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WD 2004/ 029032 PCT/ EP2003/ 010559 1 PROCESS FOR THE
EPOXI DATI ON OF OLEFI NS The present invention rel ates

W e00an2908pr oved conti nuous process for the epPXI/ER1003010559

of ol efins using a heterogenequs catal yst for
pronoting the 5 epoxidation feacti on, wher eby
deactivation of the catalyst has been considerably
reduced Backgr BRUGESSFORNETE RRQIDAGHONL OF FILERINSP- A 100
119 it is known that propene can be converted by
hydrogen peroxide into propene oxide if a

Thet BfiseRt CieRERE idh k12684 itbean SmpsR@dagontsAicsYptocess for the
Unreact ed hydrogen peroxi de cannot be recovered

epoxiatiioaldfyotefans tuséng 16 hefrnogdeadusncataedysti dar promoting the
m xture. Furthernore, unreacted, hydr n rgxi d

PR 14790 ZHAFF 103 eL D B aCH 5 e A T ESYayPhdias been

AR KdMab WP refluddae  reaction mixture. The epoxidation

of olefin is therefore preferably carried out with an

excess of olefin and up to a high hydrogen peroxide

conver si,o n order. to achi eve a high hydrogen
ﬁﬁégaiﬂaglgbﬁ&éé§waﬂﬂﬁﬂ 20 i s advantageous to use a
conti nuous fl ow reaction system Furthernore high
selectivity for the desired olefin oxide is inportant

Firom EPRA 100d0%Q ritals saakre thabgesperieo cac heevenvertdd by hydrogen
yields and to reduce costs for _subsequent work-up. 25
PRENKAS, TNt Prenany aiidesHl actiteniyn-gpntaiainggealite s used as

desfrdibed titanium containing zeolite catalysts are

C E §#t. , , .

sharpl’y reduced over tine in a continuous process for

t he epoxidation of olefins, nmaking frequent catalyst
regeneration necessary. This is for an industria
Wcedaegr lnxsisegen peroxide egnapt def becavevrmberenamagablys frap the

WO 2004/ 029032. PCT/ EP2003,.010559 2 In th iterature .
b ERe" Tt oo KR er PR isep e i Gl feroxice
involves additional effort and expenditure in the working up of the
reaction mixture. The epbxidation of olefin is therefore preferably
carried out with an excess of olefin and up to a high hydrogen‘perox1de
conversion. In order to achieve a high hydrogen peroxide conversion it
is advantageous to use a continuous flow reaction system. Furthermore
high selectivity for the desired olefin oxide is important for an
industrial scale process to achieve high yields and to reduce costs for

subsequent work-up.

However, activity and selectivity of the above described titanium-
containing zeolite catalysts are sharply reduced over time in a
continuous process for the epoxidation of olefins, making frequent
catalyst regeneration necessary. This is for an industrial scale process

not acceptable for economic reasons.
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and/or selectivity or to reduce catal yst deactivation
for the above described titaniumcontaining zeolite

W@ at0aloy®Bs are described: 5 From EP-A 230 949 PCT/EB2003/010559

known to neutralize the titaniumsilicalite catalyst
either prior toits use in anzepoxidation reaction or
in situ wth strong bases thereby introducing |arge
Lanblmtld teratare JlumepRitsarowies £ eathareleefeape rf@gd ystoﬁ@;h vity

R0 Bfect R ¥R LTI RS LRl LI IBr oite, aboye
de@@rﬁfé‘él fRdnidh-@ortaihingiAde1{te satatsehs ras«@c:@%%m%ae

experiments in EP-A 757 043 however, show that in a
conti nuous process the act|V|ty |s consi der abl y
ri.or t

i A, 20 o s B8 Kb, o ne PR} 28 A T1BR Oy §8 1@ te

dat§ystt Becrept ﬁ\rlﬂb?t wr1+t9rusfeo1@randwdxﬂaaﬁwféﬁ t@é&%h&ﬂfokofh situ
reaction with neutral or acidic sal

Mskbeshrna@ttmlsesimareby Ewtmduswq)lla“geoamaunm thaﬂ kdlyi metal or
tion f neutral or ic salts t sel I,Vit

ke s BarthyBetan 2onefinfs the el IltuRey SeorsubpeTizat ion

Fe@u’f’&ﬁi ﬁ‘gddnt b re@be & nPgSEivi B tan Eé%‘léc’?ﬁ?tgate éydeﬁ1

shows exanpl es wherein the cata yst Is tr
dlbéisaktdgrinoa Hadch rpeocmctl on and the catalyst is
used in slurry form Additionally the experinents
were only run for 8 hours but neverthel ess show

T%U@)S)@‘\Ah rﬁsaﬁW‘EgcA f59Pp43" h8v?etv%|ry‘°sthoﬁ°ﬂ1a‘f' by aaE&?cﬁ ndfous

hou no neans acceptabl e

prodesd th@lacmﬁwﬂtgs$s cohs ferab By IrgdudedA 17f12h85:%th'(3ﬁ>¢h€§
that by perform ng an epoxi dation process catalyzed
neytealtized pmier Itocar idusing the awapttonef Theraberenasi s suggested

t h electi yi I S.4ncreases, Al th | es are. .
oo sl b SRtBrlion tEhat i rbo TR PR i ron with o
rRUFATY of Cdciane Jaod! .Thal dlperafenth] GRRabm EPONTBY R confirm
that the presence of non-basic salts may have a
theti by wdd B0 onnffl newloal oor caamlqzsﬂteseth;e:tseﬂ/eqtyvnw as 1ncreased
ment, it was at ey

onbismaft TGS 1P sealided Seated &8¢ fieoacckTpn e arthgse. But
Egogzgglz%g%m CT%%% 6‘%(3@511 frgg\gfgér'e?ﬁ‘ theecah by ti¥ adtdPwith
the salt prior to the reaction and the catalyst is used in slurry form.
Additionally the experiments were only run for 8 hours but nevertheless
show already a dramatic drop in catalyst activity after 4 hours which is

by no means acceptable for an industrial process.

Similarly EP-A 712 852 teaches that by performing an epoxidation process
catalyzed by titanium silicalite in presence of a non-basic salt the
selectivity is increases. All the examples are run in batch operation
mode with a stirred catalyst slurry for one hour. Although it can be
confirmed that the presence of non-basic salts may have a positive
influence on catalyst selectivity in a short term experiment, it was
discovered that even if non-basic salts are present in a reaction

mixture for a continuous epoxidation reaction the activity and
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selectivity drops dramatically over time. Thus the
teaching of EP-A 712 852 does not |lead to a reaction

waeymuemoshat can be econom cally enpl oyed in BCT/EP2003/010559

conti nuous epoxi dation procesa%using hydr ogen per oxi de
in presence of a heterogeneo catalyst. 5 Severa

d h th bl f
SRR Y R <EnaBeE 1Al y hyer e et SeAdNIBS of EP-A 712
@%%é@%ofr‘le‘%ﬂ% dagdn e %E’cé?rr'%hap%aﬁgﬁn@c%fom cally employed

tion of nitrogen con
rﬂ4aad¢n¢shu@u$tep@ﬁ1dbtﬁbnrpﬁmnesgru91h§thydeogdﬁopeﬁ@%aﬂ@|fh presence
EP-A 1 072 599 teaches the addition 10 of nitrogen
ot Beteragensadesatal ¥fte reaction mixture, whereas EP-A
1 072 600 discloses the use of a buffer system
conprising salts of those nitrogen containing bases

Jever gH padents HoBuKent EReA1 9@h3GR pedFkRSof @ptﬂrﬂzmg activity
addi tion of ami de group containing organic conpounds

ansl ﬁﬁlaecépabwydaf itdhianiugasiiieal Hiexcatad ysUS neep@d datZEbn reactions
n_of bases 15 |,i ke ,a

5, WP RS PT istTi i, ol 8o HoMALarE Eonmaiar e - ad ustment

dW@h@We@@tﬁiﬁdmnIﬁﬂJ?e a%ktéﬂﬁlpﬁf E‘P‘eﬁi‘kl @?‘?@9'té‘a‘%nes the addition
amoni um hydroxi de or alkall or alkaline earth neta

a&fahi bragenwesaka dindsbases fxHtheljneattriamt mofturee wheeeds BR-A 1 072

Xt o the f the effect of
btiSepee ‘c@%%ﬁ?@%lngﬁ&??s§ B HARF 151451 P45 P 4B9Se

ATPEGHS cHNS ﬁgﬁgr ggg@*bﬂ%gggdﬁgwéﬁtonam bh?@ 3b§nrge1tafésmto the

activity an tanium “sili
asidlti i gns b f | @ deldyresp &rdmbammgem’tglagvd edmpolmdsiyto th?@ ewaﬁidatwn
maj ori of hydro%en peroxjde is produced by the well -

RGP B HTFARY (USoReh 28 S04 SCIRSEEr 18y aGs L of Strong bases
ﬁ'ﬂghéﬁ%ﬁ“l & IPJ]‘?H@SE%r@ane&g? éJort f‘eﬂ%gﬂ{,ﬁegmm%}% hydroxide and

cations Is giv nne

thac adid it 1 oirhod 1 sk b&ERISO X Ike amdrli 0 My dBo)Etey 64 QWEéﬂiaopfa1ka11ne
Industrial _Chemi stry, Electronic Release, 6th ed.

aprtByneyaH, sals iHeneakl aatd2600 pH paisstment. oBeher c@e:h on

o] | utio Qr__concen ed h dro
P B P B B et ttBedoeS h B E R no W aes
d@fn@@ pEESRhEI Th Romletd 1Ty a i 1a6RIREUES hﬂir@Q@H tkPokide
to rogen peroxide in | ow concentrations.
so]ut1on on the long term activity and selectivity of the t1tan1um

silicalite catalyst is addressed or investigated.

Today, the vast majority of hydrogen peroxide is produced by the well-
known anthraquinone process. A survey of the anthraquinone process and
its numerous modifications is given in G. Goor, J. Glenneberg, S.
Jacobi: "Hydrogen Peroxide” Ullmann's Encyclopedia of Industrial
Chemistry, Electronic Release, 6% ed. Wiley-VCH, Weinheim June 2000,
page 14,.

