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PROCESS FOR THE EPOXI DATI ON OF OLEFI NS The present
invention relates to an inproved conti nuous process

for the epoxidation of olefins using a heterogeneous

WO 2H302032st for pronoting the 5 epoxidation re%(ET/Eb‘WOIWlﬂﬁ’

wher eby deactivation of the _catal yst has been

consi der abl y reduced Backgrdund of the Invention 10
From EP-A 100 119 it wn propene can be
converted byPH}Ep>JER ﬁﬂfeﬁBQXHMIﬂN DFoPEEENS oxi de i f
a titaniumcontaining zeolite is used as catalyst.
‘Unr eact ed -hydr ogen peroxi de cannot be recovered

- The quresemi qabéntibhamlubes thSaepiaprowid eontBmolE qirocess for the

m xture. Furthernore, unreacted hydrogen peroxide

. epoxidasioneof aatafinensingfa beteragenesysesataiusé for mremoting the
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epol b riBe Clory ierbAL GhEfiuRniby %, pd aBBRiRC Tt Bhen

"congﬁﬁeﬂﬂyope@hﬁhln and up to-a high hydrogen peroxide

conversion. In order to achi eve a hi gh hydrogen
peroxi de conversion. it 20 is.advantageous to use a

i B conti flow reaction system Furthernmore high
‘.—ﬁggﬁﬂéﬁiﬁﬁifﬁiﬂaﬂﬂﬁﬁg—deS|red ol efin oxide is inportant

for an industrial scale process to achieve high _
yi el ds ‘and to reduce costs for subsequent work-up. 25

FronHaReA €00 - 819 iiti 1sy kaowh thbak@iropete cah Seheonaterted by hydrogen.

‘described titanium contalnlng zeolite catalysts are

. peraide pinfor praRese Qxide i Aetitanaum-containisgszenlatests sed as

B ‘- catatl ggté

'v"w']nvo1ves add1t1ena1 effort and expend1ture in the working up of the

epoxi dati on of ol efins, maki ng frequent catalyst
heration necessary. This is for an industria
scale process not acceptable for ‘econom c reasons, 30
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" Unreacted “hydrogen perox1de cannot be recovered economically from the

epox1dat1on react1on mixture. Furthermore unreacted hydrogen per0x1de o

lreacfion'mixtUre ‘The'epoxidation'of 01efih is'therefore‘preferably‘

:ﬂcarr1ed out w1th an- excess of o]ef1n and up to.a.high hydrogen peroxide

";f-convers1on "~ In order to ach1eve E h1gh hydrogen perox1de convers1on it

20

is advantageous to use a cont1nuous flow react1on system. Furthermore
“h1gh se]ect1v1ty for the des1red olefin ox1de is important for an

'3_1f1ndustr1a1 scale process torach1eve h1gh y1e1ds and to reduce costs for .

‘.5subsequent work up.

25

HoWever, activity and se1ectivity of the above described titanium-
'_COntaining'zeolite cata1ysts are sharply reduced over time in a |

- cont1nuous process for the epox1dat1on of o!ef1ns making frequent

catalyst regeneration necessary Th1s is for an 1ndustr1a] scale process

- not acceptab]e for ‘economic - reasons.
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In the literature numerous routes to either ineyepssh 2007
catal yst activity and/or selectivity or to reduce

catal yst deactivation for the above described
titaniumcontaining zeolite catalysts are described: 5

WO 00.00pER- A 230 949 it is known to neutralize PRE/EP2003/010559

titaniumsilicalite catal ys% either prior to its use
in an epoxidation reaction of in situ wth strong-
~ bases_thereby introducing | arge anmounts of al

i o
In beal itgratuge krwmeﬁeueapuﬁeeépamf@ﬁsmqﬁee% eated st iaskivity

gt 1B T U ARl oy bk 3af o e EBve

desort By tfta@nb@tc@ﬁtmmﬁ@seeoﬁh@ ‘CRAVETERre désdrtbéd:757
043 however, show that in.a continuous - process the -

act|V|ty is considerably reduced, if the catalyst is
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cat‘%q&w%ﬁ tSPﬂ:ﬁ‘e g8t i1QNyEe ! gﬁ%gﬁkﬁ&ﬁonnﬁéﬁdﬁbn%r in situ

acidi c sa experi nment ta in EP-A 757 04
withostiang bdseat theyebyl dintroduaihgnkargeadmosntacodiadkatl metal or
the acti

a“ﬁaﬂa@esglar?@b' o t%abﬁe'%%reeéeﬁrea%ﬁtoafWtyseevﬁaa neutra?uatwn"
resﬁﬁ’té% t§7ar?4gcr°é?atsﬁ ﬁg%\‘i’&ﬁt@’? %e‘i‘@@fﬁh?y th@tc?dsh?éd

{rel priofr to reac
ole&ﬁd queomt glb@;thl;spmgggl in slurry form Addi tionall y
" the experinents were only run for 8 hours .but-
- neverthel ess 'shOM/aIready a dramatic drop in catalyst

mhedEhbet st Vel Rat P e oo paptipuons

E proEE’sé\thcl?a(ﬁﬁ%ﬁye%f@ﬁlsﬁhéﬂabby R|iUced MiFItRd catalyst s
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w0
' Additionally the exper'lments were only run for 8 hours but nevertheless

- show a]ready a dramat1c drop in cata]yst actwﬂ:y after 4 hours wh1ch is | -

25

: b“s&ﬁ@ SCEIEI by b%éﬁﬁs iieduced Lompaied o

epoxi dati-on process catalyzed by titanium -

'Ai-neutsahzedlpmerﬂm oreduniog dfe neantibasikherefione fbeis suggested _
t _
o BReE the wabe] Bt PRLRERhrm i ErE BRI GR B cfatRifh with &

neut P51 YPCalRHE - st MO Bxh %mfn@ﬁta]bﬁat& GRf Ep IRRYSY WS EBﬁ'ﬁ rm

presence non- basi c ts may have a posi tive . L o
thaitnby Laedttelonnof:afeat:ya‘;lt oeeacedncwemswheasemnttwu'eyms 1ncreased B

eriment, it was discovered that)é_{e}'gen |f13§n6f a hase But ,

P-fofi, 48 i SO ARSI S TR §s Bt ata with

the salt prior to the react1on and the catalyst is used in slurry form

| by no means acceptab]e for an industrial process.

'Simﬂeﬂ y EP-A 712 852 teaches that by performilngl an'epoxidation process___'_. |
-cata]yzed by titanium silicalite in presence of a non-basic sa]t the

' se]ect1v1ty is. 'mcreases ATl the examples are run in batch operatwn

mode w1th a st1 rred catal yst s1urry for one hour' A1though it can be

' conf1rmed that the presence of non- -basic salts may have a positive o

mﬂuence on catal yst se]ect'mty in a short term expemment it was '

- discovered that even if non-basic salts are present in a reaction :

- mixture for a continuous epoxidation reaction the activity and .




3 selectivity drops dramatically over tinme. Thys pidién 2007
-teaching of EP-A 712 852 does not lead to a reaction

system that can be economically enployed in a
conti nuous epoxi dation process using hydrogen per oxi de

woaomnpmasence of a heterogeneous catal yst., SprSavEmed3/010559
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pat ent. docunents deal with the problen1of opti m zi ng
act|V|ty and select|V|ty of thtaniumsilicalite

at.al in ation reactions neans of -
se %fdm')( ndreﬁpsn 'f@’@géﬁakbhpwhutﬂaecd'ﬁﬁéu% tgaghing of EP-A 712

SRR R o e ESFT I4, SERRSETRLS et

' 1nca)rmatmuﬁlgs epesRiattion threceeacisi Ag hYdreGETE perdbeidRasn presence

EP-A 1 072 -600 discloses the use of a butfer system -

Of&Jr'i‘BFﬁf@Bﬁ!fOslal ¢atadsthose nitrogen contai ning: bases

.for pH adjustrent. EP-A 940 393 relates to the -
addi ti on of ami de group containi ng organi c- conpounds

~ Several hﬁt@ﬂoﬁbéé‘:ﬁérﬁﬁ dé£RGH tIPERE b Em dﬁgﬁrﬁﬁigzﬁ? (it'lV'l ty

di scl oses the addition of strong bases 1

‘ arnd)rseéwtamtryeoéaﬁthnmm alil beatticer cataly$t amnepoxidation reactions.

oxi.de, dditi on f weak bases |ike
B84 B o o on ETOge: Aron a1 SO GeHRUR A rch DHeadistment

- of StﬁletrseaEfndéP@'fxﬁﬁJedstro ﬁ@ggdgg?{e rﬁgfril‘%zegt.??the #uggcl{ﬂeo?dmtwn

m Xt ure in non of

of infprodeni emtatwinObhsesP oSkt réactionTeixtupé ) whavead ZPLE 1072
yuequs hydrogen peroxide:- .20 solution on the lon _ :

600 gﬂﬁﬁ loses \Fh@yusﬁq@fsybé@femswtou comerisiingrsalies of those
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 reaghi@t Bixturediys 6a67%

' '-m t;tbgér‘? %tn%ag n\?/f'?é eblaﬁgjg oﬁro?‘t @ﬁ %ﬁg@'&&gerﬁméegiq %g%egé] ates to -the.

