
react or dIVI gﬁgﬁ éross- section of the catalyst bed inn2, . , 112,
and 2 r~s AE ( Pw ai wPL 2 Septenber 2005 WD 02/085873
PCTI EP02/ 02285P¥&\Pyr LBair , Bnd) (_ PG is the density of the gaseous phase

’in g/cnB, Pk is the density of the liquid phase in g/cnB, 10 Pwis the
density of water in g/cnB8, PAIr is the density of air in g/CnB. is the
“surface tension of water incdyn/cm is the surface tension of the Iiquid

* phase in dyn/ tosity of the liquid phase in centipoise.
W:(&]. (u_j &] | | :
R Hy /AP ' ' -

Pe is the density of the gaseous phase in g/dm3
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-



~is the viscosity of water in centipoise. In order to be able to operate the,
process continuously when changing and/or regenerating ddpermgxodat’i on
cat al ystWtwo or nore flowreactors nay if desired also be operated in
paral | el W02(085833rjes in the before 20 described nanner. pErmpbabizide,
titaniumcontaining zeolites especially,those of the conposition ‘
(TiR)x(Sia2)l.x where x is from 0.001]t 0.05 and having a MEl or MEL
crystalli rg. known as titaniumsilicalite-1 and 25 titanium
silicali tg@p}?’&é¢lj%guﬁeaﬁp%x1§§%&%-a yhiudatesy wikh @ sirnetar ofi brtockam
accor di ngake® prBRarhB Ve sl y be produced for exanple
accordi ng topt he pro’gessbegbessﬁg%uegapﬁé%éjistgﬁlﬂo, 501. The titanium
silicalite catalyst may be enployed as a shaped catalyst in the form of
gr anul es, xtrude%tes or shaped bodies. For the form ng process 30, the y
cat al yst PRaftac g the preseet iaventiosr itbriscpreferredethati the oebpalibi nder s
and cakri egedetal i Ltable.that do not regct with hydrogen .
per oxi de or vvi%ﬁera ﬁ%ée";?‘gx. g%ﬁh PUIRES, 8 Qdueaus aWQQShEeW’ldQ/ 085873 10 «
2 Sept enbeol 2008, aRGVeFRA 242 3% %6rEnt ©etydrt \dLat LaonEkEd dat es
with a digmeter of 1 to 5 nm-are preferg%r{;'ugli%eg’goﬁe% db@@gngﬁﬁsa dts.
When pracP dnhepdused pingsethe rasetiori 8% iindependentf freds dort ak $Maopy sl | 5

feed stre 0 actor . conpri,ses an aqueous hydrogen -peroxi de sol ution,
an ol efi nfﬁé@ﬁ% gélelagréffnﬁ’ax‘:s%lp{/'é - .tOTWQHV&'ﬂIQBsbn%#b@m@me be

I ntroduced into the reactor as independent feeds or one or nore of these
feeds_are m xed prior to introduction into the reactor. 10 Using the

proced@ a@iﬂ@gdthmpt‘mqslsead:wdﬁmg o thy inl@ition &R oPerirkPes Gezed in

‘parti cul af DoI. fins.wth 2 to 6 carbon atons. The process according to the.
invention RS HHASE Phmartisudaryolafiingswishtdtot fecanbpnxatwasi oThef procesgne t o
propene oxd¢cdfdir NOAY, Gt ns. | | d preferred for an,

i ndust ri al _sc_:a1l e‘c_,ogcrlggfeészﬂ‘%@taggsi%r@%ge%ggﬁﬁtcui]ﬁpﬁy LA 18 1% #8ut as a
techni cal epaxidarienveft propeans priopenéoxddd IFBr b @Fedsd 18 wthy” ©f

. propane. tI)Dro epe ngy-be fed as a [iquid as
. € preterred for an industrial scale process to use propene not in a

.
- L2

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 avai]ab1e;-stabi1ised 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 és 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



-well .as in gaseous-forminto the reaction system The hydrogen peroxide is
used inthe process according to the invention 20 in theedi@hBaraioogn
agqueous solution with a hydrogen peroxide content of 1 to 90 w.%

pr ef er abW 02083833 70 wt . X and particularly preferably 30 tpcraPoi28s The

" hydrogen peroxide may be used in the formof the comercially avail able,

" stabilised solutions. Also suitable ar ell unst abi | i sed, aqueous hydrogen

per oxi de sol utbhlons_ uch as are obtained 25. in the anthraqui none process
for produlisfy 9d\‘1$§eﬂati%'r-ox$lﬂéab'rﬁ1§0}\m¢8iﬁlﬂhdep&'le:bho‘walsud\:alsri ed out in

t he prese ' | order 1o Lncrease the solubility of the

ol ef !On, ‘ pirﬂg?‘eaﬁé 1 % t@?ﬁ%‘:% t&ﬁ?ﬁ@n‘f’f h-@héi%fké@?haﬁ %Ieéaweggthﬁrﬁnear e