Crude hydrogen peroxide solutions or concentrated hydrogen peroxide
solutions obtained from the anthraquinone process contain a plurality of

compounds in addition to hydrogen peroxide in Tow concentrations. These
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WO 2004/ 029032 PCT/ EP2003/ 010559 4 conpounds are
either inpurities or additives |ike stabilizers. The

WO pu2908Es are conpounds that are extracted fPOIEP1963/010559
wor ki ng solution into the aqﬂeous phase. They are
mai nly ionic or polar species’like carboxylic acids,
al cohol s, carbonyl conpounds and am nes. These. 5
CoRpRINDS; @ gidher hﬁ%‘fé@l@sa%@d%%/@si hikeowhaer i?%ﬂ"s- The
: r i.QRS X [ .
EATES R EoMPGnds Shat eDe ek AL Eng OO 88T 1on
18 e8 citebgglidou o qshase .affﬁeﬁiatrémmﬂf’omnﬁtt rMgok@Tepesids 1ike
i ke am des and_10 ureas gsee Ul I mann supra page _6).
ceab@Xyd it sadids pradefialsd careond: cornoupds andeawsnes kdhese

B0 sy PR scoi L6 sRnd 5 G B g el Prige

sopnelpky! and dibutyl amines in the final hydrogen
per oxi de sol utions. For exanple the comrerci al
hydr ogen peroxi de sol uti on HYPROX avail abl e from

R P S PYHEOBR0Y ShTYeHES Wit oo FOMAaY e 1 the above
de8EOed EordcBs VArE U 1£68 Ebﬁdiﬁﬁr:ld;‘gplﬁﬁbu‘ﬁfjs AR ﬁamides and

conponents In conmercially avai e aqueous hydrogen
upeaoxisde Hdmarn copra page &) e Rasdiculary pepledrddtarentetraalkyl
reactions as desiribed_}n t he ?bove pri.or

d

t o
Ugeetitdke statEabuys irsgedihe) Bsh @ cm?ﬁsn%vgn@éﬁéwa iy amine
. ! ' d . ial .

BHITTIRS PR Bl (50 RaRGRdSierb P CORREL L cibuty)

afli ady lihzehtes fima1r Rydrogeh peaoxiales soletdomns For @Ramfle the
hydrogen peroxi de. WO 00/76989 teaches contrary to
coneerdiat| ysaegen peraxddeselet jon BYPROK: ayailabie fisan Pegussa AG

R ato RS20 Rg by e EPRES Pafoe BoldP oh ! Lot or
h@ﬁp@éni BEFOX186. commerci al hydrogen peroxide are

detrinmental to the long termselectivity in a
continuous titaniumsilicalite catal yzed epoxidation

e e LR 5 bR Bl

aggi] ﬁ%ﬂ?g@@ﬁ% Trﬁfgﬁ%qsg?ﬁeﬂo%ﬁ‘é@ RG1Aoh® tHAE drRULSedV§he
epoxidation reactions as described in the above prior art documents is
discussed. Ionic components especially phosphates and nitrates are added
to commercially available aqueous hydrogen peroxide solutions as
stabilizers to reduce hazardous decomposition of hydrogen peroxide. WO
00/76989 teaches contrary to the disclosure in the above prior art
documents that the presence of ionic components in the reaction mixture
even those that have been added as stabilizers to commercial hydrogen
peroxide are detrimental to the long term selectivity in a continuous
titanium silicalite catalyzed epoxidation reaction and should therefore
be reduced to a minimum. Contrarily, to the above prior art documents
continuous reactions running up to 300 hours were conducted showing that
if ionic components are present in an amount of more than 100 ppm the

long term selectivity is reduced. To solve this problem it is suggested
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if ionic conponents are present in an anount of nore

than 100 ppmthe long termselectivity is reduced. To
waEeine290Bi s problemit is suggested WO 2004/ 02BOBRP2003/010559

PCT/ EP2003/ 010559 5 to renove ionic conmponents from

hydr ogen peroxi de solutions prior to use in

epoxi dation reactions by neans of ion exchangers.

tRoFepyer o eupereys Trofic Redrogamieafrisie shuEdaRoaRiY to use

B ERETPRELD FERfohely MGhe o VR e €, MRS Ve

Oy PEhsot ﬁeénhemwa@nannrohnm @mﬁjunas rafhacénin@ﬂ‘q?a whbiil d Be avoided
formed ol efin oxide. Although the teaching in WO

upder7 G9goC insHBst anees ¢iiace thess eaBpaunds mayniead &¢ indesired side

o vl PO obfnbdFreZ B bt 3He Progmed plgrin oxice.
Aseﬁél@hptﬁmégecmfﬁgrwﬂomw%@dy seadmmevwnimp@a%n%ﬂty1n Tong
achieved with the conplicated and both in terns of

tienw ess] aehtwamotqmpamso dibet sboyeoardni thid ymprodesentalhs estm
addition rocess te on exchange,, Last but not
eath PR /Bl ad‘f 1@@%%“52#% & BRACESS; N bhIIBRR  ng
1%?%@%@% rc,%W RSN PR é'é’ﬁg 3 PLdtelioth 1hh€erms of

plFocess nore azar ous and additio neasur es have
ibeestalenh dnd preotess ecosas etcpnoicahty uheéessimable aﬂdﬂneasl process
15 Contradicting the teachin% of WD 00/.76989, WO

step foion #xebangBeslashbut pek 1gaet Jemeyalqaf rﬁ}éPbUéﬁ”g ions

19?%;?9 E?é%%'ﬂﬁd ey |¥héjhg ég%ﬂnééﬁ§?¥ $o1¥t1on makes the

none process navin

p%@éﬁ@l moreschdzamous rdridr &dcd t i Mmsmémees dadle ogB&itaken to
inmpurities, is sugerlor with respect to 20 product

egsvReE SRR LY deninsathel eobing BPACESBuri fied hydrogen
peroxi de solutions conprising very |ow anounts of
sodium nitrate, and phosphate. The experinents,

copveMBEL iMEERe ARbYhTHRNEIGDETD/7698R fieVo1NoTIIR 8Psd188és that
t he Ion% termactivity and selectivity of the catal yst

the uwsst ofiesriudaiydroganopenaxade rsefl et nsedirest lagabtained from the
t her. a roach is hoaen i n_ WO 01/?2%42 whe ein_a
apgﬁ uaﬂq process having “large amounts o or examp e sodium,
nitrate, phosphate, and organic impurities, is superior with respect to
product selectivity compared to highly purified hydrogen peroxide
solutions comprising very low amounts of sodium, nitrate, and phosphate.
The experiments, however, were only conducted for a few hours so that
the long term activity and selectivity of the catalyst is not derivable

from that reference.

Again another approach 1is chosen in W0 01/92242, wherein a titanium
silicalite catalyzed process for epoxidation of olefins using crude
hydrogen peroxide solutions in presence of a compound having
aminocarbonyl functionality in which the nitrogen bears at least one
hydrgen atom is disclosed. The examples show a batch type process that
is conducted up to a conversion of hydrogen peroxide of 85%. After two

hours the reaction is terminated even if the conversion of 85% has not
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silicalite catal yzed process for epoxidation of
ol efins using crude hydrogen peroxide solutions in

w@r@smewa2 of a conpound having am nocarbonyl PCT/EP2003/010559

functionality in which the ni%rogen bears at | east one
30 hydrgen atomis disclosed. “The exanpl es show a

bat ch er process that is conducted up to a
b@@nvr@ag eh 61 though ddenexperangrdal odat85ﬁ)aOWAﬁm é.mpt*wement with

5463, KBS eCPEITB ok SRR 458l It amocarony

ﬁaﬁg’éﬁ%@ﬂ@/ 0d0hfgOno thydesgenr eumhbshdedl tdhangmitthegen atom Tong

experinmental data show an inprovenent with respect to
tene adaeityoand sedeetnphy of the cabdoshdy wi egntinuous process is

RO Kbom P otPBrea BRY e O ORED

selectivity of the catalyst in a continuous process is

5 not derivable fromthe informati on available in WO

DB1A Q9436 SBE- i SLIQSESH aswmtdmlmso‘stt@na’aumsnﬂiaa]@u@ catalyzed

titaniumsilicalite zed rocess for e ation

AP EL PPk Engrdrtion e fEriEs SurBunaRader, ferdade Whahey the

&W@éh% képﬁ<%ehstcawess>aﬂhcr@éséw ?@%&195 tre‘ﬁlgértdt‘ﬁpe and
enperature and 10 adjusting the the reaction

adum;umg tHenpH dfomgetreautumpmrmtmx In(d40060g heermsgxpet iment

C d be verifi that b dj usting the H t he )
R dodEs)' ' fouldebenver sl ke dealsiinpriboal dhe increase

ORI IR 00 058 HRETITT B B o

exporinent agitacit e adyjektmantt fButptbrV\@Ss&dl dad edlectingty were
15 Thus the object of the present invention is to
theosange 1arespaet ivaovether dbespt was addest@sorr deti on of

ol efins with hydrogen peroxide in presence of a

het er ogeneous catal yst pronoting the epoxidation
Thaa.ciHeObh jedied B itRe Aitres 8l QMRIHRADN 113 tO® M@ ol BdeadEdntYhiidls
and selectivity of the 20 catal yst conpared to the

proeess dbe dhiesenpxpdatoionaot oil ef ias hidheblydogeo peroxidiei iy
addi tion SS ste

Rieise BF 4 REFRoRhiRs LA tabies PEOIB e Ak e alfion reaction
whkk&imes %r@véﬁ%ﬁf'ﬂ#%nd”t@ﬁﬁ%@tf\ﬁ&yt% SOt R OBf the

catalyst compared to the above discussed prior art is achieved without

adding addition process steps in an economic way.

Subject Matter of the Invention:

This object has been attained by a continuos process for the epoxidation
of olefins with hydrogen peroxide in presence of a heterogeneous
catalyst promoting the epoxidation reaction, whereby the aqueous
reaction mixture comprises:

i) an olefin;

ii)  hydrogen peroxide;
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of olefins with hydrogen peroxide in presence of a
het er ogeneous catal yst pronoting the epoxidation

w0 e@en2wB2 wher eby the aqueous reaction m xt UPEI/EP2003/010559

conprises: i) an olefin; 30 ii) hydrogen peroxide; WO
2004/ 029032 PCT/ EP2003/ 0105597 7 iii) Iess than 100

W §n1of al kali metals, earth alkali netals, both

iiipi

edgesttihae Lewprst of ralkahi debal ooRMTX atkalh mejades both

t h k than 4.5,
conbi REETBS (hanearr Bhdots oB:nBlet BB WaBei ap cetions of
basesa96s FALiMNA B, BAIESs AYh M52 dKBoffindtiod tRA®bLf: and
4.5 or combinations thereof, whereby the wppm are

tyas editoheasttelGowapm \odi @&ﬂesocbr lgtirangedl peseindeingra pieof at

t t | ed, De ti f th
{ﬁsgﬂkgghq! fgrngMH@ %@Ent@ﬂﬁgf:gihgryodiscgvered

BRECYRE PR TEreAbh o bRSHE OENtueA bt 1A FIrEQem PREBK e in
In aqueou ydrogen peroxide sol utions into aCcount
ttheesmacs dbrutmivtgrecan be used in the process of the
present invention wthout further purification |ike
ion exchange, if a hydrogen peroxide 15 solution is

e S ting in less than 100
D%%éﬁfetg. Beschint 1t Bf e efibtont | 00 1 L s, both
irrespective whether in ionic or conplex forn1 bases

or cations of bases having a pkB of |less than 4.5, or
Ifohds REEM SHEPT 1 PE by dEb&%%’G"% tf‘ﬁ’é aveh é’fheﬂé%flg 0"1*1‘3 content of

d t
L AR AR P S Bavods DDA PoS Tk St LE Lo, B 58 ourt
tMeREN JdAGETbNg Ncdrn Be t ed! invehe gi‘ro@ésshbﬁ rr@eprdxehXxindent yon
the reaction m xture is not trimental for the |ong

méhmhtacfuwtheryptaﬁaicaiépechikei top exchange cafaa ywdr@@nl m@m de
L
FubBRorS arpOba e HHE RO Aot ing T87 o5 PoaibREY Sgom of

Akatrmetaed | efsnt BREA9T mdtased bath tifrBedpticl vevah&fleroin jonic
hydr ogen per oxi de

or complex form, bases or cations of bases having a pk; of less than 4.5,

or combinations thereof based on the total weight of hydrogen peroxide
in the reaction mixture. A content of anions irrespective of their
nature above 100 wppm based on the total weight of hydrogen peroxide in
the reaction mixture is not detrimental for the long term activity and
selectivity of the catalyst as long as the reaction mixture contains at
least 100 wppm of bases or cations of bases having a pk; of at least 4.5
or combinations thereof based on the total weight of hydrogen peroxide

in the reaction mixture.

