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place in t Eﬁﬁ FEA& A8 yadsas cakalystore in order to achieve a 25 high

reaction velocity as high a propene concentration as possible in the
| i quid phase is necessary. Since the liquid phase predom nantly conprises
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reaction qixture:’ The epoxidation of propene is therefore preferably
carried Qut with"an excess of propene and up to a high hydrogen peroxide |
conversipn. In order to achieve a high hydrogen peroxide conversion 1t_.

15 s advantageous to use a continuous flow reaction system. Such a
reaction system may comprise either one or more continuous flow reactors
or an arrangement of two or more flow mixing reactors connected in
series. Examples of flow mixing reactors are stirred tank reactors,
recycle reactors, fluidised bed reactors and fixed bed reactors with

20 ‘recycling of the T1iquid phase.

- Hydrogen peroxide is in general applied in the epoxidation reaction as
aqueous solution. Thus it is believed that the epoxidation reaction
takes place in the 1iquid aqueous phase. Therefore in order to achieve a

25 high reaction velocity as high a propene concentration as possible in
' thg liquid phase is necessary. Since the 1iquid phase predominantly
comprises aqueous hydrogen peroxide solution and optionally an organic

| solvent solubility of propene in the aqueous phase is limited. So far in
the prior art two different routes are described to achieve a high

30 propene concentration in the aqueous phase.
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WO 02/ 085874 27 June 2005 2 Since it is generally known that diffusion in
a gas phase is by several magnitudes faster conpared to diffusion in a

i qui d pWBesgssee for exanple Perry's Chemi cal Engi neer 97_idagdbosk, 7t°
edition, Mc Gaw H Il, 1997, pp 5-42) the reaction is carried out under a
propene atnosphere at 5 el evated pressurz with the effect that a reaction
systemw th an aqueous phase conprising all of the hydrogen peroxi de and

some propeﬁ‘?é'carﬂdi 3s geneps’ known € ! S ~wLhereby propen
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I i quidifi Eé@Qmﬂ ridiRRENG: ggﬁpp esence of an organi'c propene ri e Hgase .
in case o?ﬁ-an aqu oﬁé ﬁr@?& aniW@eg Respxide iand repmeoprepenei and ot
di scl osed pragend Bid¢H : d n 4 99/ 01445, t eachi ng a process
f or epoxgggg‘?dgnhgéfﬁ E?g e@éémem*%é‘ftenyg%’ggxrmaﬁm &eeigt.e%fggmit?m eased
during o Tophase due toeredctionni t I ntain a
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substantigb constant concentration of propene
phase in * to conpensate for catal yst deactivation. As is evident from

exanplij@s 1 and 2 in WD 99/01445 the tenperature is increased during the
course of reaction from65.6Cto 71.1Cin order to maintain a constant

e e o A00OLIZ a1 o020 341 15K Ul B, b AR @
that concEFATAPN oh sefventogande usedidoatmprove tHeas1ubidity of propene in
- the aqueous peroxide phase. In accordance with the above described
theory the reaction is conducted at elevated pressure to inérease the
15 solubility of propene in the aqueous phase. Only if no solubilising
solvent 1s present the increased pressure would lead to a
Hquidification of propene. The presence of ‘an organic propene rich

phase in case of an aqueous phase containing a solubilising solvent is
not disclosed.
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A similar route is taken in W0 99/01445 teaching a process for : :
epoxidation of propene wherein temperature and pressure is increased. .
during operation of the reactor in a manner effective to maintain a
substantially constant concentration of propene in the 1iquid aqueous
25 phase in order to .compensate fof' catalyst deactivation. As is evident
from examples 1 and 2 in WO 99/01445 the temperature is increased during
the course of reaction from 65.6°C to 71.1°C 1in order to maintain a v
constant H,0, conversion to compensate for catalyst deactivation. In |
example 1 the pressure was held approximately constant at about 20 bar
30 with the result that concentration of propene in the aqueous phase and
propene oxide sg1ect1v1‘ty decreased. In contrast thereto in examp]e' 2
the pressure was increased to hold the propene concentration



propene oxide selectivity decreased. In contrast thereto in exanple 2 the
pressure was inhtreased to hold the propene concentration 11 WO 02/ 085874 3
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52/08%17 EP02/ 02288 approxi mately constant with theunedabs t hat

propene oxide selectivity decreased to a |esser extent. PI/EP§2/02288 d be
still desirable to achieve a better prepene oxide selectivity. 5 EP-A 659
473 descri bes an epoxidation process wherein according to the exanples a
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fromthe exanpl es reaction

one | i qui feagiienuks performedhiy gi bsfnSS@ly 86, The increase in
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‘account (o} ' f the reaction systemrequired to carry out the
process 25x‘é”§ﬁg?ﬁ-§§g%ﬁga§gdﬁei é‘ﬁa}l 0%;,@%65%&9@, @Rdotheemajast proporttioncedr di ng
to WO 00/ tiiscBiquid phase datiten ,F%{’ygtlé&)ﬁtol Ehfsoﬂ‘ggééi%ﬂ Zgﬁed%hdcaorlh(%hglrons to
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proportion of the Tiquid phase is passed to the next zone. Thus each

.reaction Zone can be considered as an independent adiabatic reactor. At
the same time gaseous propene is fed in together with the liquid feed
stock mixture, is guided in a parallel stream to the Tiquid phase 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. As is evident from the examples reaction
conditions were chosen that result in only one Tiquid aqueous phase
wherein propene is dissolved. The increase in propene oxide yield
compared to conventional tubular reactors is only related to the
temperature control described in EP-A 659 473. But on account of the
comp]exity of the reaction system required to carry out the process
considerable additional costs are involved.