. all I 1wcdlhat, i i o) dWs sLi ght .
oxtent. by o oosis bromitiediol BF £ BropinediS) kYL RELAS shch Brcrodng ¢ hat

di ssol ve Frameatatwabydofunan.c didwxane 16r propyliemevexide; §IyebPrétd@ra’ duch

* sol ventss are conpletely 2. Septenber 2005 WO 02/ 085873 PCT/ EP02/ 02286
11 ni stgi bft‘ga‘fﬂ"t??‘ﬂmgﬁsr?te@ﬁ?%/%‘&c omgrameshyl, @thge. atbylenesatyeol as

met hanol , p&i erdths : s for exanple ethyl ene

gl ycol , 1?2-%?2%2#23?%1 ég);P Vi Egﬂé’ﬁéﬁ@éﬁgi‘ﬁ’ f:%%ﬁ?@ oL ﬁ@%‘g'ﬁﬂ?é{@ or

exanpl e t Benameyhylokthem, addcketonessuck Ay FomexamhHe acBtoHeCbr @-Bﬁféno?l‘éqh o
ycol nononet hyl ether, ethylene glyco nonoet hyl

as for eXﬁ | e Ft,h | ene, gh

ether, et ?W@H@ giSy art iguhanit preferakly vsedraspgobvantgl ycol nononet hyl
ether, and ketones such as for exanple acetone or 2-butanone. Methanol is
particularly . preferably used as solvent. 10 peroxide, the nolar ratio of

ol efi 10 pTld el ebiry ipr preefepabTyo eyIByEd S e;g@éégx}.gfdbq;,g}‘gg zﬁé)eha}a%a& chosen

n the range from1l.1 to 30. The solvent Is prefera I n¥a wei ght
ratio of PENoXide Ap peden tocachjemna sigrfiificant poréuempibiby ofnfydrpgeni N excess

consurpt | PP ey KB JRTar FRHE S FSIRRIrGY brgtarbE Rrepens-ato Jurinesem used.
The anmounpereiid@ipreystabdy being chosen in the range from 1.1 to 30. The
' solvent is preferably added in a weight ratio of 0.5 to.20 relative to
15‘ the amount of hydrogen peroxide solution used. The amount of catalyst
employed may be varied within wide limits and is preferéb‘ly chosen so
~ that a hydrogen peroxide consumption ofi more than 90%, p'r‘eferab'l'y more
than 95%, is a_chieved within -1 minute to 5 hours under the‘emb]oyed
reaction conditions. |
| 20 |
¢ According to one embodiment of the resent rirA:vention reaction conditions
' like temperature, pressure, selection of olefin and selection of solvent -
and relative amounts of the components of the reaction mixture are “
| chosen to ensure the presence of only one aqueods Tiquid phase ﬁhehein
25 the oleﬁ'n is dissolved. An additional gaseous olefin containing phase
" may also be present. | .

" But it is preferred to conduct the epoxidation of olefins with 'hydrogen
perqxide in a multiphase' reaction mixture compr_ising_'an 11‘quid aqueods
30 -hydrogen peroxide rich phase containing an orgahic’ solvent having a
‘_ so'lubﬂity in water of at 1east' 10 % by weight at 25°C and an liquid



-enpl oyed may be varied within wwde I'imts and is preferably chosen so. that .
a hydrogen peroxide consunption of nore than 90% pref ersdpkamp@rgosthan |
95% is achieved within 1 mnute to 5 hours under the enployed reaction®
condi ti ¥R 02/0858%r di ng to one enbodi nent of the resent inveotEpsm/gRsEti on
“conditions like tenperature, pressure, selection of olefin and sel ection
of solvent and relative amounts of thel onponents of the reaction m xture
are chosen to.ensure the presence of only one aqueous |iquid phase wherein
the ol ef i 79081 0d€TR &dch phagadiTheseby agaevrrubettart produntt sélectgvithase may
al so be pE#psERtachPeed ! 1S preferred to conduct the epoxidation of olefins
with hydrogen Tperoxide in a nultiphase reaction mxture conprising an
| i qui d agueous 30. hydrogen peroxide rich phase containing an organic .
sol vent Qeang a solubility in water of at |east 10 X by wei ght at 25C and ¢
an | i qui 2 18cpERGEIDIZODE any. panson2¢k0idd 8 3inl ThEGRLEERY pPégdnce OF AW C

an gven better product selectivity can be .

| ef i [ . I
gcﬁi g%&i'%ﬁ%égabb%@?%sgsbwzi'n{;e?)g}"gﬂ ysitem eomprisingeanralefiie, @nesence

F b tam i e . ! =
ol el im. o vt or R (FBAVE, SRR B ant SQIRShS Mol SOGT beRPAS s 3hn.c ae
sol uti on Wilit| depeodesni many rdifferctritt éacturst afiratsof Rl S‘Ehé)gréééngbh@f esence

in rich, liguid organic phase will depend on the

f | . .