Thus, contrary to the teaching of the prior art, neither the use of
crude hydrogen peroxide solutions obtained from the anthraquinone
process without carefully controlling the amount of alkali metals and
amines having a pks below 4.5, nor the use of purified hydrogen peroxide

solutions, where in addition to the metal cations also the stabilizing
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25 in the reaction mxture. Thus, contrary to the

teaching of the prior art, neither the use of crude
whyanoemese per oxi de sol uti ons obtai ned from t hePCT/EP2003/010559

ant hr aqui none process w thout carefully controlling

the anmount of alkali netals afd 30 am nes having a pkB

bel ow 4.5, nor the use of purified hydrogen peroxide

a3Pne ihgMe begRdieaoved.ader tSuskahle fave ahercanomis: PEoLessl &y

. i iezZ] : 2004/ 029032 PCT/ EP2003/ 010559 8
%iﬁ?g%&qﬁg¢gzhggﬂ enoved, are suitable for an economc
process for epoxidation of olefins. The process of
the present invention surprisingly results in a |ong

Ther process glfethd presenst 10ENE Han surprdsor@Ey pesudks die a long term
conversion of well_abqve 90% even after . .runni ng.the
BB a8 JROe) PR Lde AT GiEY HE' BBove o0t
YBRNRERT @IMATHYMEhE Procédy FEXRRNE| tHAnPRI00! hEASL OMhiSt FduTt has
i ke ion exchange. 10 Preferably the reaction m xture

beant dodiri evashpi thoet any expdnsase puoOUfiwphmnastenss1tke ion
coppounds that can dissociate to form anions in total
Ba5¥Weon t he wei ght of hydrogen peroxide. It is a
particul ar advantage of the present hydrogen peroxide
solution 15 that anions can be present in the usua
Peedbidbil zithe pevmtindrs miXtiewefurdthabi doamprisgsani ons are
preferably any kind of oxophosphorous anions |ike

Bt Raskalld, VPRABLRTS BhGSBRITES Sty b gaRsocTate to form

phosphab e {ANRRNIRREA G thd kS e nr 3 dr0&RE peroxide .
ons, npound tR 3

stabilizing ani or co at “can®di SsocCi at e

in the hydrogen peroxide solution to produce these
stabilizing anions, are preferably present in an .
I&mbsirt partigt] arpatvardege iphie @reﬁ@wtagwowo peraxigie solution

: e._pref 2 . pr rre
4884 1E8 SR Bre@echthe UL aRb TR hy BB These
seabPXizdRg aASorCape Giredertad1 § anyek fid 8¢ oXBPREHPRBRdusCanions 1ike
the present invention the anount
orthophosphate, hydrogen phosphate, dihydrogen phosphate, pyrophosphate,

nitrate.

These stabilizing anions, or compounds that can dissociate in the
hydrogen peroxide solution to produce these stabilizing anions, are
preferably present in an amount of at most 1000 wppm, preferably 100 -
1000 wppm, more preferred 200 - 800 wppm, most preferred 200 - 600 wppm,

based on the weight of hydrogen peroxide.

According to a preferred embodiment of the present invention the amount
of components of group iii) in total is Tess than 80 wppm, preferably
less than 70 wppm, more preferably less than 60 wppm and most preferably

Tess than 50 wppm based on the total weight of hydrogen peroxide.
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of conponents of group iii) in total is |less than 80
wppm preferably less than 70 wopm nore preferably
wo e@g/oedean 60 wppm and nost pr eferably | ess tPEIEBD03/010559
wppm based on the total weig of hydrogen peroxi de.
30 WD 2004/ 029032 PCT/EPZOOS/ 10559 9 It is

part|cularly advaq@ggeous i.f the reaction m xture
I&oh%)rﬂ%ébcu A pAYFES9een T g@hﬁp'ﬁﬁﬁ°§1%lml1’(%tea?@“p” Ses

l4i t 5§ I nat i
RgELTeSE feh %WF@"? ThEln R el sAUE R R
eart fcomﬁtrmftsom ¢h@red$eni totalcat rmypeciourvecmethev( ther atkali or
and 5 iiib) less than 50 wppm of am nes having a_pkB

of | edkatingnearts rﬂﬁtaﬂﬁearec@rf&segbowpa@qsﬂ@tqsna@m;ﬂex form; and

VRPERESSTeral B ki obrBLFEY AFpd REBRGF AR5 Gt 0 Br the
r eduG@ridpopdignpratonatdbmpihad sin Bddgakine earth 10

metal s or conbinations thereof in total, irrespective
whet hieretyethe kapn ase based! omdéhearer phimefahysdragen peroxide.
present in cationic or conplex formto be |ess than

40 wppm nore preferred | ess than 35 wopm in order to

ILLE 'ﬁ%feﬁﬂ&ﬁrﬁd"?eaﬁ’& ‘cﬁ’é‘%mb@ﬁt"r‘oﬁcﬂk‘éﬂhe%‘ﬁs alkaline earth
selectivity of the catalyst. 15 The effect of the

met @bk c ecant i BamlonamMEeoﬁ snelwetm rmm‘eeme@mmmwhdthdnathe alkali

t he effect of the alkali or al kaline earth net
OFhEHENIRG eafch ITeEa f SCF GATBSETly By GAIPT EOF SOPRIe GOm0 be

1290 UWHan {]Oy P‘Brﬁ‘,eﬁopé‘:ﬁg dzeek Qf thdns% Ptﬁm it érde'?‘ td%urther

aqueous gen pe solufionint to le

impeoved @havipny tmrmfartabﬁtyy land ssefl betni v30y wifpthe ot &l yst.
preferred I ess than 20 20 wopm and nost preferred

| ess than 10 wppm based on the weight of hydrogen

THETSRAE 1 chS SOUNE! B subh drand0 TSNS lorHERT b3k BInced thar

ent nvent i ence

thasesreet cathendkelfi bassgixahtnd egrth metgf Trﬁs%éféhe"e it is
l'ike 25 trinmethyl am ne (pKB= 4.26) or nethyl am ne

D@ﬁkBﬂl]gf‘BGPV‘ani”f‘détﬁq | theopmouriyeof @m@nQSehm/ing a pky of
actl ty | ectjvit f the cata

1BE8 it & Spadectalebld i Bhedelr pERede BB R a8 to tess
thbn | RARPprt- PréfdfBbly less than 30 wppm, more preferred less than 20
wppm, and most preferred less than 10 wppm, based on the weight of

hydrogen peroxide in the solution.

It is another surprising result of the present invention that the
presence of bases or cations of bases having a pk, of less 4.5 1like
trimethylamine (pKy= 4.26) or methylamine (pk,= 3.36) are detrimental for
the Tong term activity and selectivity of the catalyst whereas the
presence of bases or cations of bases having a pk, of at least 4.5 Tike
ammonia (pks= 4.76) are mandatory in order to achieve the desired result.
This fundamental difference in behavior of quite similar compounds was

not foreseeable in 1ight of the prior art.
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amoni a (pkB= 4.76) are mandatory in order to achieve
the desired result. This fundamental difference in

woedvawems2 of quite simlar conmpounds was 30 noOPCT/EP2003/010559

foreseeable in |ight of the piéor art. WD 2004/ 029032
PCT/ EP2003/ 010559 10 Especialfly detrinental to the

actiyiﬁ nd sel ectijvi of the epoxidation catalyst

Esge¢ifd ér%&éh'ﬂ%‘t@ tq IPE)%/ agki iy, a@ﬁélﬁ%ﬂ’}/’cy okcHKdary
. AN . 1 t i i ,

B8 P Y s e s 8E T oaines Spesia) 1y o

deab@dariysar@D@Orviapym stk yhmogtined is preferably from 150
to 2000 wopm nore preferably from 200 to 1500 wppm
nost preferably from 300 to 1200 wpopm based on the

' hy r,0XJ cQldj 0.a oy
R gfe T AERR PR SlioEon leeRoRF CediPabdud of oroup v in
toB¥ B Nitsl 8O0 APp® APARRNESD 96 [EHeFEPab1y) frone 15@t8C2®d wppm, more
fromorgani c am nes and am des having a pkB of at

preéetabdy sfropr Gihite ¥pP8rwnpyl ditsterrafavay &rompRBdftoal200 wppm
lLeast 4.5 anmoni a and hydroxyl.gm ne. Preferably no

bﬂﬁ? c?@apﬂ)éom?ﬂg%ﬂ?t}?ygﬁgﬁl%ﬁﬂrﬂ%ﬂaﬁs are added to the
reaction m xture. 15 The hydrogen peroxide is used in

the process according to the invention in the form of
Asnortjngots aspaniticohantiyt prefietnedr enfmdipentorf dehecpresent

of . 10,90 wt.% preferably 10 to 7 .% A solution

RUETGN e SOMIRELS T MBI Pt GRTerdeilsirom organic amines
rid r rabl | §id1gn} e :

B L AT O TR P00t RERBER s hoving o

peppf mtedleastt 4l Yy stammorFar andhaydroxgeansinef Rrie€erabdyemt

i nvention _an aqueous hydrogen peroxide solution can

BANQEAHOR AT UNGE 1658 hCABRPLEGS Argr ¥idedstq ghe tneaction mixture.

preparation of the hydrogen peroxi de solution

according to the anthraqui none | oop 25 process

Thenpydreger pefeXidByt agehahi the pfoceswodddondimpkatineninvention
conprising an organic solvent or mxture of organic
180t heehipBm Aidan maueeusrpe itien iwigh ahyaregsni prygyide content of 1

t%o§ﬂ"%%n9§’preferab1y 10 to 70 wt.%. A solution having 50 to 70 wt.%
hydrogen peroxide is particularly preferably resulting in even more

improved long term activity and selectivity of the employed catalyst.