: ‘adchtd)@fu@fohnh!zlet@%up%dmtakﬁﬂ@oﬁ@drhta@ommgﬁ@s n;oooﬁé Sepofhdatwn -

survey of the: anthra%gl none process and - 25
2j ¢isgil os;es ithe @dddbéon of strong bases

U RS oR ey e, AT BOSREEEINS) b RS ant

e theRBUERSBn oFt et balld Qb Singh¥inl Bl B r28%Ra1 1 BRSTkaline.

Crude hydrogen per oxi

o eartbnmﬁﬂ rsales ofy dealgaigerfor pié adgnstufenormf ohéaremf:dmn

he ant hraqui none process contain a plurality of

Sl '"”‘EWF&JOEHE@W RO @di thess refenpacesydhe ;?e‘rfeszt d&’ mpwrd\mes
7‘:comﬁ&WBFés%’t°ﬂ? coﬂ';rh’&'?:efaﬂy avaﬂab'le aqueous hydrogen peroxide
-solutmn on the 1ong term activity and se]ect‘swty of the t'itamum -

' _fs1hcahte catalyst is addressed or mvest'lgated

o Today the vast ma;jomty of hydrogen peromde is produced by the well-

: izs

' known anthraqumone process. A survey of the anthraqmnone process and
its numerous mod1f1cat1ons is gwen in G. Goor' J. G’Ienneberg S.
Jacob1 Hydrogen Per‘ox1de Ullmann’ s Encyc]oped':a of Industmaﬂ

Chennstry Eiectr‘omc Re1ease 6" ed wﬂey VCH, Wemhem 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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conpounds are either inpurities or additives like
stabilizers. The inpurities are conpounds that are
extracted fromthe working solution into the aqueous

wo 2gh@me32 They are mainly ionic or polar speci esCl/EkB03/010559

carboxylic acids, alcohols. carbonyl conmpounds and -
am nes. These 5 inpurities 4re therefore al so found in
conmer ci al hydr ogen peroxi de sol utions. For_exanp

comp@mdeoﬁnenonélegommnﬂ iasnar additiwmdike stabd! werﬁheThe

ol A B By AR5 P g on

1nt@%§ Queof@rphase! ahby fHechein9diaiie brtraarkypeciey  rae -

ke tetrabutyl urea. The use of these solvents result:

| o‘carboxy&mnrnewdsrnodcoholes ¢anbenyﬂ3nompdqndsoandnaunRgc These

Sc al ly no am.n

imp T e dre eTaront $55e e A ntpnnst i BT Bypfed it pbrEide

'_501@95H§r0|al hydr ogen peroxi de sol uti on HYPROX avail abl e

on1Degussa AG 15 contains up to 200 wppm nono- and
di butyl amine based on the weight  of hydrogen
- peroxide.- In WD 00/ 76989 the i.nfl uence of ionic"

- For cuxapRitehydraayienamsp veRt s ythakyang SomBonlqyuses iy e goave

- desShRF oSO b SRErbARY T oo, FERY TS |

-0

ureé%o@hlé@'ﬂlthimérﬁl sﬁbrﬁacb&?@@) | LI 9 NerirereP Pk At dtiraalkyl.
phosphates and nitrates are added to comrerciall

" ureas Al keatikbrahytybueny dFheguse plér ‘daes@eseblants orestdt in amine

ous

o d e R IET 0 N36R6 Sbee 1] LHaLRbiEN, Byd butyt

B amiree iAlthel PRCHIdFo gg.; pebeyﬁjepgbmueﬁ& FOP SQRIPIE e
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the.. presence IonicC conponents in the reaction

- '7_- commarm alr diydeogen péraxdde rsal utioneHYRROX® addétatde from Degussa AG

~st-abi.lizers to comrerci al dr oge OXIde a
COMeRd P | UPe 0 A00; UD%@OP%n@"FIJIy‘?PE%P@WF a;-edlqn 5‘16 weight of

shoul'd therefore .be reduced to a

'T{j titaniumsilicalite catalyzed epoxi dation
hyafi3eht dHQide, :

" mininum "Contrarily, to the above’ prior art ‘documents
30 continuous reactions running up to 300 hours were

:lfiIn wgoﬂeuﬁﬁggg thﬁompfkyenﬁ@uof 1on1c components in commerc1a11y

f”:}fava11ab1e aqueous hydrogen peroxide so]ut1ons that are used in
20
| '{‘d1scussed Ion1c components espec1a11y phosphates and nitrates. are added

epox1dat1on react1ons as described 1n the above prior art documents is

“to commerc1a11y ava11ab1e aqueous hydrogen perox1de solutions as’
‘.stab111zers to reduce hazardous decompos1t1on of hydrogen peroxide. Wo .
" 00/76989 teaches contrary to the d1sclosure in the above pr1or art”

-‘documents that the presence of ionic components in the react1on mixture
even those’ that have been added as stab111zers to commercial hydrogen :

"s'perox1de are detr1menta1 to the Tong term se1ect1V1ty in a cont1nuous

t1tan1um s111ca11te cata]yzed epox1dat1on reaction and should therefore

ibe reduced to a m1n1mum Contrarx?y, to the above pr1or art documents

cont1nuous react1ons runn1ng up to 300 hours were conducted show1ng that -

- if domic components are present in an amount of more than 100 ppm the

long term se1ect1v1ty is reduced. To solve this problem it is suggested
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i f ionic conponents are present in an anmount obgWRiréh 2007
than 100 ppmthe long termselectivity is reduced. To
solve this problemit is suggested 29 March 2007 WO
2004/ 029032 PCT/ EP2003/010559 5 to renove ionic

WO 20ev3oiant s from hydrogen peroxi de sol utions ROTGEP2HEP/O1055Y
use in epoxidation reactio by neans of ion
~exchangers. - Moreover WO 00/76989 teaches that

o SERBR ARG ot AR RS ERE sBHOLRE prion o uee
in efokfUsEren Fact s O REAC oF o SALhATRrS) MoraBepr M.
00/7688Nitegches YRAOAMWGEER dompdendo andnammiomp s osheuddt beé mvoided

long -termselectivity conpared to the above art, this, .
undeppiny EHepUNsEances; §ince; Haser comRaunds dvayaﬁeafﬁ d@stipdegired side

orolGEHE AR LG BRRTRE Seht ok HE B forhRR Bfeeip oxice.
A1thBigts ttRE NtearAthd A S B0LABIBY  REAIZ0ND CstmeY imprdvenémplia Tong -

addi tional process step of ion exchange. last -but not
termessltect éwitwarongared 4bi the iahgve ard. thise ipproevengot igngtil?

insF HeBt pfFoa e a7 S A aceona BobShlE P 1o

' 1‘mp?8vén@ﬁ€ncééf gnW%ﬁﬁﬁev@ﬁfﬁt}ﬁ_ £ id?ﬂl%%t@ﬂtéﬁ@ bBERCAS terms of

5 Contradi cting the teaching of 00/ 76989, WO ‘
investetd1andlipsotessesostisaecorbécaibly afdesindb]dadditiomal process
utions directly_ obtained fro ‘

id | the .. . .
- ste ﬁ‘g ﬁlﬁa(a?’?fgﬁeg?)r bé%%guﬁd\ﬂtnbeﬁ%r gﬁ’@m‘&‘fPauﬂFétéSJ 1?51(19 '1 ons
By Rl (0 S R R D s e

 proseseqiory hiazapdouzaandl atiditioghl ymeasurés édvéyily bgetaken to-

. peroxide solutions conprising very |ow amunts of
ensypelisafetnidurane the g iphPspeRds®e. The experiments,
however, were only conducted for a few hours so that
the long termactivity and selectivity of the catalyst
Cont PadWQit 1§ rineaRbathihd @M WO ab/ 7698y, R @1 /820 0di §closes that -
. another approach is.chosen in WD 01/92242, wherein a
thet useanifuorude hydrogen peroxide solutions directly obtained. from the

.anthraquinone process having large amounts of, for example. sodium, -
nitrate, phosphate, and organic impurities, is superior with respect to

product’ se]ettiﬁty compared to highly purified hydrogen pertpxide

" solutions comprising very Tow amounts of sodium, nitrate,. and phoSphate,

30_

The experiments. however, were only conducted for a few hours’ so that
the 1'ong term activity and selectivity of the catalyst is not derivab?e

-from_ that reference.