?errggr a? gtigﬂ?ri‘a r@ el]l"e"‘%ﬁ;bltf?%q Argand cr phaseowi Hndepend onlthet ed ol ef i n.
10. Pref ' L0 i t,h _of
the of of | S ERVatuRE AROPRECAEARATEY' th-the Heafbi and e PEfRssBrGoTaTin he

sel eclQ orPreferadbd yotlgnrapp] el pessursuid ap! 03Ri v, I
oI el ol S0 B8O YA BRTIE

solvents that_djssolve in an anpunt' of nore than

Pr ef erred ré.l dnvéhithet ehaseni kaspevatune. afurtheomareoit wind dépend3gn the wt. %
pref or r e agrvion oF e BaanTe: nyeRFs SFebls on otaeslc Soavers ac gl al
- sol vent s ssdventThhat ididseleY en G aRbRt oPemoreethd 16 NS 2P5fhRERG:
' ~ 25°C. Preferred are solvents that dissolve in an amount of more than 30
15 wt.% in water at 25°C preféfab]y more than 50 wt:z in water at 25°C. The
most preferred soivents,are completely miscible with water1 In principle
all solvents as exemplified above can also be used in this preferred
embodiment'as long as the conditions are met to ensure the presence of
two 1iquid phases. '
20 |
Additionally the presence of a second organic olefin rich phase will .
depend on the relatjve amounts of olefin, water and solvent. The amount -
of solvent is chosen to achieve‘sufficient solubility of the olefin in
| the hydrogen pefoxide rich aqueous phase in order to get the desiréd
25 rate of reaction. At a given temperaturé . pressure, olefin and solvent
the relative_amounts‘of'ingbedients_can be adjusted to enéuré formation
of a second 1iquid organic phase. I.e. to ensure the fbfmétion‘of a
second liquid organiélolefin‘riéhlphase-the amount of olefin has td be
selected in excess of the amount soluble in the aqueous phase at fhe
30 chosen temperature and pressure. |
~ A simple means of experimentally confirming the preéence of a second
) 1iqu1d'organ1c‘phase'at:the reaction conditions is by collecting a



.enmbodi,ment as long as the conditions are net to ensure the presence of two
l'i quid phases. 20 Additionally the presence of a secongsgpg@aibee20befin rich
. phase will depend on the relative anmounts of olefin, water and sol vent.

- The anougl o2ksss9! vent is chosen to achieve sufficient sopépiebbiagf the
oleftnin the hydrogen peroxide rich aqueous phase in order to get the

desired 25 rate of reaction. At a givenldenperature . pressure, olefin and
solvent the relative anounts of ingredients can be adjusted to ensure

f or mat i onsampleaof ethenceddtdon ahistwanin ®heatainereequippedsith 4 hdgher mati on
of a secoid Ii%]ui d Oé'%ani c olefin rich phase the anount of ol efgi n has to
be sel ec9te5S Atethectemneratune andpresswrapsed iin theePROCRSSus phase at the 30

. cont i rm navERgasFEIFRCURE FeRctof e, Be BaypBED ML e, SEARE OTBEE Bk, cact i on
condi ti onsuitably piteai itbdotetvdaticephdie BORTIaWP d1#6EPHA ddr gl AREV2/ 02286
a

.13 sanple of the reaction mxture in cont ai ner equi pped wth a sight
, glass at Teectighpdmcase ofnd gontirusus flwdreactoncther stghts glags tisr nat i vel v,

the react | w th a sight, gl.ags at sujt.abl e .position to

observe t ﬁéef)%ggﬁ 6’@3%‘3’?‘?9 dis3EcHis OHgT‘?tngft "‘?3&358{‘ i %#1 uept & BaYﬁ ag

conti nuou r | : ' f b i L near the

out | et of %Pﬁtﬁp’eglgﬁeg??e%ﬁa:ﬂﬁtéﬁ q?@“ﬁa??%éfagﬁtpﬁﬁg‘fﬁcgm%ﬁ {”I!lg{ﬁtgm l'iquid
. phases ar enpires eesidehcedgme avitthi hetheeneagter: esi dence time within the