For the process of the present invention an aqueous hydrogen peroxide
solution can be used that is obtained by a process for the preparation
of the hydrogen peroxide solution according to the anthraquinone loop
process comprising:

(a) hydrogenation of a working solution comprising an organic solvent
or mixture of organic solvents and one or more active
anthraquinone compounds,

(b) oxidation of the hydrogenated working solution to form hydrogen
peroxide,

(c) extraction of hydrogen peroxide with water,

(d) stabilizing of the extracted aqueous hydrogen peroxide solution,
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(b) oxidation of the hydrogenated working solution to

form hydrogen 30 peroxide, (c) extraction of hydrogen
wp@esoanwms2 Wit h water, (d) stabilizing of the er€T/EP1083010559

aqueous hydrogen perOX|de sol uti on, WO 2004/ 029032

PCT/ EP2003/ 010559 11 (e) optybnally concentrating the

aqueous hydrogen peroxi de solution to a concentration

(6 hypatbyanlypdaopgemteadingathe @ageom%wgmr@momd@aswtwn to

th d I t f
aryi AgcOrCer e PIT g HoR (T3ROS Rep  aik et S0 e tht
5 (ghatEORRCER wgfbh@tngf e ﬁyd@agérpaeﬁﬁxmbesdwﬂ%mg
solution, whereby during the entire process neither

(&) kaldryng af kidiei werksagt ¢ol ubtanah&teroextnachesn, hand ng a

G52, SEoba eI ed S SRTRE AR Kl Soafsng Bl "o
wheset! dur“mga{fmél%h%tr%f g\l(%elsglr)m%g?r WA Obr kG me earth

al kali netals, ear oth irrespective
mehalheor iaminesnihaving eopipl ek 1888 mhabalsésororcompmundssfmﬁnng such
bases having a pkB of less than 4.5, or i nati ons
at"ﬁ%%segf"“”gp?%? S aetSye A dj‘t@?uﬁ%rﬁ”o?m%% tareeylt in

ﬁﬁ alkaline earth netals or 15 conbi nati ons
t ereo?

in total, irrespective whether the alkali or
1ahkallbole~p©mrcbm moeé alfs atiad i petadst eanticalkeoni @etdls, both
conplex form or iiib) 50 wopm or nore of am nes

havi n§resnskB! 8t wh%fsh@r‘tHaﬁom%oaycqnﬁé@td‘prrés@@ﬁ@s 9§ cations of
Rauestees ol SIER Parattace e d-8n, SCREIRGHIAE shsreor

pPef@ag1pased on the wei ght of hydrogen perOX|de
Anot her advant age of the hydrogen ﬁerOX|de sol ution
itihat 58 awppmeonignode of aﬂhaémmei@éss alkel Preesenth mehadatoron

is that, it ca duced in

el Gt FamaERe SRR ot BFT SehnoREr B BESDeT the"SHkani or

wher abyaZheasihithi Atah s el ?r‘e‘%@ht Ot E4teiRRi&Id* B&Mplex form; or

necessary and are preferably not

iiib) 50 wppm or more of amines having a pks of Tess than 4.5 or the
corresponding protonated compounds in total;

in the resulting aqueous hydrogen peroxide solution, whereby the wppm

are based on the weight of hydrogen peroxide.

Another advantage of the hydrogen peroxide so1ut10n-that can be used in
the process the present invention is that it can be easily produced in
an economic way employing the well-known anthraquinone process, whereby
additional purification steps are not necessary and are preferably not
applied when preparing the hydrogen peroxide solution to be used in the
process of the present invention. The only requirement for the process
the hydrogen peroxide solution compared to the known modifications of
the anthraquinone process is that the process has to be carefully
controlled to avoid introduction of alkali metals, alkaline earth
metals, amines having a pk, of less than 4.5, or compounds that may form

during the anthraquinone process such amines during the preparation of
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appl i ed when preparing the hydrogen peroxi de sol ution
to be used in the process of the present invention.

wah@4ozdoy2 r equi rement for the process the hydrOOEP2003/010559

per oxi de sol uti on conpared to1 he known nodifications
of the anthraqui none processs that the process has
to be carefully 30 controlled to avoid introduction of

theKkaydroget aegox1§pk%9 UREOE APt ANOURES Ahat waHi M@s%tmng a

Cg’hg?f&f a ﬁoi% %tihﬁ/; éh {tspggégcqﬁgi &%E&Im y’co gﬁgpﬁasent

ihhentiloppar at i on of MD 2004/ 029032 PCT/EP2003/010559

12 the hydrogen peroxide solution in anpounts that

woul d result in concentrations above the Iinits
resent invention

fied h
AR Esg RN K57 A PR oD o R RBOUHERE A FheneopTcaYs this

r‘e@uﬂ%ﬁbﬁt’%rb%o‘hceﬁﬁbﬂbr SRS RAred &}?BFW YeBfetrelittd fse a
particularly preferred to use a working solution that

woskmgsentutabh ythatets essentgahiy fnee nﬁgmgaowpomnogan cempounds,

dr l.ution ip abo wi t hout

st e vy K1 soRytdan; T cBafky RYGR A5 Db hhHadnd akali or
e

A1 108, SRR HPBERS RHICATE i LA B REifénenbrocess of

ther iting adl aommony rempl ejzed( gor kﬂyytngeaammgovwagenemﬁev’ehe

aluntnuntoX|de Pr ef er abl s conduct ed by

WREK Hid é%&d%ﬂl%ﬁt% (Gbi}’ %Te é Bh@%%@ &l yinum’ oxide.

I h
AEFEEBLy, A T 33, haligted Y vBkey reﬁéé‘f‘%“‘gﬁﬁﬁﬁ e
fl ow reaction system mhereln the reaction m xture is
Tgassed througgaa fixed catalyst bed in_ down-flow

PeRnOCPEN Ofpthe ARESArtieiMeatiQOAS HRAEL 16U agly laguantageous if the

BRaHTG oo §TBfCI PR RRPA TR G oub; PobcREicTon systen,
WhEES B 8hé YegONBACHBEUFE B Hased BRQuiRACPed2Batalyst bed in

conprising cooling nmeans. A particularly preferred
dewbofdioweoperat ianhsoge @nérithei rrastiidroheatkfisr at tleast part1 ally

RpRrhan B B 680 0k erkeantotls § N rpEER PhEhe present
FVEMETH CANSHEAFDre Thra r8Rbh y PRRARECIed2FA 10 ixed bed reactor

comprising cooling means.

A particularly preferred embodiment of the present invention refers to a
process for the catalytic epoxidation of propene with hydrogen peroxide
in a continuous flow reaction system conducted in a multiphase reaction
mixture comprising a liquid aqueous hydrogen peroxide rich phase
containing methanol and an 1iquid organic propene rich phase, wherein
the reaction mixture is passed through a fixed catalyst bed in down-flow
operation mode and the reaction heat is at least partially removed

during the course of the reaction.

The present inventors have surprisingly discovered, contrary to the

general textbook knowledge as exemplified by A. Gianetto, "Multiphase
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25 m xture conprising a liquid aqueous hydrogen
peroxi de rich phase containing nethanol and an |iquid

wWo@e@aniw3pr opene rich phase, wherein the reacPCDRP2003/010559

m xture i s passed through a f'&?{ed catal yst bed in
down-fl ow operation node and*the reaction heat is at
| east partl ally renoved, duri n%ét he course of the

FesgtenonTyres . Tiargrerdat 1GsnorhiUses hal I GiRiassi Higmjcal
Iﬁéa%‘ﬁ r?ﬁeor? rﬁes‘:‘i‘{;r?( y :Sgaf%‘ﬁp A%&?%ﬁle{% %tbl?"fﬁﬁnp %orggrahon,

ge as
M2M02%8%€ﬂk@38863f&&%5@an1§é Seebofus] demated in a

Characteristics and Uses", in Miltiphase Cheni cal
dRuacT kos openas iRy toDnsrgase sem@tuﬁﬂeplbm@pjh@ndethereby overall

| Lshi. ' 6 .
ieBhoS RS, PR RA AL 3p oy B aPtsBy PP RS B ysFS in the
FHIBF adritONTHIG &MRICEAEE ePEMGHIPE s%@bﬁf‘sﬁhglémcénﬂ §56rBRY that
overall 5 product yield conpared to an up-fl

diseepaxidat wy pf @ledlsliy aidddhinexotderpid @ea@tnpn thaitsis
i s.kno t hat

e s FuEor b ToF TiaReER T TeSCH RN dins, @ copf ST APLY g
4236410R ’Eé?r@brét%redérfdf tﬁé’r‘e‘foﬁé’ h‘é§’”ttor Bt ®hBG& NS a certain

reaction has a considerably high activation
nigmper denperaturck theaakfieve ekasonticably ceasbnebksd cahversion. But

SELLE A R B AP P T e 1
?f&tt?q 193’ réffe@*AoRet e ﬁeécec%?tﬁﬂﬁe has 1h&ea*§@d temperatures

ectlve renoved fromthe reactor since

u'nwanmsemldet eaperiahsirtake plasentict ‘dledeeslﬂacthainprdmllce
pI ace with the result_that product selectivity is
sederelyd by, 1sTHCTERpREt The qffﬁ‘itt &d tavibed é‘te[ﬂl?%” atHEe daseease

HEnMLREN AN GabBL YS! dbed oy dhScRsEde SOFR. R%EEM73.

respec e examnpl es [

vﬁltﬁcﬁ@‘@@dt tthathd exampleentt apaliscloded eatr €aclodvéntional
erature rise in the catal yst bed exceeds 15C

e Faseactoss dﬁaﬂ@eraiurﬁeméﬁarmltbg qata brstabet @xaqesist hz°C
s 8C t t he

BEPEY PO Gibe 30 e Xgpdles' e A58y End g peeragure rise
tsgtﬁg(:f”fggtﬁ@;mgf’c An@5Hh 4Ks prer@eeat eibedinen® %4 Chi Thush8ccording
to the teaching of EP-A-659 473 temperature rise within the catalyst bed
has to be kept as low as possible in order to achieve high yields of
propylene oxide. This reduced temperature rise could only be achieved
according to EP-A-659 473 by conducting the reaction in a single
reaction zone to only a partial conversion with the result that the
majority of the reaction mixture has to be recycled, and by

intermediately cooling the reaction mixture.