Similarly according to WO 00/07965 the epoxidation reaction is conducted
under conditions to have only one phase i.e. the liquid aqueous phase
having a reasonably high propene concentration. In example 2 an aqueous
hydrogen peroxide solution, methanol and propene is fed to a fixed bed
tubular reactor. By adjusting the relative amounts of the feeds to a Tow
ratio of propene feed to total feed and a high ratio of methanol feed to



havi ng a reasonably hi gh propene concentration. In exanple 2 an aqueous 30
hydr ogen peroxi de sol ution, nethanol and propene is fed to a fixed bed
tubul ar ne@@sGsg714ByY adj usting the relative anounts of the J7ekge 2005a | ow
ratio of propene feed to total feed and a high ratio of 02880 to WO
02/ 085874 27 Jupe 2005 PCT/ EP02/02288 44 total feed and by applying a
pressure of 20 bar only one liquid phase is present. Al though by taking

t hi s neasutat=al afdedd ' versi g f 98.4 % could be achieved

the pr opegsrq(;éri‘éieéisée'?g?gi W?%ﬁ%g&%sﬁh sopgpiol?q" pply csgner diqui d phase disal
applicati -hélthaughi e dakims ¢ n.alternatjve
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solubility i ?,‘ \%?f qél?" F’?’Ee‘l‘ ?@wﬁwﬁéin Pégcﬁyw?beﬁrmndembedmdesd. as
mandato$y in order to forma second organic phase. Thus the second liquid -

organi ¢ phase.is formed by a water insoluble organic solvent. In view of .
the ci tedk@r ﬁ%r@énll%ésoﬁﬂ altemmativee the qsoasiibi néf%r{dﬁctﬁ\\geé provide a

process f Ldation of, ol efines that results in 1 npro roduct

sel ecti vi %mgégﬁ%z&g?ffﬁ"%ﬂedm Bydreger [peraxides ustng riwed 1 idphises

convent i oriak. rapa g s bj .of .the Jnventjon 20 This object is

achi eved I%)éea pr o%feés?jgsf %}gsgh@éndcgﬁa+rsq%}'ﬁc HIRE kst ﬂgﬁc seds| Byt ithewi t h

hydr ogen $pncaeof wrgamid soblere K i ' risin l'i qui d
aqueoulg) hylgigq%ﬁns\g(fr%i de rich phas?qggn?giom %‘g@ﬁ”@fgﬁn iieggﬂgg%t havi ng

a sol ubi | iFyo9eRatied hydegcarbons sre descrilbad wsimridagsr tinZEFdéynQOap%,Lm' qui d
organi ¢ oleédnd bi ph rding to referred enbodi nent the present

i nvention ref ergﬂ'?dgng ﬁ%ﬁs&i@ g*’e %ﬁ@%ﬁgiﬁ%ﬁ opgaric phaseris formed by oger.
per oxi de ArWater insoluble organic solvent.

In view of the cited prior art the object of the present invention is to

15 provide a process for the epoxidation of_oTefines that results in
improved product selectivity compared to WO 00/07965 which can be
carried out using conventional reaction systems. |

Subject of the Invention
20 |

This object is achieved by a process for the catalytic epoxidation of
olefins with hydrogen peroxide in a multiphase reaction mixture .
comprising an 11quid aqueous hydrogen peroxide rich phase containing an
organic solvent having a solubility in water of at least 10 & by weight

25 at 25°C and an liquid organic olefin rich phase.

According to an preferred embodiment the present invention refers to a .
process for the epoxidation of propene with hydrogen peroxide in
- Presence of a titanium-containing zeolite as catalyst in a multiphase ’