Again another approach. i s chosen in WO 01/92242, wherein a t,ifcanfium |

_ sﬂi'cah'te catalyzed process for epoxidation of olefins using erude

hyd'rogen 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 th_at' :

is 'conducted up to a conversion of.hydrogén perox'*ide of 853;._Aft_er.two

* hours the reaction is terminated even if the conversion of 85% has not.




silicalite catalyzed process for epoxidation obgmMarch 2007
ol efins using crude hydrogen peroxide solutions in
presence of a conpound havi ng am nocarbonyl
; ,onality in which the nitrogen bears at
wo 2%%%/08?9% atomis disclosed. The exanpl es sh%ﬁhmmo.ﬁ)
batch type .process that is éonducted up to a
conversi on of hydrogen peroxide of 85% After two
beeROMIazhbdE AT BAGUGhOBhe TxbeF fiditatddebeshbl dhdmprovement with
conversion of 85% has not 29 March 2007 WO
respemmomeszemnﬁpemmammm te empoundsarish. aminocarbonyl

eSS U LI A o
terﬁt &g i\?ﬁ‘? BeHe cﬁﬁmeto‘?ﬁ%tdbnbﬁ‘{udi& ﬁ?ocess is
at om bonded .To

the nitrogen atomlong .term

notadenwab},e Fodm Sheethformayiad avaélatakeainsWO i01/82242.
continuous process is 5 not derivable fromthe
i nf or mati on .avail abl.e in V\D 01/92242. DE-A 199 36 547

§§ e@g?disgaigkggoau oH: gﬁﬁﬁséd\;lm it ﬂen 89?{1?4 ¥aed1yzed

- ‘proeegsomd @poledaunt be o1e¢ﬂvsemtﬁ my@'obélwtpei‘@ﬂzsd@mmebeby the

i ncrease of reaction tenperature and 10 adjusting the

o conpermbntisekepemnstﬂnﬁ kyutnsrepse 2of @ﬁQCtWe‘m atheatand

10

acsh 390, DRER) o s AL S S, B SRt

(1006“?{(})8@)9 i¢0 d;ﬁdbﬁe NRAYE Qd %H?%ye%dﬁﬁs@ﬁ‘lg eKPPH RBL increase |

_ out® pH adj ust nent - ut conversion and selectivity.
-in bemperature. aadirbhel rates pécinoreasé atdudd lnme'en&bedas:ompared to an-
adjusted or not. 15 Thus disclosed herein-.is :

* experinent 6ishogt aboadTusiente BUE SAMYES B0 NdorelEGHvity were

el AERIE GRSl Eh piPAS SBs B et

15

~reaction wherein an inprovenent in long. term
f the 20 catal yst d
Tha%?'fﬂe%do@ee'ei EERteT0: ot s achi sved w Fhout
progsmacy e R BRGLR pbrTershs A thoRuRR ratady in

.‘-'f-E-Apr'e§é?{EE'6“"%“ﬁe\?ér%%@ﬁéono[:a{ms%pﬁl*dni?:%‘uhé’rthe epoxidation reaction ‘,

. wherem an improvement 1n Iong term act1v1ty and selectivity of. the

20
o add1 ng add'ltwn process steps 1n an economc way.

25

catal yst compared to the above d1scussed prwr art is ach1eved vnthout

Summary of the Invention:

- An aspect provides a continuous process for the epoxidation

| of olefins with hydrogen perox1de in presence of a heterogeneous

| "';_- 'catal yst promotmg the epox1dat1on neactwn whereby the aqueous

‘ re_actmn mixture compmses_.

i) _an-olefin:
ii)  hydrogen peroxide;
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of olefins wth hydrogen peroxide in presence. 20Waich 2007

het er ogeneous catal yst pronoting.the epoxidation

Teaction: whereby the aqueous reaction mxture .

conprises: i) an olefin: 30 ii) hydrogen peroxide; 29
woei#2963907 WO 2004/ 029032 PCT/ EP2003101059 7PCIiEPR003/010559

| ess than 100 wopm of alkali netals, earth al kali

metals, both irrespective whéther in ionic or conplex

“form bases or cations of bases hawngi1 E
“ithanlessSthan 180rppmaot elkathaetaks. aacth @) aki me*aelts >both

100 wppm of bases .or cations of bas k ,
20" TRt RSt ot HOT R BT e G Fations of
WO IS h’ﬁﬁ‘ﬁg it N §&daknupisght &f cBMHfrﬁﬂ:Qan thereof; and.
peroxi dé i1 n the 'réaction mxture. Detail
iescat neago 100 wppm bfiviaises aw caliidnist oﬁd:tasbeehaw ng a pk of at

surpr|3|ng g’dlscovered t.hat ean when taking the
contb&ﬂSto OB nE@Tbd BAORE nEheredf aqueous hydrogen -

L%, P 8 bl P %1 MEIBRE byl Rh paorice n
N@Q@ggEOEQﬁhﬂgfepurlflCatlon l'i ke ion exchange, |f_a N
hydr ogen peroxide 15 solution is selected for the

process resultlng in less than 100 wppm of al'kali
netel alkqj“h al s.. both irrespective whet her .
: s or cations of bases:
“ having a pke of " | ess than 4. 5, or conbinations.

t hereof based on the total weight of hydrogen perOX|de ' h
Tt rhashiseere sotprdsing byt discoverebhhahteven whenoheking the content of

i rrespective of thei '

TYHIG ﬁ@ngqnegts B gqﬂeo{ge ng&%@ﬁe%g&é% : Ot\l\gﬁe HE‘%S a%count
th«%%c ﬁﬂ:ﬁh.%“c‘éh%é ?&sﬁ&’tmd%hé d?‘ﬁ@éﬁ offofhé B?e&éﬁtg'iﬁ\ﬁ!ﬁthon

and Vit e catal yst as:l-ong as-

wi Hut effithen pTrXfitrat:owﬁtlhe nionaeéxcHangst .if0a hmmgoﬁ perox1de

bases or cations of bases having kaof
sotutionnis salecded foretbePraegs "%Wa'ttﬁégtm 3?5 Hth& WDP'" of

a{pg%fogg% peré% tﬂealkai1 metals, both 1rrespect1ve whether 1n 1on1c

- or complex form, bases or cations of bases having a pka of less than 4 5

un‘or combinations thereof based on the total we1ght of . hydrogen perox1de

~-in the react1on mixture. A content of anions 1rrespect1ve of their ;

nature above 100 wppm based on the total weight of hydrogen perox1de in

the reaction mixture is not detrimental for the long term activity and

1 se]ect1v1ty of the catalyst as long as the reactwn m1xture contams at |

Teast 100 wppm of bases or cations of bases hav1ng a pk of at 1east 4 5.

' or comb1nat1ons thereof based on the total we1ght of hydrogen perox1de y

1n the reaction m1xture

Thus contrary to the teach1ng of the prior art, ne1ther the use of
hcrude hydrogen perox1de so]ut1ons obta1ned from the anthraqu1none
-process withoiit carequ y controlhng the amount “of alkah meta1s and
amines hav1ng a pk, below 4.5, nor the use of pur1f1ed hydrogen perox1de |

so1ut10ns. where in addition to the metal cations also the stabilizing .




WO H@BBUNt of al Kal i metal s and 30 ami nes hab§¢HEFHO

25 in the reaction mxture. Thus, contrary to bb&sarch 2007
teaching of the prior art, neither the use of crude
hydr ogen peroxi de sol utions obtained fromthe

ant hr aqui none process wi thout carefully controlllngrR

559

bel ow 4.5, .nor the use of: anlfled hydr ogen peroxi de
solutions where in addition to the netal cations al so

T R e (W S
eposﬁ‘ihéﬁl%eoff %Leﬁlﬁseconom c process for epoxidation of

rocess of the present invention
surprisingly results in-along term 5 selectivity of
90% at - a hédro gen per.oxi de conversion.of well above

Theo@upcess et &he drepeliiniiAYettHen pssPEdsTIgY hgtH thth 2!3?!!9 term.

5. selEbg T Spf P Tou SRR0FFE, YRS BOH: e g o3

. evel gfiRraplnnihdieheemiaicees forxineres than t1580 nmmruﬁee vesult has

- at | east 100 wppm ani ons or _.compounds that can

' Abeem Q@oewed aithoutoamy expersiyei purtidteativasstensn like fon
T ht of hydrogen peroxide. It is a particutar.

10

tage of the present hydrogen perOX|de sol ution

t hat ani ons can be present in the usual 7 :

'stab|I|Z|ng anounts.” These stabilizing anions are
Prerfeeaibdwatfhe/ reat ilen i xbGire fapbleamp lconpitiseani ons | i ke

ort hophosphat e, hydrogen phosphat.e.. di hydroge ' '
Eﬁi‘%‘: %%Bﬂ&é‘ﬂﬂgﬁ or coprougis tf@b gqrhgggsomate to form -

ste | 120 A3 OBSsedO @W dFaderf bernakal e

: "jnq$héhgﬂ“dpgg%ng%%90§? e SO i on ?@ o%%au e these -

- stabitizing anions, are “preferably present in an '
anount of at -nost 1000 wppm preferably 100

|1t Gppampanbias e auanigeo0b thetmispp vbe peEptitReglutTon
1. |
'stabhﬁﬁhgsﬁﬁfonk mrenpréferhm aﬁ?uﬁtnd of oxophosphorous anions 1ike
B ‘hrorthOPhOSPhate hydrogen phosphate d1hydrogen phosphate pyrophosphate,

SR s AT R0 S R

l?znitrate

20

;These stab111z1ng anions, or compounds that can d1ssoc1ate in the

”]’hydrogen perox1de so]ut1on to produce these stabilizing anions, are
- preferab]y present in an amount of at most 1000 wppm, preferably 100 -

".E1000 wppm, more preferred 200 - 800 wppm most preferred 200 - 600 wppm,:
'j_based on the we1ght of hydrogen perox1de o

_According'to a preferredaembodiment of the present invention the'amount

- of components of group 1i1) in tota1 is less than 80 wppnm, preferably

less than 70 wppm, .more preferab]y 1ess than 60 wppm and most preferab]y
less. than 50 wppm based on the total we1ght of hydrogen perox1de




of conponents of group iii) in total is |ess tbamBth 2007
wppm preferably less than 70 wopm nore preferably
| ess than 60 wppm and-nost preferably |ess than 50
wppm based on the total weight of hydrogen peroxide.