According to the teaching of A. Gianetto et al. when operating a
conventional tubular fixed bed reactor poor heat dissipation and
nonuniform temperature within the catalyst bed has to be expected in
case of downflow operation mode. Thus it has to be expected that by

using a downflow operation mode in a conventional cooled fixed bed
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has to be kept as |ow as possible in order to achieve
hi gh yields of propylene oxide. This reduced

wo eovper@sure ri se could only be achi eved accopdi/RERODE010559

EP- A- 659 473 by conducti ng thg reaction in a single
reaction zone to onIy a parti ﬂ conversion with the
res%It t.h t t he tion m xture

It
SR Bresed s Bt et soRTiKes wyed@@prw Figture 2
H%fhc%én%rﬁw?‘e%?se ﬁ?@rﬂhdtﬁégcﬁw?a@% BeaGiY e rpa{o

Ganetto et al. when operating conventi o uIa
dussepbﬂm@d wauidtmncupothathshﬂu]dldnamatﬁda@hyzuedréﬁﬁe product
nunlforn1te eragure th|n the catal yst bed has to

eé&b@étye%r‘q hhuc 488 Y9£ o RHE | ARt B 5@.‘@.&5 fy@ectatrigs. as
w1168 dhBwPS nelﬁ@r%cfjg&ﬁ gty oYin YHb o'%a@%fje% ) eé(ﬁé’r‘ Pragyct

operat on node In a conventl ona

2004t DAYYP3X RAT /ﬁﬁém&@ﬁﬁ%%on%ér‘éd%@@tw fYod BPEtation mode is
internedi ate external coolin the reaction m xture
%@m RY&th ané @i karupe erveaeb%t@mqvem@ dé@kisy@f!seldedn dwdrogen

t hat sh
99RO Bireq e SEBRAP R LSRR MRS ShEPHAigss 41 e
dbheiyibaledal tﬂﬂlbhgh? qnem@mmau hicacesPegtedn Afthods ﬁ1t\é’rr'néd1 ate
be shown in nore detail below in the.exanples, bet

ittt cogkingcwas/usgd.at t he sane conversion conpar ed
to up-flow operation node is achieved and simlar or
even better overall. yields based on hydrogen

PEERXinig t fenr t.S ¢l
B T o e e A T v VR TR e e

qagatydr bey sindnecogltihpmeansitcen rhediuseéde Adabaxiemreattion

[ o { t f th t
RS e 4956826 P Bk an LA o 28 7t Shiud b
&C/gﬁgéc{“?gﬁ%@ggb@gzé 1HF9%B_11§9-&:§§6‘L&;3 aﬁ@ﬁbgszage Jpgctors are

1@8d. Mostl prelferdd yavtmbdiawk reactoes alidwing talbodlahg jacket are
ti-tubular or multi-plate reactors are used. Mst

%Pi?%jr ahN&E th%@rarst@@%td&e/sawa\wlﬂ@ at 76dativgly aoweeost. As
d bl

P BEU SIS AR R AR R gty e

dobimgghatm ceonl Isﬂ&déﬁ@%‘odﬂigefn@dfhbhit’ké B&1s, alcohols, 1iquid

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

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 preferred embodiment of
the present invention the temperature profile within the reactor is
maintained such that the cooling medium temperature of the cooling means
of the tubular reactor is at least 40°C and the maximum temperature
within the catalyst bed is 60°C at the most, preferably 55°C. By
preference the temperature of the cooling medium is controlled by a

thermostat.
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cooling jacket, all standard cooling nedia |like oils,
al cohols, liquid 20 salts or water can be used. Water

wo 20am2403pr ef erred. The process accordi ng to tPRET/EP2003/010559

i nvention for the epoxidation1 f olefins, preferably
propene, is typically carried™out at a tenperature of
00 ta 80C, Ereferab%¥1at 40 to. 60C Accordln to . a

em@w"@a TEPRERAtHER ISR D Ehe 1rata] vde Red 1§V BRASHERd tHED a
Eigﬁ?f b & F?{Eé’cﬁ'e' eengwﬂéﬁutrhbeasu#aﬁan@rméa%sffft&ﬁgiﬁérmséoup1es

e cool I mtenperature o

aroal Ring00resrmangenf apprextimdiel araloeqcther axis af theasteféPsbly
and_the maxi numtenperature wthin the catal yst bed

hu§ub@cra@cftqﬁe1mréslﬂtat}ke%ﬁtaaw whid) regpechr &9 €aehihene

BT o oR 1160855 "o 4 6pkES Sefulen the

t’éhnsemrm&@m@hatmems wrehadyjusted eatmdagefe RBE temperature of
measured with a plurality of suitable tenperature

theasiiradrehtbegreuiidinitie emMdraveoaioreds ovack & necmsary.
arranged approxi mately along the axis of the
preferably tubular reactor in suitable distances with

TheSRSGhuh ehpeihtara T tie VHEA18RY BHTBSK ’bepé’éjuktéﬁ‘ by different
wthin the reactor and di stances between t

meanpe Dapend ngeets he rrehectredargacioe ’ratnp ulsheenjaxmunetmpeleatur‘e of
he t t th t al yst t th

BoE o Vsl DedoAn be HACEedal EOMHEP IR il T SRR, oF dhe

rehct ﬁfﬁﬁﬂr¥sﬁas§$ﬁb‘%ﬁde§ﬁ fl V§$é¥$ﬂ3 3ﬂhgﬁf?b¢ﬂin§ %ﬁ% flow

means. Depending on the Sel ected react

rad e i ofuirhé exgoéireg meeiumf pagdshieg dmralhg*stthé)eld)od:mg fheans or by
adjusted by controlling the flowrate of the reaction
Wﬁﬂﬂge“ﬂ)%@tﬁb’sﬁh?%ﬁhtbt hé&ot dagtance by di biiingl thengatalyst

WifR meg?gv ndtdhe;0f the cooling nedi um passing through
the cooling nmeans or by |owering the catalyst

activity, for instance by diluting the catalyst 15
with inert material. The flow rate of the coolin

Thedf om rateoétidieappsl a@;mest e 1tsoprkaé°|épamb/eadit§ﬁp@gt9t keap the
b SEBF 13 PR e LB s RO F il B e
co61 P abaly @h€rexbt Yoelow 5°C, preferably below 3°C, most preferably
2°C.

By selecting such a narrowly defined temperature profile within the
reactor an optimized balance between hydrogen peroxide conversion and

olefin oxide selectivity can be achieved.

The pressure within the reactor is usually maintained at 5 to 50 bar
preferably 15 to 30 bar.

According to a 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

velocity is defined as the ratio of volume flow rate/cross section of
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20 2C. By selecting such a narrowy defined
tenperature profile within the reactor an optim zed

whadoanz®3bet ween hydrogen peroxi de conversi on BCTEP2003/010559

ol efin oxide selectivity can ge achi eved. 25 The

pressure within the reactor is  usually naintained at 5

to 50 bar preferably 15 to 30 bar. According t

tﬂsreerf&aﬂ st dRfodionsequenhby tha SUPBR iRl LMQéOF'StYpﬁé@@Q wyied in

J S eh g Cal AX R PP lac e

preferred 5to 30 mMh. The superf|C|aI velocity is

defined as the ratio of volune flow rate/cross section
Asid i tipnadtw /g 200 preferTRE R0 p3y0 Lthg Feact o nixtesne athysugh the
u ntI t he, superficial welocit n.be
R 1d PaF Wi, G L BRBY el B RG (HeS 6 2ot 20 17,
ferémpiyenct tonampxture.  Additionally it is preferred
to pass the reaction mxture through the 5 catal yst

bed with a liquid hourly space velocrty (LHSV) from1

rEaderatie 615y et B ngireat Ciol mture do s b bed £ fulfill
thl £Bo|vle déﬁ?ﬁe&‘%\dﬁr r‘eﬁrfehf‘se%r“ es‘ﬂrgbr"ﬁlggﬁ’f Sve‘el 8&1‘%/ and 1iquid

superficlral velocity and I'1qui our |

hoatbcispgcparl ocitlyapdntibilginl gdiight sedetiiviap dam be achieved.
achi eved. According to particularly preferred

enbodi nent of the present invention the process is

%gg%@?:ﬁebgrﬁgéﬁbﬁ gre‘@r?@& Ay mgﬁgldsfntﬁe ﬁ)?é&iﬂg% nvention

nsurprisrngly d

the priveets iicktenduededttat waihbairs theidatal yyedbemdara trickle bed
certain flow conditions the effect of the gresent

statenditofps been tsHEPT i Rlys disoverrthshalkiifetheetetakileihed state
R R U P Mo EBHCEIRRE 1onh R PR O TR et
invention i.e. the increased propene oxide selectivity will be

particularly pronounced.

These conditions are as follows:

G/A < 2000 m/h and

Ly < 50 m/h,

wherein

G is the gaseous superficial velocity defined as the gaseous flow rate
in m3/h 1in the continuous flow reactor divided by the cross-section of
the catalyst bed in m2, .

L is the Tiquid superficial velocity defined as the liquid flow rate in
m3/h in the continuous flow reactor divided by the cross-section of the

catalyst bed in m?,
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wherein G is the gaseous superficial velocity defined
as the gaseous flowrate in nB/h in the continuous

woé bawoewart or di vi ded by the cross-section of PCHEPI®3/010559

catalyst bed in n2, L is the Jjquid superficial
velocity defined as the liquid flowrate in nB/h in
the continuous flow reactor divided by the
cross-section of the catalyst bed in n2, 30 WO
2004/ 029032 PCT/ EP2003/ 010559 17 . 1/2 Pc PL Pw PAir
and_ 5 )2]1/'31,2 11J = 6WL Pw 6L VLWPL PG is the
den u% o@L e gaseous phase in g/cnB, PL is the

p af tihe liquid phase in g/cn8, 10 Pwis the
denlsi't! Wr ter.iandg/cnB, PAir is the density of air
in g/cnB, 6Wis the surface tension of water in
dyn/cm 6L is thg arface tension of the |iquid phase

ind nd HL he viscosity of the liquid phase in
céht| is the viscosity of water in
centlpb . er to be able to operate the process

contlnuously mhen changin and/ or .regenerating the

P@poxﬂéaweoﬁeﬁsaﬁtdl S’/fstthetgﬁégws RB3SE FPF(CMeact ors may

i oS BB o0yl SR ol ARREOR Wfget 1 e

ptwl taqlsumecggﬁsa,ltgl @gwggé),l |1he§/cﬁspe0| ally those of the
Pnr 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,

Uy is the viscosity of the liquid phase in centipoise,

Uy is the viscosity of water in centipoise.

In order to be able to operate the process continuously when changing
and/or regenerating the epoxidation catalyst, two or more flow reactors
may if desired also be operated in parallel or in series 1in the before-

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
or MEL crystalline structure, known as titanium silicalite-1 and
titanium silicalite-2, are suitable as catalysts for the epoxidation
process according to the invention. 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
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
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conmposition (Ti02)x(Si02)1-x where x is fromO0.001 to
0.05 and having a MFI or MEL crystalline structure,

wapam@s2titaniumsilicalite-1 and 25 titani uURCT/EP2003/010559

silicalite-2, are suitable as_catalysts for the
epoxi dation process accordinB3to the invention. Such
catal ysts may be produced for exanple according to

ampéoyado Eers $he eapoxil datd onn Exsridates #gtBoa digmetert o dntarh mm
silicalite catalyst..my be enmployed as a shaped

&t %’Iﬁ‘%%fatﬁé( 't‘f]%d %gofr%egfbeé’r ﬁ?rﬁ)ﬂwgtsext rudat es or

shaped bodies. For the form ng process 30 the catal yst

may contain 1 to 99% of a binder or carrier naterial,

Wieh prsichtizing thed presaniteinvent ®om at sisbprefgrsed tthbt ehehaterall
go not regct wth hydrogen peroxide or wi,th the )

&68xT A8t FNG KEATTEH O T8 aﬂtqo&HQUWQmﬂfﬁo_@%’ﬁde
s%q:ﬂ_f%Dnz,OQr?’/oQéf)ﬁ{s%nd]a% SFRINSY %ioé’rfot.g{ﬂﬁn?ﬂr%ﬁg?ﬂek%%'(Qflhponents may

Extrudates w a di aneter of

her effeodbted detal the rfaaceor lasdindapeidest steedbeor one or more of
practicing the present invention it is preferred that
Ree JpernIare BixedeRr 19 BNt PURR NedRtbthe diggFtWes an
aqueous hydrogen peroxide solution, an olefin and an
organi ¢ solvent. Thereby these conponents may be