~reactor. 10 Thus a person skilled in the art can wthout any effort verify
whet her when applying certain selections for olefins, solvents and

reach i, Thes ABLAIh Sl i thd dHOSE HERGIE By FHH e By MIBLRGSSC"

(i nvention IS sent and can a y variatl e’ par

di scussedhemapplyimgdeertiatint S ecthmisi for Dlefhm,i solvedts dmd psdctibhsh a 15
second Iiaui d orggni ¢ phase.  Accordi ng to a nost preferred enbodi nent of
‘the preseRBTINREERS idkWe Hd quid Phase i system &t eeAuised dypElp dresentnd met hanol

s used a§nGertGb Y pr&@nt and can adjust by variation of the parameters as
discussed above in detail the reaction system in order to establish a
15 second Tiquid 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 |



exanple for a reaction m xture conprising propene, nethanol. and aqueous 20,
hydrogen peroxide at a reaction tenperature between 30€sptnideooes ™ . .
pressure fromb5 to 50 bar the ratio of propene flowto total flow in  case
of a conWiOP268M87X | ow system can be adjusted to be in the pengpomzzst0. 1 to

~ 1, preferably 0.2 to 11n order to obtai r]‘ a second liquid organic phase. 25

An additional gas phase conprising ol ef' n vapor and optionally an inert

gas i. as_th t.doe not Pterfere wi th the epoxidation can be

addi t i onal Ph? ‘5’6@6?‘31%; tRe exeiaiped dm; mer sletabh.refdoting to theer t
,9as is UFETIdking e?@ﬂ\;ﬁteg' n a constant pressure inside the reactor -and-to 30
renpve oxygen gas by the deconposition of a small part of the
hydrogen peroxide charged to the reactor. 2 September 2005 WO 021085873 14
PCT/ EPO2/ he pr esent | nvent | on WI || be explained in nore detail i
ref erri ng=t8+%e i Mg OFRAMUINEe LXamplesadré&m sil i cate catal yst was

enpl oygd in all exarrpl es. The tltanl um silicate powder was shaped into 2 .
nm extrudates using a silica sol as binder in accordance with exanple 5 in «
EP 00 106A6fitadiumFe¢l egh

ant hr aqui none rocess@aa&}ghgww%ag éﬁ‘?séld)?g sol u?g@gféﬁEpox ﬁfﬁ“&H""

carri ed o8i1i€ake ipewders wasi shaped eintoi Z)mmt eirudat@d @isiihg & &lilie s Gsanmet er

f 10 Th furth d-of
Che oo, nonPIeE, UFBERO R Ben T oA egsl%”%amﬁfﬁhﬁduﬁﬁ%ﬁat i ng

. T met h he 40X H2Q2
and propen. T SOSIR0r "ot f Sy  ERETLRRTReo8: 4 M8 -bydoegus o

reactil@n S@}qte@m.t ure is cont roI I ed via an aqueous cooI ing liquid

circulating in a cooling jacket whereby the cooling liquid tenperature i s.
controlled by a thernostat. The vyeactor 20 pressure was 25 bar absol ute.

Mass f 1 ovggdy 13%?0@??%'&%%&%%1%@ 75 5% Aordattion tube®of 3005 f eed

concentrati on

volume, a diameter of 10 mm and a length of 4 m. The equipment is |

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

15 and a Tiquid separating vessel. The three contaiﬁers 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



~-met hanol_feed concentration of 57 w-%and an H2Q2 feed concentration of

9.4.W.% 25 Wien performing the exanpl es and conpar at iINVSeRxAbdRess f | ow

- mode (downfl ow (DF) node or upflow (UF) node) as well as the cooling jacket

can be sden from ature [X] ity based on
. °C | X1 | Ho,
B SN o (]
< CE1 UF 30 | 0.35 81 95 77
- R UF | 4 | 0.5 96 93 89
CE8 | U 60 18 % | & | 78
CE& [ UF 80 4.1 87 70 61
El DF | 40 | 0.35 | 9 96 92

- tenper atWod2m85873 he total mass flow were varied as indi capet/rpo/obag e 1.