30 reaction mixture comprising an liquid aqueous hydrogen peroxide rich

phase containing methanol and dissolved propene and an Tiquid organic:
propene rich phase



presence of a titaniumcontaining zeolite as catalyst in a multiphase 30
reaction m xtur€ conprising an |iquid aqueous hydrogen peroxide rich phase
cont ai ni Ngp opésegol and di ssol ved propene and an |iquid orzajune 20p5 opene
rich phase 0 0 WQ 02/08S 874 5 27 June 2005 PCT/ EP02/ 02 2E3/ERGY/02288sent
inventors have surprisingly discovered that by using a nultiphase reaction
m xture conprising an |iquid aqueous hydrogen peroxide rich phase and an
liquid organic olefin rich phase product 5 selectivity conpared to the
prior art _ﬁ%n be considerably inproved w thout conprom sing hydrogen

c
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. Chemni cal Engi 'TQICh b M XEUrer eomprrising ranc kisquidf aqueouki ydrdgapases mass
transfer oxideerd vl I [.C phase .t o | i qui d agueous phase
. where tiﬁ;zgg&‘i QF?QEQ%‘%PQ@@ ns%#cﬁl orgarjg ¢ qﬁﬂg'?ﬂQh.lﬂbésespl)(ﬁi«:irorrpar ed
to syst NGty comparted doUuheusrigpa se and an ol efin
gas phasew- ciﬁ:r di n t&(_t he expg@; ati gﬁgct{aﬂfge gﬁggf@ﬁgﬁ 9PRQ ive
ef fect on Hﬁ@q ggﬂ"pg‘el“ Vlﬂehnge@rpﬁromd@lmbnva\sﬂbhhqflﬁ§5ré§u9€%s
sel ectivi sfully. 15 inproved according to the present
i nvent i ont\ﬂ)?ﬁgwy %@E@fgﬁ@l% ce th Was sexnected fromegereeat riextbook of t he
| nvent i onkhowl@dgbaasces i t ) nt_invention is the
presence L two i i séc"imb]l-lzi.?(?g i%@ﬁaéeéﬂéﬁjgégﬁp?'&ﬁﬁr& gek supragen
per oxi de_F1&h INpersecof ritnoali quiduphbsesanass tPhRSfiep Frdi tAIORGuIG! drgahqy "9 @
wat er jom ﬁﬁégoﬁo a 'ic Solvent present in the aqueous phase. |
"{app_r eciable by % E JWiGnaquaaus phase whereathe meactiors takes ol aéeshould
i sci bl be yemggnitudes slower compared to systems having a single aqueous
phase or an aqueous phase and an olefin gas phase. According to the
expectations this should have a negative effect on hydrogen peroxide
conversion. But nevertheless product selectivity could be successfully

15 improved according to the present invention without compromising
conversion.

Detailed Description of the Invention
20 The essential feature of the present invention is the presence of two
3 Tmmiscible Tiquid phases i.e an 1iquid aqueous hydrogen peroxide rich
phase and an liquid organic olefin rich phase while having a water
miscible organic solvent present in the aqueous phase. As is appreciable
by any person skilled in the art the presence of two immiscible phases
in a reaction system comprising an olefin, an water miscible organic

solvent and an aqueous hydrogen peroxide solution wili depend on many
different factors.

25

First of all the presence of an additional olefin rich 1iquid organic
30 phase will depend on the temperature and pressure applied in the reactor
and the selected olefin. Preferably the applied pressure is at or above



25 in a reaction systemconprising an olefin, an water m scible organic

sol vent and an aqueous hydrogen peroxide solution wll depend on nmany

di fferen Jm&&r@. First of all the presence of an additi @rajunel2ebsn rich .
l'iquid organic 0 phase will depend on the tenperature aRATfPexezrss
applied in the reactor and the sel ected é" efin. Preferably the applied
pressure is at or above WO 02/ 085874 27 June 2005 PCT/EPO2/ 0288 6 the

vapor pre r fi t thg chosen tenperature. Furthernore it

will depeﬁ:ggo‘ﬁp?ﬁg%gf'@c‘fioﬁt@ °ﬁﬂ€"bﬁ atﬁlecca%ﬂenemmpesatueml Euethermgpai c

sol vent arié willl dependnérs thba%ﬂ%gi&f)bfoﬁﬂe?h?&%ﬁ? §?1]5V|Ezlie oxidised only to a
e S

slight extent by hydrogen peroxi de under ction conditions,
and that dissolve in an anobunt of nore than 10 w.X in water at 25C.

Preferred | vents_ that dissolve in an anmount of nmore than 30 w.%in .
wat er at Egifagjgfaesr 8&9@%?@9\{%@@) allysolventsikhat are ASE.oxTlEsed B

f er r5ed apel iscible.with water. Suitable solvents .
Mol ude algonal o oo Py t8ne S1TkHE EXeBhE Ry hgirooen pnox deanden theoi s such .
as for ex&hefien eeactiiemecondivioms, dndtRA©ORASSS]Y iﬁra&aﬁagﬁtgg,@r@qc}goghpﬁg?' e

et hers su;@ @s for gxarrpl e _tetrahydrofuran, dioxane 0
gl ycol et méME-& 1, water @, 253G rpPeeferned ane splwents rohaendisyol vet{itan