Usfihg ashecertbce s actbrdingatd @he aihvemgdiopeatie ol efiggdsarobe
one or nore of these_feeds are m xed prior to
apaxidideet iroRarticy1ame1eEdst with 20taudi eryboReatomseedbe process

REELT R0, e Db 4 HRsERonEI kP, SPitableropoiine
pbRFatidNDfPPESHRAE tApPETefbNEkide. tHoe édbneRid PRasshsM®stwould

particularly suitable for the epoxidation of propene

heopprfepeed foriate ingustraglosoale precessnto iuse vinopene ipet in a
referred for an industri.al scalg process,tq use

S i itk o ot 4eSBTIER) dirbR Buth BEOGTRathh 83l rute

dBn¥41Hse1 Wd 5 FAPRNST hRHand@S FropéteEmag ol fed asla i9qdhd as

vol . % of propane. Propene may be fed as a liquid as

weetl | asagnigasgaisedasm fiotm thet peadigom sgstémon system The

reaction is preferably carried out in the presence of
a solvent in 20 order to increase the solubility of

i DR L T ST
order to increase the solubility of the olefin, preferably propene, in
the 1iquid phase. Suitable as solvent are all solvents that are not
oxidised or are oxidised only to a slight 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
miscible with water. Suitable solvents include alcohols such as
methanol, ethanol or tert.-butanol; glycols such as for example ethylene
glycol, 1,2-propanediol or 1,3-propanediol; cyclic ethers such as for
examplie tetrahydrofuran, dioxane or propylene oxide; glycol ethers such
as for example ethylene glycol monomethyl ether, ethylene glycol
monoethyl ether, ethylene glycol monobutyl ether or propylene glycol
monomethyl ether, and ketones such as for example acetone or 2-butanone.

Methanol is particularly preferably used as solvent.
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oxi dised or are oxidised only to a slight extent by
hydr ogen peroxi de under the chosen reaction

w@oeondiozdoeans, and that di ssolve in an anpunt of PCTYBPZH03/010559

than 10 wt.% in water. Preferred are solvents that are
conpletely 25 mscible with wil er. Suitable sol vents
i ncl ude al cohols such as nethanol, ethanol or

Eh@r plefint Enerefegahbyieap kel Hs exersserakasiive ettthh% grdrogen

BHER 10 gFoBE SREPEMes fisadn i PaRD BRATLIor HF hraoen

[Sérroﬁfdéoytl@ﬁhopa@ ¢etidbycolefed hprererdphy p@ﬁpérféf @dfﬁgﬁhﬁgen
et hyl ene gl ycol nononet hyl et her, et hyl ene ¢

pevavEtehpreferakty, bemg/k:b@@ngma‘dae mﬁ@btnow lelt Ri@r300r The

s%é"é’%t'regi%r%ﬁ@a"oage%%ﬁ@”ﬁrﬁ Srehbriniad ShAThaor0 Bt to

I bhdtidk 364 % W@@ﬁgﬁ%ﬁd@%’hﬁtﬁoﬁ%\éém ThW%mount of catalyst
2004/ 029032  PCT/EP2003/ 010559 19 The olefin is

qmpédyadabay benpdrapddvithiexddesl imet atandei s preferabyyobgsen so
eroxide in order .to achie ni fj cant_ consupptjon
{3RE 0 v i PRSI COT B ST T ok Bt DU o prererabfy more
tg{ﬁfg/ab Y dehPRRAGW th$n hi}’%?ﬁ’lﬂfé“ @ﬁ@&‘r‘sdﬁn%reftﬁé bYoyed
el ng ¢chosen I n the range rom
reatveomt cosdipie@fserably added in a weight ratio of 0.5

to 20 relative to the anount of hydrogen peroxide
sol ution used. The anmount of catalyst enployed may be

Q’cﬁ&&%g"“cé t3)'nQ é’l‘ﬂb‘aﬁmllén'ﬂ1 515 tﬂ@dresﬁntp rﬁ(/@rit%hyre%?ﬁ 5@@1%10%

1ﬁk@fﬁ§frr@bi“artuﬁ@f Gpretstlﬂfe 9§é?/bectfonachlcﬁ\éeﬂ1 \anti e eétmnnuf &olvent
to 5 hours under the enployed 10 reaction conditions.

amelcer lditige BowHs efiibai mﬁpn@ftSt oie thesraactign aixiue are

GBPELeRos e siner Prossnt S BIRFBR Shfe BRI 6Cpppse whererr
el aldMA ATEYEeT ved. tt\heacfoammngése@ﬁs tm@fne@@htmmg phase
m xture are 15 chosen to ensure the presence of only

mayea pubeuwebenfui d phase wherein the olefin is
di ssol ved. An additional gaseous ol efin containing
phase may also be present. But it is preferred to

RANFUGE SRSFePRAYLE AldnBicOtn®! pbk datibh Y THAA8With hydrogen
peroxide in a multiphase reaction mixture comprising an liquid 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. Thereby an even better product selectivity

can be achieved.

As is appreciable by any person skilled in the art the presence of two
immiscible liquid phases in a reaction system comprising an olefin, an
water miscible organic solvent and an aqueous hydrogen peroxide solution
will depend on many different factors. First of all the presence of an
additional olefin rich Tiquid organic phase will depend on the
temperature and pressure applied in the reactor and the selected olefin.

Preferably the applied pressure is at or above the vapor pressure of
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20 peroxide in a multiphase reaction m xture
conprising an liquid aqueous hydrogen peroxide rich
W@ bagme2went ai ni ng an or gani c sol vent havi ng a PCT/EP2003/010559
solubility in water of at E 10 % by wei ght at 25C
and an liquid organic olefln i ch phase. Thereby an
even better ﬁroduct selectivity_ can be achieved. 25

the pleTipprledhamihesery tamgergbureon Fanshereere; mt widl Lfepepteon the

PAERTEROE ok ShoahTTsBEialy ot dHhy RO Eon|ZBvent are 1

St el engr dasd v§0in\/§ﬁ1tam@[1ﬁit JF ASHecOhEn NP ditogein water at
peroxi de solution wll depend on many different

286t oPsefanredtansf salvienthdhpt elismekveofin aam @wuaddet imonaithan 30

f h ' d h d o
e L b A A GBS Sh R B z5vc. e
mog€ &%Jf@ﬁrte%dsﬂ\%t@ arePécﬂfp%@quym{s!&%wmtw%l@éﬁsqw@m nciple
is at or above the vapor pressure of WD 2004/ 029032

aid:T$cEP?20t)sa/a®1@>wgh12@dtatmve|@a‘n a1ssa be he:edhmséhw preferred

tErr@era%ure.I Furthernore it wl Ee d on %

eRf f%of Oth&So ﬁ?’&d@&?r\‘ﬁeﬁf ¢ "@ %l@l”é“'“a?s B¢ prAsence of
I | solvents that dissolve in an anount

1%@ ﬁntﬁdqﬁaﬁéﬁo Ww.%in water at 25C. Preferred are

sol vents that dissolve in an anount of nore than 30 5

Aagu@bin Vﬂ&ﬁé at 25C preferably nore than 50 wt.%in
ikiongi 1y PfsEenGep8t 4)58¢ eegande\Jef & grigh phase will

oggﬁﬁ;de bejcﬁ’e L $4¢ {Eeﬂ WAL WRtSletih D g«ﬁﬁérn%h8|&1 v@M The amount

s as exenp ed above can al'so be used

afr eberenedis ehbsedi terichdsve onff igseritheobulridiity @lﬁsuw 61ef1n in
met to ensure the presence of two |iquid phases.

thadixdregen |p9r@>ﬁéieprr1éé\ewou$ Piase dignardargbniget other ﬂﬁ51 red

a f
BEERIERGh e R kbSO I SPET T EHT apd sotvent
thBOSERLE (e %ﬁlburﬁi\éeoﬁ ufnbré‘m@ﬁts sahuld hijustedl tohensiref Férmation
in the hydrogen peroxide rich aqueous phase in order
af oa geconthel idesd ogdantis Phﬂse of. er. eb eneure abe fognateion of a

secgﬁéﬂﬁqaﬁqéaorgéﬂH%Sol&%?h r1c 6H%séf¥%e38%aﬂ%t of olefin has to be

selected in excess of the amount soluble in the aqueous phase at the

chosen temperature and pressure.

A simple means of experimentally confirming the presence of a second
1iquid organic phase at the reaction conditions is by collecting a
sample of the reaction mixture in a container equipped with a sight
glass at the temperature and pressure used in the process.
Alternatively, the reactor may be equipped with a sight glass at a
suitable 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 liquid phases are present through out the

entire residence time within the reactor.
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the relative amounts of ingredients can be adjusted to
ensure formation of a second |liquid organic phase.

wo 2@4/0e@3Ensure the formation of a second | i geeTEP2003/010559
organic olefin rich phase the_anmount of olefin has to
be selected in excess of the2amunt soluble in the

aqueous phase at the 20 chosen tenperature and
Thtie sk pessom ski gde Thnd AR sards cark pathowdngny ef fednverifivnghether

[ 8SE . | Qqui rganj has t. the.
R RIS Safe B SRR s Y oo P oo STa B Enfirepifron
Pafandte®’ AOnbUTRIUNA phaSO Yyt aserBEuRR&S by tHe Br&denbt
25 glass at the tenperature and pressure used In the
imvenieion, is Aresentagnd eay, adjbost myavarniat ety offetheqpammmetiers as

ith a sight gla t suitable position, to obsery

{Tseusedeebtsu fudRTath the riegetiin SyteRe™n PEdRY FBrEStRR Tsh a
$eR8fd fi g £ @PEAMOpMsk! ow reactor the sight glass is
preferably poSitioned near the outlet of the reactor
effluent to have an 30 optimal control that two liquid
phases are present through out the entire residence
AR Tior i o TR Phafaroed EepdhF (foBa present 1ention the

R20 a idd Nt [
e honiec k2 I Provise, ToRCREMRIDY! {5 Bied B JRgRient. For
examplae fosed eedctona fiotucd ebnprsisisglpropére, anstharalct aadt aqueous

paranmeters a two-1iquid phase systemas required b
"WYRBOgSNe BRIAX 146 rAfeAtTeaRt 1A ﬁer@seéﬁw%ae%eﬁngﬂr@s@ndp 0°C, a
PhErufe P hdB0nREThe Tt g udbRie B B B, Prow n

c366 0ot al EGNtH AuISIRTIWC s pétREmecar\Be Oddijubtied @ocbe™@Atthe range of
referred enbodi mrent of the present invention the

Y . . . .

Oolleta A .i Breferatived. 2 dobk i9r ensieneto HhBatredhsarondi kiqusedrganic
a solvent. For 10 exanple for a reaction mxture

p%%ﬂﬁrising propene, nethanol, and aqueous hydrogen

peroxi de at a reaction tenperature between 30C and

80C, a pressure from5 to 50 bar the ratio of propene

Al agdittoonalt ghs fohase icomprissd ag afl efiw ovapdmw@odsoptiiomally an inert

systemcan b djusted to be int ange of, (0.1 to
G2 kot B4 15 S8 NGt [ITLBREREE Y OB CROR dabadhgan be
ddSti Fha®T P¥Rbent according to the present invention. Adding an inert
gas is useful to maintain a constant pressure inside the reactor and to
remove oxygen gas formed by the decomposition of a small part of the

hydrogen peroxide charged to the reactor.