WO 206002932Mar ch 2007 WO 2004/ 029032 PCT/ EP2003/REIGERX)03/@4 0559
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It is particularly advantage@us if the reaction
m xture conprises iiia) Iess t han 50 wppm al kal i

167 Sttt e RR b L b R P PR 8
11 ?@T § Esé‘“‘ﬁh% %0%@mphﬂ§aqqt mé#h1Gat h%]‘in@rea‘i‘@ﬁnheﬂ:mfsoérm

_ 50 wppm of am nes havi ng a pke
of Icenmnahmhs%r&repf tiretota_)]rrespezrpechgvepmbebhrm ghe alkali or

- comeunds 10 total:, whereby the. yopm ace based 89 (NE . ong

S0 86 e i BE, AR L oy gl B s, afp the

wheichreshoiid it otomsted kompoundgart bovstial s are
present. In cafionic or conplex formto be  |less than

40 wheneby nidree wppre fie rasetl ears thaaweight \@p Rydregesy peroxige.
further 1inprove the long termactivity and. - . .
selectivity of the cat alyst. 15 The effect of the

| It pLse %??%ZE?& oi;f%u %H ahléur?c\’ O dMMaTi pfﬁe%‘l’emcﬁqka‘l 'ih?é]"earth

or alkaline earth netals.
e Taiar ef @wombindtioms tpareofcuh drdtal prifrespeative whetbee theealkah

f h 9 of | h 4.5 .
or SAe e RaRbBeTE TSt PRSI 0 GHLTBRTE S aboti e Bar So be
1e§§‘% aff QDW;P[SHSSH{) ﬁf‘%ﬂrﬁgheﬁ%st EIZ&H) dgrgm Li}%b?lg‘r 1e r?“b’r%er to- further

referred

R 1m|b|&ﬁ/e theh&ﬁndﬂ:ewwnmt':bﬂgeeln@rseﬂbetmtgtnf dhe ¢qt@ﬂggﬁn

15

peroxide in the solution. It. is another surprising -
" result of the present invention that the  presencé. of

g 338 or? i Bgselhe 2P SRel 3P D E0er gt EGoboiced,than |

the- e’ﬁbc@foﬁf th@'%‘lké]ﬁeﬁr ad1khPine eheth aeBalLr Thewdfore] yit . is -
-and selectrvity of - the catal yst whereas the -presence

| pa01f1ch&ale'ler prefem‘red)rto oédugasthe lamountg of pnaeafhawngewka of a
.'_less %han 4. 5 in the aqueous hydrogen perox1de solution m tota] to less ‘
' than 40 wppm, preferably Tess than 30 ‘Wppm, more preferred 1ess than 20 |
' wppm, and most preferred 1ess than 10 wppm, based on the we1ght of

'hydrogen perox1de in the solutwn

| It is another surpmsmg resu]t of the present mvent'lon that the
presence of bases or cations of bases having a pkB of 1ess 4. 5 hke ‘
trimethylamine {pky= 4. 26) ‘or methylamine (pk;=.3.36) are. detrmenta] for_f,.'

the long term actw1ty and se]ect1v1ty of the cata] yst whereas the

presence of ‘bases or cations of bases having a pk, of at- 1east 4. 5 Tike - |
ammonia (pk 4. 76) are mandatcry in order to ach1eve the desired resu]t. :

" This fundamenta] d1fference in behavmr of qu1te s1mﬂar compounds was '

not foreseeab]e in hght of the prwr art




ammoni a(pkB 4. 76) are mandatory in order to achd®ech 2007
the desired. result. This fundanental difference in
behavi or of quite simlar conpounds was 30 not
foreseeable in light. of the prior art. 29 March 2007

- WO 2W@02@82/ 029032 PCT/ EP2003/ 010559 10 Especi aPCY/EP2003/010559

detrinental to the activi t_y1 nd selectivity of the
epoxi datl on. catal yst is the gr esence of al kyl ami nes,

o RS AT Sl St 3P
epoﬁ‘i’@‘&‘?&? r&% ﬂsrtggguﬁ}e'r gredfgge %B%]S aﬁﬁﬂ@s V"%‘%EE@%W?“

secpn@‘ryraﬂ }Zeiﬁﬁ”tam‘yZé)ncyﬂoaﬂﬁ@@ wppm nost preferabl y from -
300 to- 1200 wopm. based on the wei ght of hydrogen -
peroxi de. 10 According to a particularly preferred

* FurSRHR bR ! SR OF sHiG P g n

‘ A'-totBP\ﬁ's”m% sn O sl 838115 pRefer TP fFolyEIP 6! 20007ABpm. more

1o
. inverddant thegcompaseats afr aroup, wh@reve&ielcb%

aVI ng a | east 5. ammohi a and
prefigrabdy yiram 204 t@rH}O@r wibpm, m»st anefm@ﬂboﬁ;dm BOdcto 2200 wppm

' nds are added, to the reaction m xture. .15 The
*basfg Ahotlin

WB?;Q'UXP xdgoa%aerwme process according to
. .the invention in the formof an agueous sol utlon W th"
~a hydrogen peroxide content. of 1 to 90 w.%.
Accordihgriabhaypdritical wpreferfed @mbodimend. ofh ahengr&nt o

70 wt. % hydrogen peroxide is particul ar Ify preferably
MNP G| Q"}/" nes

iandaihqdégg'%gﬁhg’ %ﬁ%P&%ﬁﬁm nyi d %Eﬁ*é’?\grdrogﬂ gh‘s?s having a

proc I'mvent! on~an aqdeou

 pk, BETAXT kst 305 UlthmonRaand dydsed ahite. Profirablgthdy a

process for the:preparation of the hydrogen peroxide .

~ ‘amisedanboryd Signtrianal cospeurds aanen added tonthe sepct i mixture.

s ¢ |
- The OBl DERHE®1S el e oEedt beldraifg! £6 e TiRion

process conprising: (a) hydrogenat| on of a working
. solution conprising an .organic solvent or mixture. of

"'1n the form of an aqueous sol utmn w1th a hydrogen perox1de content of 1
" to 90 wt. %, preferab'ly 10 to 70 wt.%. A solution having 50 to 70 wt.x

hydrogen peroxide is part1cu1ar1y preferabl y resulting in even more

20

.1mproved lTong term activity and‘se1ec_tw1ty of the employed catalyst.

-~ For the process-of the prESent 'inve'ntion an aqueous hydrogen peroxide

so] ut1on cah be used that is obtamed by a process for the preparatwn .

‘ B .of the hydrogen perox1de so]utwn accordmg to the anthraqmnone loop

process comprising:
(a): hydrogenat1on of a work1ng so1ut1on compr1s1ng an organic solvent
:or m1xture of organ1c so1vents and one or more active ‘
N | anthraqu1none compounds ,
(b) ”:ox1dat1on of the hydrogenated work1ng solution to form hydrogen
| peroxide, | 7 R ‘ '
(¢} . extraction of hydrogen peroxide with water,

(d) .steb"ih';i ng of the, extracted aqueous hydrogen peroxide _s_o_'l_Ution,




210

(b) oxidation of the hydrogenated working sol ubg 8rdHo2007
form hydrogen 30 peroxide, (c) extraction of
hydrogen peroxide with water, (d) stabilizing of the
extracted aqueous hydrogen peroxi de solution, 29 March
WO 00290380 2004/ 029032 PCT/ EP2003/ 010559 11 ( eBCT/EPZOW"l“SS‘).
- optionally .concentrating the, agueous hydrogen per oxi de
solution to- a concentrati onlﬁf hydr ogen per oxi de of

at |east 50% by weight based on t ht * of o
(ehydeplyiena bk 6Rnerntsating she aqupows BWHQO wﬁwﬂhﬂ-wn to
| ut |
pur Procaefirtiet e RidiadEn S ds G ot iﬁeia?eééﬁ%?". ffoht
thebfﬁd 6% tHeORERGhtNSF e hyalregbn oefroﬂhd@sloﬂatﬁmt h
n

or am nes having a pke of less than 4.5 or _
(frongoyimgsof dibei warks ngrsolatioreafter iexgragie os. oseds ar e

(o} §€§%§?€¢pﬁ 3w Erisation 3F e lre R Aty
whg%g]&b tﬁhe bh{ﬁ%pﬁ dess AdyEhBeT a ka1 osp emmmhe@h

s or.catio bases having a pk8 of |ess '
metaﬂannér amimes Gavingat pignsf tless ettian 4pb efrecamﬂ:qpndm égrming such.
pmor nore of alkali aa al kal i ne’ e‘a{:
amnelsadwag the @Sﬁeﬁsfsaer%ﬂetmf@tcs £17 @moypty that result in

spective whether the alkali or ,aIkaI|ne earth
amﬁk}tg @Bare present in cationic or conplex form -or

| m) i P)D SR BRe BT 81kaTh msTaNes durthnglialnkeetd]s, escth
than 4. or the correspondi ng protonated conpounds-in

-t ot &rrespact e whelheri iy 1Qq1@@y~scwl;qj,eaggornbepg§esj@r catmns of )

R e

E pr@ﬁé‘?’h pen peroxide solution that can be used in. the

15

.~ process the present invention is that it can be easil y-
1ipnoB0ioepni or none. (d’cehloailncmew senplkaling Qali‘éhvmﬁﬂﬁn@‘vm
ant hr aqui non Ss%oce 25 ad Ltional

b
pur PORGIROT G91TS EBPOR, 10 HOFA ro dEECSIFy TAe AeLher the alkali or
pre%ﬁ@l%X -E¥th metals are present in cationic or comp]ex form; or .

| 11b) 50 wppm or more.of amines having a PKs of less than 4. 5 or the o
| | correspondmg protonated compounds in ‘total: A ._
' -m the resulti ng aqueous hydrogen peroxide so0l utwn whereby the wppm _’

j are based on the weight of hydrogen peroxide.