et hyl ene g I h tber. ethylen | ycol nonobutyl ether or
propyl ene“'hg?d{ggo?ﬁﬁlr%pﬁorﬁrr{ébhg‘# "&‘t’ge}", wéﬁ?fy@@t g’#&s Pegfarably fmoreckkamb@ acet one
or 2-buta in wdtehaatolosrg, tg f . Using the process
accor ﬂbng {o ,H]e I_.nvention am“bo’rﬁ ﬁ@%&‘%@é@&%ﬁﬁ&%@%%n I cul ar
ol ef i 1Y wWits¢ible withowatesn Suitableriselvarsesicluds Clcahets téhchf'?‘ginve“tion
I s nost plﬁétthhﬁb’i aap{ rio;ii tabJ e for the egioxi dation of propene 10 propene
oxi de. For econgm ¢ 1 EYsBhsb et - vRihanol »@lyeetesuechl dsoforrexanples tethylefs 2l <@
process tglyeet, Qr,2PERsDH s 4N | r it as.a technical mxture with
propane that as a rul eagga}:(gn?gi %’?Eﬁ?é)a%fg]lﬂ’b/ﬁl .CXCSUIC Gf Hheuch@s foonal |y
the prese?¥Bple tetcahydroforamniioxine b phbSi dhRSE dW: b1ycol ethers such
as for example ethylene glycol monomethyl ether, ethylene glycol
15 monoethyl ether, ethylene glycol monobutyl ether or propylene glycol

monomethyl ether, and ketones such as for example acetone or 2-butanone.
Methanol is particularly preferred.

Using the process according to the invention any olefins can be

20 epoxidized in particular olefins with 2 to 6 carbon atoms.. The process
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
.25 contains 1 to 15 vol.X of propane.

Additionally the presence of a second organic olefin rich phase will
depend on the relative amounts of olefin, water and solvent; The amount
of solvent is chosen to achieve sufficient solubility of the olefin in
30 the hydrogen peroxide rich aqueous phase in order to-get'the desired
rate of reaction. At a given temperature , pressure, olefin and solvent
the relative amounts of ingredients can be adjusted to ensure formation



depend on the relative anounts of olefin, water and solvent. a amoun of
_solvent is chosen to achieve sufficient solubility of the olefin in 30 the
hydrogen“QFTox;Fe ri ch agueous phase in order to get the dsjuneduobat e of
reaction 342085834 yen tenperature , pressure, olefin and seCymF2/03188
relative anounts of ingredients can be agjusted to ensure formation 0 O N
27 June 2005 WD 02/085874 PCT/ EP02/ 02283 7 of a second liquid organic
formati on of _a second liquid organic olefin rich

phase. |I. he th
phase the%gn%(l}ﬁ?&i‘f]gﬂ'é}qe PrE3RiG Bhase. deeedoeensureckhe Formationcoprepunt
sol ubl e i BetdrR] % u e .t h C en.tenperajure and pressure. 5 A
si npl e means of glggr;érr‘rjéarﬁgl ??fghnﬁwﬁés% ﬁbegg}'@é'ﬂﬁ&f QSleﬁm;élaSntD bei qui d
sorgani c pkalected tmhexcess ofothe ancint S6Tubte By @R Bﬁ@ddég @gsesa ﬁ% of the
reaction Eh&(tur% in a container equipped wth a sig | BOgSe, AL
t enper at u emperatyre apdpnessur@. process. 10 Alternatively, the reactor

:may be sequi pped with a sight glass at a suitable position to observe the
" phase boundary directly during the reaction. In case of a continuous flow

react or t Aestmpdotmeangsef iekpePinf [ dei r.the putlet of the
react or elrhfl ent to have are opE‘i%rrgw )cégﬂfﬁgf'hgﬁ B&%ﬁ'\cﬁu‘?ﬁapﬁﬁ are
present th? &h?'ﬁﬁﬁmﬁl‘ld’lm ehtﬁhperearﬂiidﬂrmdﬁtfﬁilsv“iﬁmy‘cg}:?%ﬁ%lﬁté”- Thus a
person skgéﬁﬁg_ép1%$e@%&%ﬂﬁﬁmgg%thoq@ any effort verify ether™ when
appl yi ng certaih sere flHXLEreim g, Cantiaieen equippedewith @nsigify anet er s
a two-1|i qglaksphe i the .present 20 invention is
preserit9 aﬁ&&an@%ﬁgﬁ@a@gﬁ gﬂyoé{%glsahéjsﬁgr BrRI'0£8SS di scussed above
in detl8i| na yorthey seacbornmey 4R ebi@i ihs e Lquid
rganic p eb'léA‘CC%ri 1ngtto g m)s{i.wpr ef g?‘r@sagpnﬂtygd:&rrgﬁ!‘%o&)ﬁegtr sent
Position to observe the phase boundary directly during the
reaction. In case of a continuous flow reactor the sight glass is
preferably positioned near the outlet of the reactor effluent to have an

optimal control that two 1iquid phases are present through out the
15 entire residence time within the reactor.

I nvention

Thus a person skilled in the art can without any effort verify whether
when applying certain selections for olefins, solvents and reaction
parameters a two-1iquid phase system as required by the present

20 invention is present and can adjust by variation of the parameters as

‘ discussed above in detail the reaction system in order to establish a
second Tiquid organic phase.