The present invention will be explained in more detail referring to the

following examples:

Examples:

Example 1:
Preparation of an aqueous hydrogen peroxide solution to be used in the

process of the present invention
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15 phase. An additional gas phase conprising olefin
vapor and optionally an inert gas i.e. a gas that

walomg/ozB2 i nterfere with the epoxi dati on can bBCT/EP2003/010559

additionally present according,to the present

i nvention. Adding an inert 20%gas is useful to

mai nt.ai n x sfant pressgre i nsi de the reactor and to
Ry

r enovié 6deé 0T TR nEe BOOR REORSSoARRITAT NG A 0okhes
s B, OB 8, DR Ayl

owmpei deyaile stépy hidrogenattibr, ox3ditdlohovéxtgactianpldging, and
Exanpl es: Exanple 1: 30 Preparation of an aqueous
NRGERIGEROM & UQ'“"de?gsﬁéﬂwHthCP'@rﬂée@@edeiH ek | Brefdwds

%&9}%@28@%0%%%8‘8?22 | hﬁf&%”&%’i%@ﬁ%‘ﬁ@”? odpl3 mol/1

21 961G 1 a&mr«@qmoh@ bR 0. 22 tndN AT W -RebIRx O pg- f or
the preparation of drqggn peroxi de conprising the

hydepanthyagusgeraitinos, Sobye m1>ctrureecarnpaa:s1unan25 oY% rof, Co/Cyg

00 ASSETES SRR 5 TSR 28l Ok
phespiartBY ¥§ eaBY hrIﬂQ’eHle”ﬁ og@néltgloﬁoi g’g az1b§|5’h%)é¥for‘ was run at

ant hr aqui none, and 2-isohexyl tetra-
ahhydregan pregairan oﬁeO |35 MaPas alnd/ @ntempexature ob rﬁ&r"c siPad1adsum

% / al k d d
3ckeop ot 1 165 iy 7S RRIHAGEN il bpialasT < 16 diydPpgen
teP@x{&édéélﬁ%%htoﬁnsﬁk%phycﬁ‘o &%‘%16@%‘5013 ‘Oaﬁ/f un at 10 a

hydrogen pressure of a and a tenpefature of
58C. Pal | adi um bl ack (O 5:1 g/1) was used as

ch RFE RS e chinb LS sREog Shp n
s%@&tﬁ%d'ié’gr%ﬁé‘ﬁér%@ed s ageivet H?unn gﬁn agana! & erﬂeéf@ar#éwg the

utton-rs regener Ve a
conbiied Whreriagfsodutidmes dS(Od‘bZelaledsmf theﬂ@lap@t@t d)x)ﬂjatﬁion as

dgéclzrg1lbégd1 nusél.n ootrheJ L% gr”eger(‘)g;( | glatja%gb? > "Hydrogen Peroxide"
UlTmann's Encyclopedia of Industrial Chemistry, Electronic Release, 6
ed. Wiley-VCH, Weinheim June 2000, page 14. Thereafter, the hydrogen
peroxide is extracted using deionized water. To the extraction water, 50
ppm H,P0, and 20 ppm HNO, were added, both based on the weight of
hydrogen peroxide. The concentration of the extracted aqueous hydrogen
peroxide solution was 41%. The working solution was dried by water
evaporation in vacuum, and thereafter recycled to the hydrogenation
step. The crude hydrogen peroxide solution was stabilized using 200 ppm
sodium pyrophosphate based on the weight of hydrogen peroxide and
concentrated in vacuum by water evaporation.

The hydrogen peroxide concentration of the solution obtained in
this way was 43 wt-%, based on the total weight of the solution, and
contained 250 mg/kg H0, phosphates, 20 mg/kg nitrate, and 30 mg/kg of

sodium.
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described in G Goor, J. denneberg, S. Jacobi
"Hydr ogen Peroxide" Ul mann's Encycl opedi a of
wo nadseaoBal Cheni stry, Electronic Rel ease, 6 tPCT/H2003/010559
W ey- VCH, Wi nhei m June 2000,,page 14. Thereafter,
the hydrogen 20 peroxide is eg%racted usi ng dei oni zed
. 1o t he -xtraqglo , ppm H3PO4 and 20

1Y BING 2ue i S d t he wei ght of
hydrogen perOX|de The concentratlon of the extracted
aqueous hydrogen peroxide solution was 41% The
M kamigmsel lutabm cabs] ydtived byplosedrin eViapramiliesn The titanium-
vacuum and thereafter recgcled to the hydrogenation

816t POWIE WAL $BARRAIT BlfeR e eEkTUsiates|usting @ wakica sol as

SHOR e AR A0 RO RS R OB TREE soution

dc@ov@RgUtd examplieel wasaphplaled aftdheolyeiteaeThgdBY axitee
concentration of the solution obtained in this way

aNaBorEs Gk -ty 6Baded. on the total wei ght of the
solution, and 30 contained 250 ngy/ kg H202 phosphat es,
20 ng/ kg nitrate, and 30 ng/kg of sodium WO

BRAIAI8032 E’é}TrhEEfZ&RBé&ithﬁ@&s@%rﬁéaﬁéﬁcﬁohﬁb@w 300 ml

nparative Exanples 1-8 A titaniumsilicate catalyst
wedsmenpl diasetemn ofl 10 ewaansl eslengble afi 4ami ihe egulipmeateis

P ok FrolHEFend B Bofey AR AP D 165 HgUA0S A Tepepant pumps
ahd6a Glzaui{d gbgrehﬁ% VROL&LT PR tRFE rc@hf‘& nePs SR daids

was enpl oyed after concentrating by water ~evapor { Fon
dompBikedt mébhakpbx itHetG0énH [)23 andrpropeheauThe ephchivaudnperature is

a re ﬁ%lon tube of 300 10 volune, a dianeter of 10

d W@n@? HAYEoUp ﬁPO}I"HE B@H%rﬁéﬁ?ﬂ@mg UMt AcioRbirg Jjacket
vﬁl@% d&f(ﬂ &g ‘Ein‘c@ﬁrp@f5ﬁxrfe°{ s lc'oﬁf‘rlo‘i’ﬁeé”lﬁ/ BGJh%Yﬂ&sttat

punp separati ng vesse

Tthenrt@cmen‘ preesurlel @as @5 barospsdises. MasHatol, oft hﬁe Gedding pumps
H202 and@gropene The reaction tenperature is

w@sniqiysted toi eeant aHUéoM@P@@ﬁ)ICpﬁ@eﬂthQO ef r 381 wtt- %nga

m'[egn%] gf%%dqgi)é&%ﬁ t}%’ﬁ c@hﬁg?%‘c ﬁgg 5@9 #ee% concentration

of 8 wt-%. Furthermore the feed contained additional components either
resulting from the crude H;0, (250 mg/(kg H,0,) phosphate, 20 mg/(kg H,0,)
nitrate, 30 mg/(kg H,0,) sodium) or were added to the methanol as
indicated 1in table 1.

When performing the examples and comparative examples the flow mode was
downflow and the cooling jacket temperature was adjusted to 35°C and the
total mass flow was 0.35 kg/h. The product stream was analyzed by gas
chromatography and the H,0, conversion was determined by titration. H,0,
selectivity was calculated as the ratio of the amount of propene oxide
relative to the total amount of propene oxide and other side-products
resulting from H,0,. The measurements were performed after the running

time indicated in table 1.



The reactor pressure was 25 bar absolute. Mass flow of
the feeding punps was adjusted to result in a propene
wa@oraaedosat i on of 38 w-% a nethanol feed  PCT/EP2003/010559

concentration of 48,7 vvt-%anéj an H202 feed
concentration of 8 w-% Furfhernore the feed
cont ai ned addi ti onal conponents either 20 resulting
:he crude H202 (250 ny/ (kg H202) phosphate, 20
ng/ (kg H202) nitrate, 30 ng/ (kg H202) sodiun) or were
added to the nethanol as indicated in table 1. Wen

PRG T OF M NOyriolAt Sfanpl esm@nﬁt Qﬁrmarrahmm gxanpgs the fio,
fl ow modg, ﬁent%5oF‘°V“n t|he G ' 'ng Rfé? &L | selectiv-
t en‘pel eHS t ot mas$ X

Clan
flow [qu ?E ﬁg@ﬁd The pr strg vvas aaégyzej by11:y
gas 3 y ahd tH H202 conver silon [%]

deternned by titrati H"g/FE 0:15el ectivitly was

c&lcul ated as-the ratj o Nif ZIOIQe gmoufd2 of |prop¥he oxi de 90

elati ve tot ha t ot Al aneHRE nr opene rV| rln :\nrl

otr-ﬁer ST qa- proauz:rsuB R&glﬁolol ng Tfromred2. e 90

EMENTS WEere per r—t T OTm T e
| cat ed in table 1. V\Bﬁg884/ 04903r2wPCT/ EPZ?)9 3/ 010559 89

245 Tabl e 1: No. Anoupt Ngf 180®unt dfllg4unni ng ¢&202 H202 91

conponents of conponents tine Convers- Selectiv-_group
i iEP) added of " group [ h] NHoA00q y [ng%ﬁ@ I—LOZ] 94) [y-1 90
o4 HRO2}—E2-[—NH3—200732 E3—1i 251 NHB
L o 92000, or = nee 100 47 jos 48 Bb L NG 10b0 90

TaEA 0 E6 - NH3 [T000 @356 94 9pg CEL Na gg70 0748 ¢
98 90| CE2 Na 170 0 619 88 75

CE3 |Na 20 + Li 50 0 745 82 76
CE4 (Na 20 + Li 50 0 2184 28 /1
CE5 ([Na 20 + Li 100 0 842 85 78
CE6 ([Na 20 + Li 100 0 2134 45 68
CE7 |[Me,N 150 0 380 42 74
CE8 |MeNH, 100 NH, 1000 2142 21 82

pky - data for the nitrogen bases published in H.R. Christen; "Grundlagen
der organischen Chemie"; Verlag Sauerlander Aarau, Diesterweg Sall