Another edy'ahtage of the hydrogen peroxide solution that can 'b'e used in-

the process the present invention. is that it can be easﬂ y produced in o

. an economc way. employing the well-known anthraqumone process whereby_ - 3

| additional puri fxcataon steps are not necessary and are preferamy not ,
'apphed when preparmg the hydrogen perox1de solutmn to be used in the . )
process of the present invention. The only requ1rement for the process

the hydrogen peroxide solution compared to the known mod fications of

X ‘the anthraqumone process is that the process has to be carefuﬂy

controlled to avoid -introduction of a]kah metals, alkaline earth.
metals,- ammes having a pky of 1ess than 4. 5, or compounds that may form .

durmg the anthraqumone process such ammes dur1ng the. preparatwn of .
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appl i ed when preparing the hydrogen peroxi de sogwdréH2007
to be used in the process of the present invention.

The only requirenment for the process  the hydrogen

per oxi de sol ution conpared to the known nodifications

wo b4/02b8 ant hraqui none process is that the. pr CTEEPRGHO10559

to be carefully 30 controlled to avoid introduction of
alkali netals, alkaline eartk netals, anines having
" a pke of less than 4.5, or conpounds that orm
thed inydrageh perand de aqﬂmlttmme'l pranossts Sel WeH rﬁ’eEe%‘b]rtl g
- the preparation of --- --- --- - -s-----oooo oo

concantatignabeye zr%eﬂ1wszw1éz§6efcee7e580%faeeet
1n&%:ﬁ@f hydr ogen peroxi de solution in amounts that

5 Tesult in concentrations above the |imts
- specified according to the present invention. 5

Al t hough- many variations. of the anthragui non c
Al thougk Hiagy evarfiationseqli thenanth hr0u TRASi. BT Q% €°.qc g‘% this

I f d
reBrbbEi Afe eoBEFBRED 07 Sl a1 o9 e

work3 nef:b/om@roﬁ/vehlst e és)séﬁth ahy Frabofe opgamic( h)tmgehommpounds
using alkal1 or alkaline earth netal conmpounds 't

toairy the woekingt hobddpnoite apwoeésep off Y1 @i Ehrtpus e gflsah or
IR s e eampotnds, tha s el RABRBRRI Rk ocess of
| th@lﬁ%ﬁ‘%%nﬂem i Gy e d#* h@g ang ’@@ﬁ@géﬁh@ﬁhtbythe

ter- evaporati o Vacuum The process of

| workiegess Ut iorerihi step $gpant tredtimgywiidy aot ugeabuninum exide.

 preTesabl gadtying 3 SBtctah by ofFer et i A ARHE T

passed through a fixed catal yst bed in down- flom;;'
operati on node and the-reaction heat is at |east

- '.f~Th@aﬁr‘otésd Y fhe”fp\f@ﬂanftuﬁnmtﬁhe isoparstsi col altheademitageﬁus if the

15

process the present invention is t

capabftecanowdatnouctse@erﬁor@ed. @ sk inuays dy goreac%wn system

gt fe Aaction BOERCTs Pﬁ%ﬂiﬂLﬁﬁ%@é?é‘??"-‘?f EaeAYst bed in . .

doﬁﬁ-3q8§5?§e95t$&P36@é Bt the PegeYidAtheat 9§ &b @aase partﬁan y
“hydroge

per oxi

;_removed during the -course of the reaction. The process of ‘the present
i 1nvent1on s therefore preferab]y conducted in a f1xed bed reactor ;{ )

: comprts1ng coo]tng means

'-'f A part1cutar1y preferred embodtment of the present 1nvent1on refers to a“T

: process for the cata]yt1c epoxidation of propene with hydrogen perox1de ;

in a cont1nuous flow reaction system conducted 1n a mu1t1phase react1on e

. mixture comprising a liquid aqueous hydrogen perox1de rich phase

containing methano] and an 11qu1d organic. propene rich phase where1n |
the react1on m1xture is passed through a fixed catalyst bed in down- f1ow 1

,operat1on mode and the reaction heat 1s at - 1east part1a11y removed

g ~during the course of the reaction.

The present inventors have surpr1s1ngly dtscovered contrary to the

'genera1 textbook know?edge as exemp11f1ed by A G1anetto “Mu1t1phase :




O ditgewld t@ Soptes] sanee &h
| -acttl'Uﬁt wﬁgf‘%ﬂ?‘eogr&d’ t?nfel‘é‘fdr% Raditghbey/ ceﬁ&&aerdﬂhf a certain

15
LW ﬁhn récpett 3%9#}8 Sxam¥¥ds it AP A LcTdRel hehaex diMiopgentional’
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in a continuous flow reaction system conduct ed2¢ Magsh 2007
mul ti phase reaction 25, mxture conprising a liquid
aqueous hydrogen peroxide rich phase contai ni ng
nmet hanol and an |iquid organic propene rich phase,
wozmhmmmn the reaction mixture is passed thr oBGHEE2003/010559
fixed catal yst bed in down-flow operation node and-
_the reaction heat is at |easf partially renoved:

during_t he course of the reactio 30.T resepnt .
ReachOES e BHESheARAr a6 it Rl ool sy el A E TR, bhmjcal

Reaélﬂﬁn St flﬂe%ﬁ*?Mﬁet%Bﬁase 28U CAGR Phefe PB4 §Hﬁf§1 BY¥rpdration,

1986, - that- a cooled fixed -bed reactor-can be sﬂﬁ:c%ﬁﬁﬂ]&%ﬁeﬁ@ed in a
2004/ 029032 PCT/ EP2003/ 010559 13_. Reactors

dowphAlaac bpariati o £oaiarneass "praduci/mel ephHadEy d{&ntﬁareby overall

PFOEHBY ,ygﬁh&g@]ﬁfr{% 5(‘?? a(SgL ég@perﬁg org%gloéf’%ﬁo‘fx sly djsgd in the
pmrt)?a&rttorﬂﬁ%ne%c%u%mﬁ%ddé QRraE e IsAnde TOMB- kg that

operation to i ncrease product sel ectivity and therebpy
theoeposildat fonpob et iyis d lutgtuiare@therrmm ueattth@w that is
operation as previ ousl ﬁﬁused or , ar

ek Lo S & Ron ladtabi Hidhs

reac cult to control since

i rﬁmaﬁt‘dempeﬁa@ﬁr@ tooach daeaddonoini ¢l 1 yaddsontb e conversmn But
enperature and therefore has to be conducted at

on dibﬁtQiihﬁI‘ Tandi therhaak aeperatiedr BY (the RRtEeen e SRaRt o hgs to
e SASEOBY GERE SR 0P epc PR TR S Inleh enpaitures

- undhtesidivelreat eropectalie Qmaddﬁ witieaheorestil bcehatt product

~cincreased tenperatures ‘unwanted side reactions take -
se1etemtw th dehmases ulEhet pefecsr etiddmited sempanatyre sincrease

iR ettt dear o Shutre. bbb SRR STE ERERIEECHS.

I n.conventional tubular reactors
tumeeperreetwre terqmramrtmemmtml Yl chtall ystchediexceals 15°C

- wh %%$9%33¥€e2t eté)xatmla es )%%npl!’ 336561 4":15 &96%%m3g§athpe rise

.. is'8°C at.the most and in the preferred embod1ment 5%°C. Thus accordmg

to the teachmg of EP-A- 659 473 temperatur'e r1 se within the ‘catalyst bed
" has to be kept as Tow as possible in ‘order to achieve high yields of

: péqpy]ene ,o&;jde-. Tﬁis_ reduced temperature rise could only be achieved

o accerding to EP-A-659 473 by conducting the reaction in a single

25

'r‘eactmn zone to only a par‘t1a1 conversmn with the result that the
maJomty of the reactwn m1xture has to be recyc]ed and by

intermediately cooling the reaction mixture.