According to a most preferred embodimeht of the present invention the

25 olefin is selected to be propene, and methanol is used as a sd]vent. For
example for a reaction mixture comprising propene, methanol, and aqueous
hydrogen peroxide at a reaction temperature between 30°C and 80°C, a
pressure from 5 to 50 bar the ratio of propene flow to total flow in
case of a continuous flow system can be adjusted to be in the range of

30 0.1 to 1, preferably 0.2 to 1 in order to obtain a second 1iquid organic
‘phase. Specific reaction conditions are shown in the examples.



25 olefin is selected to be propene, and nethanol is used as a solvent. For
exanpl e for a reaction m xture conprising propene, methanol, and aqueous
hydr ogen wehoydsga at a reaction tenperature between 30C argf RA€.2085
pressure from5 to 50 bar the ratio of propene flow to totROT/ERO2/@2288 case
of a continuous flow system can be adjusged to be in the range of 30 0.1 to
1, preferably 0.2 to 1 in order to obtain a second |liquid organic .phase.
Speci fic rAdurtier advditht -ar i 0 the exgml es. WO 02/085874 27
JL#1le 2005, PCT/ Epogv/mg%ggfb;r aﬂ%@?ﬂ’rﬁ gﬁ%’r‘?ﬁﬁ divenbianc iss that teven
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due to parRiAree0y9 ieff@" Qfidentn thacfeed streamentt dueheo Parevat r‘é@%@ﬁn vity

r uld

I's not congf d,,.al though a person skilled in the
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accordi ng d&ﬁ,ﬁgﬁtgi eﬁ)?né ‘I?fF"\é ntioon, Adding an inert gas IS US 1™ o

mai ntain a constant pre £ i $RYEGEIVIKY. r eactor and to renove oxygen gas
formed by the deconposition of a small part of the hydrogen peroxide

charged to the reactor. 15 According to the present invention any known

reacti on Apstdditional iges phasai ctmbir P&l | Sl i.cable i ncludi ng

bat ch daa;{%gr,ls and _copti nuousdjfnrow r@a%?oﬁ@.%’fgﬁ‘g%é#ﬁa%ﬁ% gn jery

non- adi abatrc * & edH3Sohhaly doesnnoti uterfiere with dhesgpoxXitathen ¥ah hd1e

reaction Rdaitil Lall enoved during the course of the
reaction. Reagltog?ﬂxség#é%@saf{)ﬁrd@g %Eﬁe Bresente i puention. cAddinggamrieeress [ _
pref er r ed98sieist usefuls to amriataai at boit el U w.keaction system
especi al | % t hose wherein the rgact | oﬁnm' Xt Egﬁe’r%l 3"%{5@%&:&‘9'{ Fﬁ'a(?gaﬁ %‘df tQed
catal yst WY& 8Xvgen gas formed by the decomposition of a small part of the

hydrogen peroxide charged to the reactor.
15

According to the present invention any known reaction system for the
epoxidation of olefins is applicable including batch reactors and
continuous flow reactors. It is preferred to use a non-adiabatic
reaction system , i.e. a reaction system wherein the reaction heat is at
20 Tleast partially removed during the course of the reaction. Reactor
systems with external or intermediate cooling are less preferred due to
cost considerations. Continuous flow reaction systenm, especially those

wherein the reaction mixture is passed through a fixed catalyst bed are
particularly preferred.
25

In the practice of the Present invention according to the .above
preferred embodiment any usual reactor having a fixed catalyst bed and
cooling means can be used. Preferably tubular reactors having a cooling
Jacket are applied since they are standardly available at relatively low
30 cost. As cooling medium that is pumped through the cooling means,
preferably the cooling Jacket, preferably water is used. By. preference
the temperature of the cooling medium is controlled by a thermostat and



particularly preferred. 25 In the practice of the present invention
according to the above preferred enbodi ment any usual reactor having a
fixed cat‘ﬂ‘gi‘%ss d and cooling means can be used. Preferapyyytdsugsar
reactors ving cooling jacket are applied since they RCIEROANR8dI| y
available at relatively low 30 cost. As gooling nmediumthat is punped

t hrough the cooling neans, preferably the cooling jacket. preferably water
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di fference between entry of the cooling um i nt

.exit bel ovRglcexit palaw Préferred embodi ment of the present invention the
reaction mxture is passed through the catalyst bed in a continuous flow
operation node wth a superficial velocity from1l to 100 mh, preferably 5

,to 50 n§ h,I aDprie ; uperf.icigl velocity jis defined
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fulfill tlatiafveotiefe Fisl raselidress upel flaebfltvgloci ty and liquid
hour | y‘qipz%e vel ocity particularly hirggﬁtise gzt I'Vi tdlagéﬂlé&nsé) achi eved. 20
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Accor d Bsegveathe dihgl sypepficialr velozibp dianebe vairiediein heﬁvé?\ f.jmﬂr%i on
o b bR Gt i HCEF G P o T

and

Additionally it is preferred to pass the reaction mixture through the

catalyst bed with a 1iquid hourly space velocity (LHSV) from 1 to 20 h?,
15 preferably 1.3 to 15 h.