Frankfurt am Main; 1975 ; p. 392 are given 1in table 2

Table 2
Bases pkg
NH, 4.76
Me;N (trimethyl amine) 4.26
MeNH, (methyl amine) 3.36




CE3 Na 20 + Li 50 0 745 82 76 CE4 Na 20 + Li 50 O

2184 28 71 CE5 Na 20 + Li 100 O 842 85 78 CE6 Na 20
WG0-2004/01962 0 2134 45 68 CE7 Me3N 150 0 380 42 FEI/EPH83/010559

MeNH2 100 NH3 1000 2142 21 82 grB - data for the

ni trogen bases published in HR Christen; "G undl agen

5 der organi schen Chem e": Verlag Sauer| ander Aarau,

wae@s@qmp@étnqsgxﬁmp1ﬁr4uwa¢hrQomaaﬁavaveuEXan%¢ 1 pt bgogmesr evident

en i.n_tabl Tabl.e 2 K N 3N
Hofi ot §|€e§bnﬁ'ﬁe d ﬁpztﬁe,\;éﬁ?éﬁfoggt ﬁ@qceg%aﬁég%% 0Ur$g
Wov@OHHn 02 381 RETH HE2 A9 H 1R 55 enttiza Va6 GipAE i i Owhy the
Exanple 4 with Conparative Exanple 1 it becones

adgitieant of tnear bagic Bel tseacaonding &6 theeteanhtingwduEP-A 712 852

ro S t 48 hours . conversion and selectivity is
HEEER78L 34 M rore SEME e ks AR osf b o Sacs to
aeepbdsecraaNts. @gethnﬁwctr@am% FaRsRG A mefofEbhé pfédess a
852 5 and EP-A 757 043 at the short running tines
efinstderablie tnedued ionl e dontarsier cept seleet vyl issobsnved in

ith increasing ruynping tinme.of the process
SBmer AtV at@mp BLd f ol eReASoHY EXETRS Y eDet der i TArgy than 2300
n . - . e .
e S Bl PP i CoraEve
evadp basl écaridv Bt shawstisati the adpitooni aft @mieibpsesahavingl@ pk, of
dditi on_ of am ne bases

exanpl es 7 and,8 show t hat, t he s

16501 Aot ik BCaYS t0ca LremaIkious Teflcidont &f SOPYarSantoag

%ﬁg%ﬁgrgg(gk C ersion and selectivity over tinme. WO
35037 b EP2003/ 010559



10

15

20

25

26 Clains 1. A continuos process for the epoxidation
of olefins with hydrogen peroxide in presence of a

whedoezmyaneous catal yst pronoting the 5 epoxi de€T/BP2003/010559

reacti on, whereby the aqueous_reaction m xture
conprises: i) an olefin; ii) drogen peroxide; iii)

| ess than 100 wpopm of al kali _netals, earth al kal
metals, 10 both irrespectiv€la#sther in ionic or
conpl ex form bases or cations of bases having a pkB
of less than 4.5, or conbinations thereof; and iv) at

1l.easty ¢ WRGMPPECERS B8 @he Caplok Pkt 16h cﬁ'ﬁ§P§f1‘|ﬁ§\1/\)grt9 Rydrogen

pkB of at |east 4.5 or conbinations thereof,

wher @yoxide Wppresensebat adhetrervgeneous alatakyghprafoting the
hydrogen. eroxide in tQ@ rea%bion m xture., 2. T&E

pr oc E8OXHIALEPLTRAGE 1A HNETRDY 88 AMERHS SPaCidopdmesttee

of gr@HBrisks) in total is less than 80 20 wopm
preferably less than 70 wopm nore preferably |ess

t han 160 wppoiednd; nost preferably | ess than 50 wppm
based,gn bhg total weight of hydrogen peroxide. 3.

The prdced¥dtAges| RENK19€ wherei n the reaction ni xture

i i | : | | ;
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total, irbesipecrespeching Waethehein dbkid iorocompll &alflone, bases or
earth netals are gresent in cationic_or conplex form
and iiib) CREENSt phbases pNDAe Riwi dlederainan 4 Spk® of

| ess than cﬁlmg’in%i r?kot a%ogoré{nﬁspondi ng protonated
conpounds n total, ereby e wppm are based on the

wei ghty) of aRyTHaegET00PRBINK bfebask® 2004 dAY0SR bases having a pk;
PCT/ EP2003/ 010559
of at least 4.5 or combinations thereof,
whereby the wppm are based on the total weight of hydrogen

peroxide in the reaction mixture.

2. The process of claim 1, wherein

the amount of components of group iii) in total is Tess than 80
wppm, preferably less than 70 wppm, more preferably less than 60
wppm and most preferably less than 50 wppm based on the total

weight of hydrogen peroxide.

3. The process of claim 1, wherein the reaction mixture comprises

iiia) Tess than 50 wppm alkali metals, alkaline earth metals or
combinations thereof in total, irrespective whether the
alkali or alkaline earth metals are present in cationic or
complex form; and

iiib) Tess than 50 wppm of amines having a pk, of less than 4.5 or
the corresponding protonated compounds in total;

whereby the wppm are based on the weight of hydrogen peroxide.
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27 4. The process of any of the preceding clains,
wherei n the anount of conponents of group iv) in total

WO 200300032ppm at  nost, preferably from 150 t oPQDBP2003/010559

wppm nore preferably from200 5 to 1500 wppm nost
preferably from 300 to 1200 pm based on the total
wei ght of hydrogen peroxide. 5. The process of any of
the preceding cl ainms, wherein the conmponents of group

i V) I of,aapi.c.am d 1 des

(S o SRR L AR R N
havi e @mobkBAf abmpopasts 6f53r‘oa?”fwf)i #n aoddal is 3000 wppm at
hydr oxyl ami ne. 6. The process of any of the preceding

cl ai mest wipeetenabl hefnosalhli b& 2089 wippme Motiet preferably from 200
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the W%EQFMe@@ﬁhb@F@ﬂﬁB?mPSéﬂ%ﬁQS: 7. The process of
any of the preceding clains, wherein 20 the reaction

is perfornmed in a continuous flow reaction system

wherein the reagtion ture i 5. passed through a fixed

%t alJEtPTOSEES O AT {HISWPERSSAHIG Gha HASAOMERE TS he

r eacty ' ts tLaldl ' :

[ he. dhETediBherts 5 dréd¥ i) PRl hlckyed HHBHEA BhIC Bftines and
7, Wi éesn havfrigxe kel mealdast 4.6npariganing hydcedyil agines having
nmeans i s used. 9. The process of claimg@8, wherein the

fixed PP @hckessti% da anmoni &and iyslepxy] aBhee + he

cooling neans is a cooling jacket. 3 0 WO 2004/ 029032
PCT/ EP2003/ 010559 28 10. The process of any of clains

6/- 9, Thbesreicass lof aBAOFi the prededingg ic3aimaswieatet Arthegheaction

the catalyst bed with a superficial velocity from1l

to 100XENe FertdeeredPyi®sto 50 mh, nost preferably 5

to 3q0rﬂlwat least 100 wppm anions or compounds that can dissociate to
form anions in total based on the weight of hydrogen

peroxide.

7. The process of any of the preceding claims, wherein
the reaction 1is performed in a continuous flow reaction system,
wherein the reaction mixture is passed through a fixed catalyst
bed in down-flow operation mode and the reaction heat is at Teast

partially removed during the course of the reaction.

8. The process of claim 7, wherein a fixed bed reactor comprising

cooling means 1is used.

9. The process of claim 8, wherein the fixed bed reactor is a tubular

reactor and the cooling means is a cooling jacket.



5 11. The process of any of clains 7-10, wherein the
reaction mxture is passed through the catal yst bed

woedaoozposi qui d hourly space velocity (LHSV) fPOMER2003010559

20 h-1, preferably 1.3 to 15 h-1. 12. The process of

any of clains 7-11, wherein tR® fixed catal yst bed 10

Is maintained in a trickle bed state. 13. The process

¥ cl Henprozeseuidr e ofr ehaime béd wWiesedn ithenegast domadxture is

igdﬁi}}afsgé%%%%hf kﬁgﬁﬁ@s&@@w?&%gg@égg& apfi \r/]e%rc"?ty from 1
superfo ¢o@In/Helprerénabd§fs reds@s/h heogasiedsrdt g% toas® m/h.

in nB/h in the continuous flow reaction system divi ded
by the cross-section of the catalyst bed in n2, 20 L
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113 vebpuitly PWSY)NRIm PGd 80 thik pleafeiralylyofl.d He §adeous
phase in g/cnB, PL is the density of the |iquid phase
in g/cnB, 30 pWis the density of water in g/cn8,

PAI T Jipe dhpedensi by, of @iaﬁmgr?-g.'if:%]grm %Rg%%ggﬁ%wst bed

PCT/ EP2003/ 010559 29 6Wis the surface tension

wat erisi maihaimed (7 trsckleebedistatee tensi on of the

liquid phase in dyn/cm

13.  The process of claim 12, wherein trickle bed state is maintained
under following flow conditions:
G/% < 2000 m/h and
Ly < 50 m/h, |
wherein
G is the gaseous superficial velocity defined as the gaseous flow
rate in m*/h in the continuous flow reaction system divided by the
cross-section of the catalyst bed in m?,
L is the Tiquid superficial velocity defined as the liquid flow
rate in m*/h in the continuous flow reaction system divided by the

cross-section of the catalyst bed in m?,
1/2
Pu J\ Pair
r 2 1/3
G Hy J\ PL

,and

ol is the density of the gaseous phase in g/cm?,
oL is the density of the 1iquid phase in g/cm?,
Pu is the density of water in g/cm?,

Pair 1S the density of air in g/cm®,
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uL is the viscosity of the |liquid phase in centipoise,
/aWis the viscosity of water in centipoise. 5 14. The

woraaez®3nf any of clains 7-13, wherein the reRCT/ERI003/010559

tenperature is from30 to 80C,_ preferably from40 to
60C. 15. The process of clain?%4, wherein a
tenperature profile within the 10 reactor in

mai ntmi ned sstfeh sunacet tensdomlafngatreediugyn&iper at ure of
the cooling neans s ar | east 40C

d th I
t enpéhat ur'é th SHY C?h’éer@éf’%l%stheoquq@ gb%%glﬂg?@é/cm,
most ., 16. 1?“&&&?&&%&? AP Qhigife P%spec?ﬁ'q%ﬂt%cﬂ'sg?’
50 m x% urg adal y

mheré?n the reaction I ona
conpri,ses:isvihe ansarsganiaf sajerei .cehlipoibe. process of
claim16, wherein the reaction is conducted in a

mul ti phase reaction m xture conprising an |iquid

fOUeaHs IXIcash 030 cerhde anchiyBhane fonkat o an

organi ¢ sol'vent” havi a solu Ity 1h water 0

| eastiemferéthye Wei oftm 30 4580 @ dpreTerhiylguiffomrgary 0°C.
olefin rich phase. 18. The process of any of the

claims 16 and 17, wherein the organic 25 solvent is

thanol . 19, The pr.ocess pf any_qf the. precedi s
18 ai nbS RSP @ Tac 14 Bard unbersdi atomne s lby Arar e yyn the
as caleattctt in IRAidlainbBesuhoeRtsStiE c8sYirdf médi@m temperature of
precedi ng clains, wherein the olefin is™ propene.
the cooling means is at least 40°C and the maximum temperature

within the catalyst bed is 60°C at the most.

16.  The process of any of the preceding claims, wherein the reaction
mixture additionally comprises:

vi) an organic solvent.

17. The process of claim 16, wherein the reaction is conducted in a
multiphase reaction mixture comprising an liquid 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

1iquid organic olefin rich phase.

18.  The process of any of the claims 16 and 17, wherein the organic

solvent is methanol.

19. The process of any of the preceding claims, wherein a titanium-

containing zeolite is used as catalyst.

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

propene.