According to the teaching of A. Gianetto et al. when operating a
conve'ntiona1 tubular fixed bed reactor poor heat dissipation and
nonuniform temperature within the cata] yst 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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20

is 8C at. the nost and in the preferred. enbodb&i®Rikch 2007
5C. Thus according 20 to the teaching of EP-A-659 473
tenperature rise within the catal yst bed  has to be:
kept as | ow as.possible in order to achi eve high
wo 2yi4@bwls2 of propyl ene oxide. This reduced tenPEer/EPa#08/010559
“rise could.only be achi eved accordl ng to EP-A-659.473
by conducting the reaction |]h a single reaction zone"
'~ to only, a partial conversion.with the ul-t-that th
reasfopaiEheut, TgretRd T S Pamal SaaliBdrak Tg prection mikture a
I on
g S O R LR LR ot B8 g s Rest O
disipatioarwaier a:tcurrgtlaat ehmﬂdwﬂrmtcahbuldacreaseeuth
react or poor heat di ssi pation. and 30 nonyni f orm

-sete@ﬁﬁertat anc thus he Yied de iubi Gantnaey Hadhis ePeskpbioregas

By ey
‘sel‘?e‘éﬁt/\ﬁi't | 9N atheCoMleelotviersford ednpdcbts up90gw opration mode is

2004/ 029032 PCT/ EP2003/ 010559 = 14 react or: wi thout
achiievert modi s 12 tosr aven @ebterngveﬂalﬂ hwﬂeﬂécbaiﬁd enxixsregen

, erature ri.se | yst
perst B Ao R 6 e it Bre D SrbBEFRSY T FBSH A8 473 are
obt%t:ﬁme' gﬂﬂoggﬁ%rcsﬁ%tﬁbﬁﬂuebacﬁﬁi ggéteni hytiRe tﬁwrmem ate
. they contrary to this expectation, as 5

' exﬁeen&]h@whng was aisddt-ai | bel ow in the exanpl es, better
product selectivity at the same conversion conpared o
to. up-flow operation rmde is. achieved and simlar- or

v . oxis o
in SHEHIELIEL of B bresti, feRBRAE 9 fudbis oavifil ’*‘1?*%’ --
cathlgstabed @it at)@hmlgemﬁrtshoatgbeazmvhdrtabanm neaettcm

X congigSt em wi t hout. i nternmediate 10 external cogling %e

&ions| as ttragpt dor ERA 659 (48 mddSrh § $42137% shawid

oL TS b R RO gt are
usdd) FRApPEReraBRy, a@QbM%rAréac%t@s %Vtﬁ?wﬁ:dohﬁugl%eket are.

- avoided. Preferably, tubular, nulti-tubular or :
appiibd isiptattheyears standardly meﬁl abVesat meéabt\aﬂyw ow cost. AS

y coothg%;J lm%%hﬂn? 85c%ag "is Bﬁﬁt’ﬁe@tﬁrougﬁ the cbglc %%t means preferabl y the -

: coohng Jacket all standard coohng medta 'ltke oils,. a]cohols 11qu1d

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

- The‘prbéeSs according to the. 'inventiion for the epoxtdai:'ton‘of olefins,

| 'preferabl y propene, is typtcaﬂ y car‘r‘ted out at a temper‘atur‘e of 30° to

- 80°C, pr‘eferabt y at 40° to 60°C. Accor'dtng to a preferr'ed embodtment of.

25

the present invention the temperature profile wttAhtn the. r‘eactor is
maintained such that the cooling medium temperature of the.c_:do]‘tng means .
of the \tUbuTar.réactor is at least 40°C and the maximum 't:emperatu_re '

within t_t"te catal yét bed is 60°C at the most, preferably 55°C. By -

. preference the temperature of the cooling medium 't’S'contr_oHed by a

‘thermostat.




applied since they are standardly avail abl e atsg March 2007
relatively low cost. As cooling nediumthat is punped
through the cooling means, preferably the cooling
jacket, all standard cooling nedia Iike oils.
woztfih/ﬁ%?)t liquid 20 salts or water can be usECI/EP¥NENI0SS9
I'S D preferred The process according to the
i nvention for the epoxrdatléﬁ of olefins, preferably
. propene, is typically carried out at a tenperature of
The 3faxtioum %ﬂpe@teferveibgw athe4©itat1d56d@d Ag deaghrey wath a

o ubikise: o auEba st Prpervure modir Rty deand 1R fbrCoppres

' _. or ?lﬁh lbgaatrrﬁﬁ%ed; grgér‘oﬂ?mé%g heUgT dr@ﬂﬁﬁé alxdEeoPithe preferably -

oS e o GLETEA Y Gt trreen

10

he-c¢ool 1 n tubular reactor is at | east.

tubd PP ae&l:ﬁdrrez mexii tabtet digtanaes vd thwiespent t e eagh aﬂtinet‘

ey e onis o ki GoF ot o v B UEER e
- temp %gﬁ%%{eg‘%@rt%&z%]ﬁfégﬁﬁ i) @&% 10"edONA @R80%hperature. of

|rrumterrperature W

3 thet@é?:aqgw'ﬁéﬁtw%dnlﬁreﬁaﬂsnﬁeeﬁbmﬁoh as epbot als bgoadsary.

sui tabl e tenperature nmeasurenent means 1ike .

" thernocoupl es of a Pt-100 arranged appr oxi mat el y

-meaﬁ@ E & ’th@°§e1btﬁéd Wehdtdt thse ftﬂécrﬁa)ﬁmaﬂdtemperature of
stances

etween the t enper. at ur e neasurenent neans
theatgtaAYftiBeddcar benatjssted biyecardinodi incuithe Bow. tafe of the

| reapEia SaireTHRS ST RN ey e ot e A g o

: '.ratg Qf Q@Fatgéo"lgﬁgqnem'ung bﬁgﬁrﬁnﬁhm@h%%oﬂﬁ@méaw oﬁrb;r

eact or Xi mum t enperat ure of

L 1owbhﬁ1§ ghal ¢etlalpsd ac’aﬁnby aftirushstdinos bgodﬂuihlngn'qwt gatalyst |
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llow-rate of the reaction mxture passing through the
W‘ithemﬂrttrmatgﬂabntrol ling the flow rate of the cool i ng
.- medi um passi ng through the cooling nmeans or by
“l'owering the catalyst:activity, for instance by

rhedriéw 'Hagetaretﬁ@tcebvﬁrg AEdint s ipreferatAyead uisted to keep the

temperature di fference between entry of the coohng medium into the
3 coohng means and’ ex1t beTow 5°C pr‘efer‘ab] y be] oW 3°C most pr‘eferably

: 2°c

B By sel ectmg such a nar‘r‘owiy defmed temper'ature profﬂe within the

B reactor' an optnmzed bal ance between hydrogen peroxrde conversion and

: o]efm ox1de se]ect1v1ty can be acmeved

-~ The pressure ‘within the reactor' is usuaH y ma‘mtamed at 5°to 50 bar

| 'preferabl y 15 to 30 par.

Accor'dmg to a prefer‘red embodment the reactwn mxture is passed |
through the cata1 yst bed with a super'f1c1a1 ve]oc:'rty fr‘om 1 to 100 m/h,

-‘-preferabl y'5 to 50 m/h most preferred 5 to 30 m/h. The. superf1c1a1

‘velocity is defmed as the ratio of vo1ume flow rate/cross sect1on of L
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The' flow rate of the cooling nediumis prefera®pharch 2007
adj usted to keep the tenperature. difference between
entry of the cooling nediuminto the cooling neans

and exit bel ow 5C, preferably bel ow 3C, nobst .

wo 200mkspably 20 2C By selecting such a nar r owPgI/EP2003/010559

-defined tenperature profile wthin the reactor an

opti m zed bal ance bet ween h))@r ogen peroxi de conversion ‘
~and olefin oxide selectivity can be achi eved. 25 The . .
thepcessyse beidt mcmsteneerrtéarctfmr SUBePLfs"ﬁaﬂ WEAﬁcmsaucnaeQbeaffa@ed in

a given aeacioreRicadharina it rda B RN Eg%’é*‘“"ghi'ge&%‘a

“through the cat aI yst bed with a superficial velocity
from1l to 100 mh, preferably 5 to 50 nih, nost

AdditedreN N gdit5 ik prFenrdd tohmssstipemeact on mixture tgwough the

i sdefined as-the ratio of vol une 1
catalust dudorithoa 1icuAe 1urly VoReeos 69L3L RSN H¥n 1 to 20 1

PCT/ Q1 9 16 the catal yst bed. Consequent ly "
pretfﬁgal% '?‘f; 8 gﬁ?%él ocity can be varied in a given

reactor by adj usting the flow rate of the reaction.

m xture. Additionally it is preferred to

wheneaert ithe Fliowt nake Dlﬁrti'lﬁgﬁeicﬁé% RRtHr sis Béﬁi%eﬂhp% Fulfitl

el B e 8RB SRS Pl bbbl veh PP o T

‘ ho&cf‘? .ﬂf—%@ é’l%c%m;rg (%Lﬁ apty Lﬂﬁbﬁdsé'l@cﬁ\lﬁ:y' tan ecactbieved.

require or superficial velocity .and .
liquid 10 hourly space velocity part|cularly hlgh L

e R DS SRR S RBSB S SRS Hbdoon

- thgr[}?ﬁ?%% i§beglﬂﬂh‘fécfgotnﬁ Hﬁém ghe 81 $at BbY S'In *aeﬁlr'idﬂe bed

15

as been surprisingly.