Whenever the flow rate of the reaction mixture is adjusted to fulfill

the above defined requirements for superficial velacity and Tiquid

hourly space velocity particularly high selectivities can be achieved.,
20 According to an especially preferred émbodiment of the present invention
‘ : the process is conducted in down-flow operation mode especially the
catalyst bed is maintained in a trickle bed state.

When practicing the present invention the overall feed stream to the

25 reactor comprises an aqueous hydrogen peroxide solution, an olefin and
the organic solvent. Thereby these components may be introduced into the
reactor as independent feeds or one or more of these feeds are mixed
prior to introduction into the reactor.

30 In order to be able to operate the process continuously when changing
and/or regenerating the epoxidation catalyst, two or more reactors may



catalyst bed is maintained in a trickle bed state. Wen practicing the
present invention the overall feed streamto the 25 reactor conprises an
aqueous hydroagggider oxi de solution, an olefin and the orgazi sursokoosnt . .
Thereby these conponents may be introduced into the reactBET&P02/A2p88endent
feeds or one or nore of these feeds are yaxed prior to introduction into
the reactor. 30 In order to be able to operate the process continuously

when changiifiglestrall a1sg e LG t oxi datj on catalyst, two or nore
reactors may WD 02/085874 %’?ﬁ%@%@?a@'ﬁéﬂwﬂ gerws 10 the desired al so
be oper at efl qrﬁdmbeélmanneﬁ.n series in the aforedescribed manner.

Crystalline, titaniumcontaining zeolites especially those of the 5
conposition (TiR)X(SiR)I.x where x is from0.001 to 0.05 and having a M

or MEL cry ' st re, own as_titaniumsilicalite-1 and titanium .
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and carri grogesseacedrdipgi i .1 hat not regct with hydrogen
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" obt ai ned arrier materials being suitable that do not react with

hydrogen peroxide or with the epoxide under the reaction conditions -

employed for the epoxidation. Extrudates with a diameter of 1 to 5 mm

are preferably used as fixed bed catalysts.

15

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.% and particularly preferably 30 to
50 wt.X. The hydrogen peroxide may be used in the form of the
commercially available, stabilised solutions. Also suitable are
unstabilised, aqueous hydrogen peroxide solutions such as are obtained

in the anthraquinone process for producing hydrogen peroxide.
25

20

The process according to the invention for the epoxidation of olefins,
preferably propene, is typically carried out at a temperature of 30° to
80°C, preferably at 40° to 60°C. According to a particularly preferred
embodiment of the present invention a temperature prof11é within the.
30 reactor.in maintained such that the cooling medium temperature of the
cooling means, preferably the cooling Tiquid in the cooling jacket 6f
the tubular reactor is at least 40°C and the maximum temperature within



I n the ant hraqui none process for producing hydrogen peroxide. 25 The
.procgss according to the invention for the epoxidation of olefins,

pr ef er ablgy, ' e, is typically carried out at a tenperatgy gumf2@30 to
80C, pref e?g%/ y at 40 to 60C. According to a particul arly BSTEERO2/02288
enbodi nent of the present invention a tegfjperature profile within the 30
reactor in maintained such that the cooli'ng nmedi umtenperature of the

cool i ng NegHes catd1§5E 5 Yot cQol, | liquid in the cooling jacket of the
t ubul ar rgi&tgéd_i ? at eggtdb%(,&gr%@t 5l rﬁ??@?‘@ﬁﬂeﬂéﬁmﬁeﬂwmm 11 0 9
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sel ecting ,sych a narrow{ y q)de_fi ned terrperatr;Jre %¢ (S)api p'gtw]tzhaﬁ)qqﬁgc?eactor
san opti m ZE"BER AWHBOgEHePoROX deyeonygesi opeand iolef i oxede | suleabrl ity ehkam pexi de
sel ecti Vi ta3ch§ e achieved. 5 The pressure within the reactor iS usually
.maintained at a pressure at or above the vapor pressure of the olefin at

.the sel®cted tenperature for exanple at 10 to 50 bar, preferably at 20 to
50, nost %eferred 21 to 30 bar. Wth propene this translates to a

pressure ofeaprassuee withtn thebpeactoraiy 08041 190ma RIEATH Lbrtea%re%%ﬁrgpagcoﬁty

| east 25 l%ﬁ,r ina ﬁeaction tenperature of 60C. The olefini’s pre
enpl oyed ih & 15 L& Nappr \pressu thoThihe odefin pbrihe delectid vemperatapst
suf fici entf, ' | n I qul fi ri phase during the
reacti on. ;Eiﬁ%ag% ?oﬁg& 9C;Sjae'l'i ﬂpé%rg#)g\‘a#l %6; o ggerNQStt prefenred o2

er oxi de L i St ¢ r e vent
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of hydrbg®drpdr a«rerctden kemparature. off 48 °6nandhat cfeastt 25 \bwir 8T PERetiGHY be

Uari ed W By ' | 4} and is 20 preferably chosen so that a hydrogen
per oxi de conlgeuﬁ%tqlle%rgfgbbﬁ‘b're t han

The olefin is preferably employed in excess relative to the hydrogen
peroxide and in an amount sufficient to maintain a second liquid olefin

15 rich phase during the reaction. The molar ratio of olefin, preferably
propene, to hydrogen peroxide preferably 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 the amount of hydrogen peroxide solution used. The
amount of catalyst employed may be varied within wide limits and is

20 preferably chosen so that a hydrogen peroxide consumption of more than

‘ 90%, preferably more than 95%, is achieved within 1 minute to 5 hours -

under the employed reaction conditions.