The flow rate was adjusted to achieve ¢ arabl e conversions. The product
stream was anal yzed by gas chronat ograpﬁ}pand ‘the H202 conversion 30 was
determ nedmt))g{idtey ration. Propene selectivity was calculated as the ratio

of the an® 104 berGidoBxsusd aellaPethoxyo2tprepanet 2amelthoxydf-propanpdne
oxi de and ger p;nhng hydrocarbons forned during the 2 Septenber 2005
WO 02/ 085§6§11§W?E%%702286 epoxi dation reaction such as

1- net hoxy- 2- propanol , 2-net hoxy-|-propanol and 1, 2-propanedi ol. Table 1:
No. MbdeCoql i ngFl ow Rat eHO, Propene ' Propene Jacket kg/ hConver s- Oxi deOxi de
Tenper - i ondledtiv-Yiel d at ureEX]itybased on C X] H202 CX] CE1UF300. 35819577
CE2UF4Q, 0. 55969389 CE3UF601. 8928578 CE4UF804. 1877061 ElI DF40 . 0. 3596..9692
E2DF400. 7819879 When conparing CEL and CE2 with CE3 and CE4 it is evident

t hat prodqucipg Ser ¢ct VAR ' T T tHEsTeaption—tet Nt h
decr easi g ltlsoel ecti v?’tggéwi 1 hcmg*gasi ng gﬁ% J 't'tﬁ?ze. Ilu'hpl%%bﬁg%d
&é@g 9 rra&%f' t$° | n g

di ssi patijlon and 10 uniform at ure ‘ }i‘ﬁr a :
person sKilled in| the art PE brefer the pip- f1%w nperlectivpr i Jiigddy, { as

E2 OF | 0.7 81 98 79

-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



conparing El and CE2 the results in down-flow node are even better at the
same reaction tenperature. 15 OF = up-flow node DF = @dapidrhioar 2008e 2

Sept enber 2005 16 CLAIMS 5 1. A process for the catal ytic epoxidation of

ol efins with hydrogen peroxide in a continuous flow reaction system
wherein the reaction mxture is passed through a fixed catalyst bed in
down- fl ow operation node wherein a fixed bed reactor conprising cooling 10
nmeans is used and the reaction heat is at |east partially renoved during
t’he course of the reaction. 2. The prot®ss of claim1, wherein the fixed
bed reactor is a tubular reactor and the cooling nmeans is a cooling

j acket. The process of any of the preceding clains, wherein the reaction

m xture i s passed through t'he catal yst bed with a superficial velocity
from1l to 100 mh, preferably'5-to 50 mh, nost preferably 5to 30 mh. 20
4. The process of any of the preceding clains, wherein the reaction

m xture is passed -through- the. tatalyst bed with a |iquid hourly- space
velocity (LHSV). from1 to 20 h'', preferably 1.3 to 15 W 25 5. The
process of any of the preceding clai €AIMdherein the fixed catalyst bed is
naintai@ed in atrickle bed state. 6. The process of claimb5, wherein
trickle“bed state is maintained under following flow conditions: 30 Ga. <
2000 mh and lAyprebéss for thehertalyti@ efmptatibeof20@6inswith 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 nulmqfgﬁﬁeﬁ&ﬂf%%ﬁ%ﬂn”&ﬁ&‘@a@&??tha%égéeﬁéq"éécf‘% 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. 2 Septenb®esp@ectien of the catalyst bed inm?, -

- . 12
A= (E&) _E.L_J]
|\ Py /\ Pusr
. - 2R n
© ]
M A PL

\OuL/ |

,and

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. '




10. The process of any of the preceding clains, wherein the overall feed
streamto the reactor conprises an aqueous hydrogen pepR®dpkembs&@ogbi on, an
ol efin and an organic solvent. 5 11. The process of claim 10, wherein the
reaction is conducted in a nultiphase reaction m xture conprising an

| i qui d aqueous- hydrogen peroxide rich phase containing an organic sol vent
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 clains 10
and 11. wherein the organic solvent iggnethanol. 13. The process of any of
the preceding clains, wherein a titani'um 15 containing zeolite is used as
catalyst. 14. The process of any of the preceding clains, wherein the
olefin is propdihe.progess Hf aypefkesprecedinghed atnst adhetdio theooedall on of

propene with hy, I Qxi ] continuous flaw,reaction system
conducted in a ﬁlm%‘f?’ ?'g’ﬁ"ég -Er}éa%%f:%?ﬁ ﬁqmgmpa B AWTIUSi Smgﬁnlﬂeﬁ??f‘@gaqueous
hydrogen per oxsoticion,clin phefie andénagrghimig $odvémnol and an |iquid organic

propene rich phase. wherein the reaction mxture is passed through 25 a
fixed catal yst bed in down-flow operation node and the reaction heat is at

least partijl | yhe prpeees offielaftd 10 NRheravh The Phadtith i€ @EMdubBSY in a

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,