* stgies CoY Hag chédmrkurprisivagly divdoeeed! tha’anef the |tsr1ck1e bed state
mai nt ai ned under certain flow cond| [1:3 (%f ﬁ % t
istwinpainednunder ARRGHINOH O, %Oﬂdﬂﬁboﬂsn &ac E &fig presen

i n\(l)er{tqgn SLeehe’ Flgre\gseb p%per%a ki Gy 's@'i ééh 9‘] E’F ‘%Hﬁ ¢ eﬁe

| parti cular]y pronounced

o These cond"mons are as fo’i]ows
20 '

G/A < 2000 m/h and '

.L\p <50 m/h. _ |

~ wherein o _ S

G 15 the gaseous super‘f1c1a1 veloc1ty defined as the gaseous f]ow r‘ate
in m3/h in the contmuous fiow reactor divided by the cross sectwn of

‘the catalyst bed in m?,

L s the hqu1d superf1c1a1 ve]omty defined as the 11qu1d f!ow r'ate in .

| m*/h in the cunt'muous flow reactor divided by the cross sect‘lon of the

cata]yst bed in m?,




These conditions are as follows: 20 G X < 200QgWidich 2007
and Ly; <50 mih, wherein Gis the gaseous
superficial velocity defined as the gaseous flow rate
- innB/h in the continuous flow reactor divided by the
wo 206018965 section of 25 the catalyst bed in m .pdy/Epmoii®sso
|qU|é superficial velocity defined as the liquid fiow
rate in nB/h in the continlfous flow reactor divided
by the cross-section of the catalyst bed in nz. ;0 29
March 2007 WD 2004/ 029032 PCT/ EP2003/ 010559 17
-[(Pul (PAir)] and 5 2 1/3 (6W. IWAPL | PGis the
~density of the gaseous phase in g/cnt PL-is the
% % 14 he. l'iquid-phase in g/cn8, 10 pwis the
EB%)E@;; ] water in,g/cm,; PAir is the density of air -
6W |§n@he surface tension of water:
indyn/cm al. is the surface tension of the |iquid
phase in dyn/cn15 ul |s the viscosity of the liquid

|se uu is the viscosity of water
‘\pl ~é§b |%;IEE¥ n order to be able to operate the :
usly when changi ng and/or.

o regeneratlng t he epoxidation catalyst, two or nore
D pe flowtheaddr@hisy otayhé fgadesiy etase sSa bécndperated i n

= .. % parallel or in series in the before- 20 descri bed
'p. maimdhe damgstwldfi the. 11|Qﬂa¢1|Rhﬁ$%dlrﬁt Q/Gﬁ‘ ng zeolites
. especially those of the .
Py TS the den51ty of water n g/cm

";pg, s the den51ty of air in g/cm3
T cgl‘ is the surface ten51on of water in dyn/cm
-:,oli is the surface- ten51on of the Tiquid phase 1n dyn/cm,
”'uL s the v1sc051ty of the 11qu1d phase in cent1p015e '

Sy s the v1scostty of water in cent1p01se

t In order to be abTe to operate the process conttnuously when changing- |
H;ff and/or regenerattng the epox1dat10n cata]yst “two or more flow reactors j
‘,may if de51red also be operated in para1]e1 or 1n series 1n the before-

20 descrtbed manner

. ) Crystalltne tttantum contatntng zeotttes espec1a11y those of the ,
' Acomp051tton (T109 (stmplx where x 1s from 0.001 to 0.05 and hav1ng a MFI

or MEL crysta111ne structure, known as tttantum 5111cal1te 1 and

titanium silicalite- 2, are suitable as catalysts for the epox1dat10n
"process accordtng to the 1nvent10n Such cata]ysts may be produced for -
A:T example accordtng to the process descrtbed in US-A 4,410,501. The
,.tttantum silicalite catalyst may be employed as a shaped catalyst in the
form of granutes extrudates or shaped bod1es For the forming process
the catalyst may contatn 1 to 99% of a binder or carrier material, all
"btnders and carrter materials betng su1tab1e that do not react with

j hydrogen peroxtde:or with the«epox1detunder the-neactton conditions




conposition (Ti02),(Si0,)1.x where x is from 0o8QkrcH S007
0.05 and having a MFI or MEL crystalline structure,
known as titaniumsilicalite-1 and 25 titani um
: silicalite-2, are suitable as catalysts for the
wo@pmgpmtl on process according to the invent ip@yER40631010559
catal ysts may be produced for exanple according to
the process:described in US-¥4,410,501. The titanium
silicalite catal yst may be enpl oyed as a shaped-
- empdayed yor the epexidabion. oEx’gnmladxbeeﬁthxa rdidaebar @f 1 to 5 mm
- shaped dies., For.th r rocess 30 the catal yst
o arerrﬁ{]g%ﬁﬁeg)( Hsed s §g>%cgpe§ tﬁ’gé? t%r carrier material,
- all  binders and carrier materials being suitable that
o do not. react Wwith hydrogen peroxide or with the
. Whezppractécimpehe tpresestadhiant iwandt tisopse R rdrtHat26Rd overall
' WO 2004/ 029032 PCT/ EP2003/ 010559 18 enpl oyed for the -
feeéipe’sreeat tothe saactomcompnisas an Awesyehygrogen pesoxide

 sonfof ShETARY ARt APohbdaP B TRl Bl Sine i Rommagencs may I

be tiReraiuesd! into StHee PelactoreadM Thdlepdifieh afdeds 610 HMk! e:esﬂo?«e of
aqueous hydrogen peroxide solution, an olefin and '

fhe@ﬁg&ﬁds anel maxad prhan &byi nﬂmdect:mnpmmmtbe meactoe.

- _bkntroduced into the reactor as independent feeds or - -
“one or nofe of these-feeds are n1xed prior to.

| t r

us L GRHELSRS JPOIE 15O Shrerkiohe o\t esfte

o epoemdmaedl fiegpartiqdat i cletfans @hehlms:omﬁtd:\arbon catomsar bide process
ns.. The process - according to the invention_is post

- achriiit b e, VOEEAR 5 BIS RATTGHORT U SIUARIE B0 0k
: 'epoS(‘?d 1992@6Pg§ﬁ%§ }:6; %‘gﬁ&%%ﬁh&e r %tso&%nbﬁné’“r%gonsb% wou]d

err Fial” scal e process.

. be pr@mredr\% b mda{trﬁan esdaqeﬁplhitbsﬁstcﬁuts@(ﬂmpéﬁé not in a
m:xture with p Rane that.as a ,rule contains 1 to 15

L 15 pureofor% bat ;asopdwe nigalpwinturgywWith peepane that geia rade
R gasequs forn1|nt the reactio stem :
S confBins ot AeER %Pw‘gpeer B0, Y, bEn R Aas B gugg 2
- weld gohive 5se0h§ foffl AftdeEnd FebBeTdASsstdie SO ubil i ty of
L he. ol e pre era I'y propene, in the |iquid phase.
: SU|tabIe as solvent are all- sol'vents. that are not
7'The reaction is preferab]y carr1ed out in the presence ‘of a solvent. in
'order to 1ncrease the 'solubility of the o]ef1n preferab]y propene in
"f_the.1jqu1d_phase. Suitable as solvent are all solvents. that are not
‘ oxidised or are'oxidised only to a‘slight extent by hydrogen peroxide

Euunder the chosen react1on cond1t1ons and that dtsso1ve in an amount of”

uf‘.more than 10 wt.¥ in water. Preferred are so1vents that are comp]etely o

_ nise1b1e with water. Suitab?e solvents include alcohols such as,
: methano1 “ethanol or tert butano] g]yco]s such as for examp]e«ethyﬂene.

‘ ;qi g1yc01 1 2- propaned1o1 or 1 3- propaned1o1 cyc11c ethers such as for

examp]e tetrahydrofuran d1oxane or propylene ox1de. glycol ethers -such
| as for examp]e ethylene g1yco] monomethyl ether ethylene g]yco!
monoethyi ether, ethylene glycol monobutyl ether or propylene glycol
: monomethy] ether, and ketones such as for example acetone or 2- butanone

] Methanol is part1cu1ar1y preferably used as so]vent
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15

oxi di sed or are oxidised only to a slight extendmafch 2007
hydr ogen peroxi de under the chosen reaction

conditions, and that dissolve in an anbunt of nore

than 10 wt. % in water. Preferred are solvents that are

WO 2@9 %t ely 25 miscible with water. Suitable s@"rmemmsmmssg..

e al cohols such as nethanol, ethanol or tert. -
butanol gl ycol's such as foﬂgexanple et hyl ene.
egcoI- 1,2 propanediol or 1,3 propanediol; . cyclic
Theebhamis ﬁupd‘ef@eabw empmyqdl &n teedceahy@ﬂetuv%uto dho%mdeogen
ycol ethers such

opyl ene oxi de;
pere&nﬁpne oetiwtenecf@eyeor ﬁiﬁﬂbm@ﬁyl C%‘?H@Pt‘% W | é}ﬁ%”"ge“
et R BTISFRHS of Ui JRASERLY Wopfrehfuhosen

perb%dweﬁefeum ¥beify chusemlin tiecrange cfroﬁ hut a:boae.r The
Met hanol -is particularly preferably used as s

souzenuvasquefemmvaﬂdedoanoeyowuom@@(ﬁo%/%f@sgg rl'@twe to

e e o, BB 3 SSTRL B oA, e A

empfi’bféd hif BBt v&A B U AWl T‘ﬁﬁ"tggﬂﬂi 1Bepﬁéﬁe(i|<abiyhﬂmsen 50

ratro of olefin, preferably propene, to h¥dro%
thapea mydrigepr;eémmde ycobeumpgtwtn axfe moran thaa Q%g prefenablymore