The present invention will be explained in more detail referring to the
25 following examples: ' |

Examples 1 and 2 and Comparative Examples 1

A titanium-silicate catalyst was employed in all examples. The titanium-
30 silicate powder was shaped into 2 mm extrudates using a silica sol as
binder in accordance with example 5 in EP 00 106 671.1. The H,0, employed



90X, preferably nore than 95X, is achieved wwthin 1 mnute to 5 hours
under the enployed reaction conditions. The present invention wll be
expl ai neWoOn2/e838@ detail referring to the 25 follow ng examplres2005
Exanpl es-1 and 2 and Conparative Exanples 1 A titaniumsilicate catalyst
was enployed in all exanples. The titanijpm 30 silicate powder was shaped
into 2 mmextrudates using a silica sol as binder in accordance with

| 5 was d ind. WD 02/ 085874 12 27-1 ube 2005
exanpl e prepaded Qecbrding: td ftﬁﬁ #ﬁhﬁﬁ@@sgg A W (R m‘;eges

was prepar%g Eccordi ng to the anthraqui

sol ution. Yki®htion is carried out continuously in down-flow operation
node in a 5 reaction tube of 300 mM volune, a dianmeter of 10 mm and a
|l ength of 4 in. The reactor was additionally equipped with a sight glass

| qui d . phacas oo SRCCarr 2 oft chfl Myeilal gbcdownsd e apenation mode Tn a
fur herorTEe b aFcB0L i oRloRs! & ARGRLERof b S TR R
and a u epar ating vessel . e three container r iUs . ‘
conpri sed fhgreifmiBF,waﬁhéngG%mM equipped peth. a B1ght i 493 0Focitad arﬁa st ed

W th amorha r‘é&t@rﬂdt?% 3:.5. The reaction tenperature was contro gd via
an aqueoush cooling 11¢ b tocation ‘é{q'ﬁgjei\fﬁréf&,@iﬂ'iimgwmdﬂieettwméiqbbd t he
cooling Ipnasesl wepepPesént’ Qsi ' 0 C by.a thernostat. The reactor
15 pressure was adj usted agsidr‘lec?i%gg edsg?]‘;eratﬁ% } 1%%@: fif ofyirhermarer eedi ng
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determ negomnbi’}'{q%tihogircﬁrlg ienrg]eir? eaI igct:'ll1\;lrt¥ el i ;'iqueous
_ g jacket whereby the cooling
liquid temperature is adjusted to 40°C by a thermostat. The reactor
15 pressure was adjusted as indicated in Table 1. Mass flow of the feeding
pumps was adjusted to result in a methanol flow of 0.2 kg/h, a H,0, flow
of 0.033 kg/h. The propene flow in example 1 and comparative example 1

was adjusted to 0.0753 kg/h and to 0.125 kg/h 1in example 2.

20 Comparative Example 2
Comparative example 1 was repeated using reaction parameters as .
disclosed in Example 2 of WO 00/07965 and reported in Table 1.

The product stream was analyzed by gas chromatography and the H,0,

25 conversion was determined by titration. Propene sel ectivity waé
calculated as the ratio of the amount of propene oxide re]étive to the
-total amount of propene oxide and oxygen containing hydrocarbons formed ‘
during the epoxidation reaction such as 1-methoxy-2-propanol, 2-methoxy-

1-propanol and 1.2-propanediol. The results are given 1in Table 1.
30



calculated as the ratio of the anobunt of propene oxide relative to the

total amount of propene oxide and oxygen contai ni ng hydrocarbons forned
during the epoxidation reaction such as 1-methoxy- 2- proparg yund-208e5hoxy-

1- propanol and 1, 2-propanediol. The results are given in Table 1. 0 0 30 27
June 2005 13 Table 1: No. Pressure [bar] Nunber of |liquid phases in the

effluent Ratio F10- 9M - FlI Owt ot al H20§ Convers. ion [X] Propene Oxide
Sel ectiv- ity [X] Propene Oxide Yiel 3
Table 1:
No. Pressure Numpeh of | Ratio H,0, Propene | Propene
[bar] liquid Convers- Oxide Oxide
phases in| Flow,,, ion Selectiv- Yield
the : [x] Ity based o
effluent [x] H,0, -
_ [%
El 25 2 0.24 96 96 Qg
E2 25 2 0.35 96 97 93
CEl 15 1 0.24 95 88 84
Ce2 20 1 . 0.12 98 80 78

5 As can be seen from the experimental results conducting the epoxidation
‘reaction in presence of two Tiquid phases according to the present
invention results in an considerable increase in propene oxide

selectivity without compromising hydrogen peroxide conversion compared

to the prior art. Thu; high propene oxide yields can be obtained with
10 the process of the present invention.




based on H202 El 25[ X] 20.24969692 E2 25 20. 35969793 CE1 15 10. 24958884 CE2
-20 0.12988078 5 As can be seen fromthe experinental results conducting the
epoxi dation reaction in presence of two liquid phases accor glidides t he
present invention results-in an considerable increase in propene oxide
selectivity wi thout conprom sing hydrogen peroxi de conversion conpared to
the prior art. Thus high propene oxide yields can be obtained with 10 the
process of the present invention. 27 June 2005 1 New Clainms 1. A process
for the catalytic epoxidation of propene with hydrogen peroxide in a

mul ti phase reaction m xture conprising a liquid 5 aqueous hydrogen peroxide
ri ch phase contai ni ng net hanolNemhdEladimssol ved propene and a |iquid organic
propene rich phase 2. .The process of claiml1l, wherein the hydrogen

peroxi de s i nfrpnoagcess for the aaltaém‘ic Midation ¥ n to 70
X by wei ght hy %aagperOX|de : TheQ%Pocess of CP§?¥§h1WFH1§&G§2§$E in a

_continuous flo |7(5has‘9‘§1téma5§ eeqﬂtommxmm ¢ompihisipg o A4quddl ¢l ai m 3,
ressure is from 5

“wherei g the re m 30 to 80C, _the
to 50 gar and ft ratﬁﬁgﬁérﬁbgé 9":’fl1 phasecontaining imgghanqlhen_dr ange from

,0.2 to 1. 20 5d1s‘§b¢veh‘ pPepenetnd 21 1uid Gfgafiic YHOpEHE rich phase.

2. .The process of claim 1, wherein
- the hydrogen peroxide is introduced as an aqueous solution
10 eontaining from 30 to 70 X by weight hydrogen peroxide.

3. The process of claims 1 or 2, wherein
a continuous flow reaction system is employed.

15- 4, The process of claim 3, wherein
.the reaction temperature is from 30 to 80°C, the pressure is from
5 to 50 bar and the ratio of propene flow to total flow is in the
range from 0.2 to 1.

20 5.  The process of claims 3 or 4, wherein
a fixed bed reactor comprising cooling means is used

6. The process of claim 5, wherein the reactor is tubular and the
cooling means is a cooling jacket.
25
7. The process of c]aime 5ore6,
wherein a temperature profile within the reactor is maintained
such that the cooling medium temperature of the cooling means is
at least 40°C and the maximum temperature within the catalyst bed
30 is 60°C at the most.



a fixed bed reactor conprising cooling neans is used 6. The process of
claimb5, wherein the reactor is tubular and the cooling nmeans is a cooling

jacket. 25 7. The process of clains 5 or 6, wherein a tenpgyghsd sogy ofile
within the reactor is maintained such that the cooling nmedi umtenperature

of the cooling neans is at |east 40C and the maxi numtenperature wthin
the catalyst bed 30 is 60C at the npost. 27 June 2005 2 8. The process of
any of clainms 3 to 7. wherein the epoxida®ion is conducted in down-flow

operation ngpde. Qgess o | aim 8, wherein 5 the fixed catal yst bed
i s maintained i nﬁ'g éﬂr&?%% é’?b@y Q%aﬁﬁé]mi@ tehe phereiss of any of clainms 5-9,

wher ei n the readhk@poRy i t.hrough .t he catal yst bed with a
superficial vel oci ?‘3’ fr%gntﬁ?ﬁtfossﬁwgq 1ﬂr§9‘@¥'z§i@‘!f operat®m mpde. 10 nost
preferably 5 to 30 mh. 11. The process of any of clainms 5-9, wherein the

reaction mxture, is passed through the catalyst bed wwth a liquid hourly
space vel oSty ?ﬁ‘?—lmcﬁsonflcltadmm Rhereipreferably 15 1.3 to 15h"'. 12

*The proeess of he, precedi ng claims, wherein the reaction
t enper atgure i's gﬁ%rﬁ%@i gt % PR&ASrmasingainashinCa thri cONCbedOstiste The

,process of any of the preceding clains, wherein a titanium containing
zeolite is used as catal yst.
10.  The process of any of claims 5-9, 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,
10 most preferably 5 to 30 m/h.

11. The process of any of claims 5-9. wherein .
the reaction mixture is passed through the catalyst bed with a

| Tiquid hourly space velocity (LHSV) from 1 to 20 h1, préferab]y
15 1.3 to 15 ht. |

12.  The process of any of the preceding claims, wherein
the reaction temperature is from 30 to 80°C, preferably from 40 to
60°C. |
20
13; The process of any of the preceding claims, wherein
a titanium-containing zeolite is used aS catalyst.