: The 5, sol vent . s prefera added, i n wel
thanadito 59 dohuived wiial havipute do” BHouERoer f‘-ﬁﬁyerﬂa;sd
ion used. The ampunt of catal yst-
, reagﬁ%ﬁ%§g§i§§@%%e varied within wide linmts and jis-

~preferably chosen so that a hydrogen, perOX|de
consunption of nore than 90@6 prefera %%nnnre
¢

Accgs%ngu 0 @oeuenb@dmﬁhnpﬁ thenterand 1nyes rrea&ﬁae@ CPHQ“'“""S

.'_11k32£ @ ISackin esgﬁf&thb@'lﬁ oPEADT Shi SeiRCBih of solvent

on reaction conditions

and H.ﬂ%tﬁ@éf%b@ﬁw ef e eomchentelofCthcoreatt Wrefiiintumdare.
- selection of solvent and relative anmounts- of -the

chosenpmneneureothet peewu;et obonhy xaner eqv&oels mtudoewq Uhem n

e REMF L B RRAS P oo B Mg ARG prase

| _, maﬂ@?&?#é [QJ gbj containing phase may also be present -

25

i's pref'erred to conduct the epOX|dat|on of
ol efins with hydrogen : .

But it 15 preferred to conduct the epOX1datzon of O]EfTHS w1th hydrogen

20 -

peroxide in a multiphase react1on mixture compr1s1ng an 11qu1d aqueous

hydrogen perox1de rich phase conta1n1ng an organic so1vent hav1ng a

jso]ub111ty in water of at least 10 % by weight at 25°C and an 11qu1d

organic olefin rich phase. Thereby an even better product se]ect1v1ty

“can be achieved..

. As is apprecieb1e by any person skilled in the art the presenoe of two

immiscible 11qu1d phases in a reaction system comprising an olefin, an

water m1sc1b1e organic solvent and an aqueous hydrogen perox1de solution

"_w111 depend on many different factors First of all the presence.of ah

additional olefin rich 11qu1d organic phase will depend on the
temperature and pressure app11ed in the reactor and the selected o]ef1n

'Preferab]y the app11ed pressure 1s at or above the vapor pressure of




20 peroxide in a multiphase reaction m xture 29 March 2007

conprising an liquid aqueous hydrogen peroxide rich

phase containing an organic sol vent having.a

solublllty in water of at least 10 % by wei ght at 25C
offmmfbﬂsﬂ iquid organic olefin rich phase. Thepeh¥pans 010559

even better product selectivity can. be achieved: 25

As is appreciable by any per&dn skilled in the art the

presence of two inmmscible liquid phases in a

the e6iQifii @ratSYRé ebseenséraguee. Guethermora ivwatidl depend on the
m sci bl e organi c sol vent and an aqueous hydro

sepesidancet $b6 GANIC WPIYenTepsAABRe i PrapiIco Efyent are a1l

ok 61! B M 1 oy Bl B s R, o vater ot

. 25depepeefa%rbaear*eew(eawrtenaen&aeereewmaapmﬁamd «m mbhe than 30

reactor and the selected olefin. Preferably t

 wtappin water ek 25°6 prefaratly moes &han 0 ol me@terr atg25°C. The
- 29 March 200 2004/ 029032 PCT/ EP2003/,0105
moeher‘eiferfreﬁ 1\'@\@5 @n8 sSR! ehply B ST 1eRHTY &Pﬁ% %ﬁtp"‘"cw‘e

| a1£" dd1 vgﬁ&eeé Slem g 1e§eatﬁﬁe' 8«'5}1 Qf 56% %Qémi'nc tﬁi)s W@ferred

e as or nic solvent are al sol vent s

emﬂod‘meht/eas hor@n aantiwwtondmmnse Wbmﬂaomenmnenthmtpeesenm of .

25C. Preferred are solvents that dissolve in an anmount

'.tW@fhﬁlﬂi‘@ RIA&AS30 5 wt. % in water at. 25C preferably nore

s o

than'50 wt:2' in water at 25C. The nost preferred
~ solvents are conpletely miscible with water. In

o 'Adamraeam ¥ thal presehcecpr sa aecond Bpbaticd] abiov ¢ clalrphalss il

be used I n this preferred_enbodi nent as |on

' deoompmthesre}etwetamoan‘eagfre efia. prateenand 50 V@% ?he amount -

L8 i, P AL, ROSBELS B e, lerin 0

théeﬂrﬁrb&&u ?:EPobE‘ltd‘é rth 8q@idus. praskein «’iﬂﬂeﬁcﬂo/?@t .thBhdesired

anount solvent is hosen to.achi eve sufficient

_.'raselafbreaamonf Atha gulvefntemparatwre h_\,meegere pelekirdend solvent

agueous phas

S order to g i.red 15°rat |
S ;tth'"er 85EY§ GROUS § g'mseeﬂteeﬁpeqaat J&Péﬁ%‘ﬁ to-engiige; forfation
- of2hbeRBhy elqtqmd orgamc phase. I.e. to ensure the formation of a

‘ -li"'second 11qu1d organic olefin rich phase the amount of olefin has to be

o "se1ected in excess of the amount 501 ub]e in the aqueous phase at the
- 20 "chosen temperature and pressure '
: A s1mp1e means of exper1menta11y conf1rm1ng the presence of a second

U_-; 11qu1d organ1c phase. at the react1on cond1t1ons is by co]]ect1ng a-

"_A:sample of the react1on m1xture 1n a container equ1pped w1th a sight

C25

“glass at the temperature and pressure used in the process _
lAlternatwel y, the reactor may be equ1pped w1th a sight g]ass at a
1su1table pos1t1on to observe the phase boundary directly dur1ng the

. react1on ‘In case of a contmuous flow reactor the swght g1ass is
_preferab] y pos1t1oned near the outlet of the reactor effl uent to have an

optimal control that two 11qu1d phases are present through out the

. entire reS1dence time w1th1n the reactor.
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the relative ambunts of ingredients can be adj ystgsich 8007
ensure formation. of.a second |iquid organic phase.
|.e. to ensure the formation of a second liquid
organic olefin rich phase the anpbunt of olefin has to

wo 200@02088) ected in excess of the anmount sol ubl @CIERAE3/010559
‘aqueous phase at the 20 chosen tenperature and
pressure. A-sinple nmeans of %xperl mentally confirmng -

~the presence of a second liquid organic phase at the
Thus eaperson sildedi tnghe grttycwméboum@na e @ﬁﬁﬂ@r‘afytwl@ther

wneh g 8% Sttt sReBidRurd B SRRt cdh Bpffon
parﬁﬁe‘%%%% t&ﬁlﬁgp?& g\‘\ﬁéé’ systBén fa%aré@h rEBYbyP €he PHeBpRE

a si at a” suitable position to observe
mverhﬁ ophmpr@munwmq/ cdnraljuby bjuvanigitioe of e;hetpamameters as

conti-nuqQus fl ow reactor. the si
. di sweﬁdr@wy Bodetaidntbe feart iafesystan dp Ef‘h€° Péiefﬂ_sa‘éh a

30 optimal, control that two
Secﬁ({qwgﬁghgg%%qéfpgﬁg%sem through out the entire
. residence ti-ne within the reactor. 29 March 2007 VO

2004/ 029032 PCT/ EP2003/ 010559 21 Thus a pers
Accendingetd anmesiepeefiercet enpediientaef) thet Wétseo‘érvantwn the

 o1ebiyArieekr (B3 PhAerkar AL AETERE 18 TRel ofe L for

‘exarﬁﬂ%t PO+ &S re&dy bﬁ%x‘@ﬂré *&Smpﬁ’r‘ﬁs‘lﬁ t rdp@H@ Nige€Raricd, and aqueous |

esent and can adj ust varil a IOﬂ of the: araneters '

'hydna:gendpermsd«echtabmeectmrdeemperatthee rb@&weerbﬁﬂ andnBOTC. a

el 3,505k o e s

| casé’ro?ssnéodt'?ﬁugﬁfs te‘i'hI Ein g)e' §dﬁ%’t66tﬁ‘ﬂ bk OjP&he 'range of |

15

ano 1s used as a solvent. :For

0. 1eb(ﬁllp||§refferatﬂyr gatttooh imi ﬁtdmetooob:banmmgepmmdnqmd organic
met hanol , and aqueous hydrogen perOX| de at a reaction .-

_ Dh3$%n'perature bet ween 30C and 80C, a pressure from5 to .

50 bar the ratio.of propene flow to total fiowm _
-case of a continuous flow system can be adj usted to:be-

An adtitiEnd12Q8¢ phase comprising olefin vapor and optionally an. 1nei-t

-gas i.e. a gas that does not 1nterfere with the epox1dat1on can. be

. additionally present accordmg to the present mventwn -Addi ng an mer't '
20

gas is useful to ma1nta1n a constant pressure mszde the reactor and to

- remove oXygen gas formed by the decompos1t1on of a smaH part of the

_'hydr'ogen perox1de charged to the reactor.

' _The_eresent' *ihve_nt%on will be explained in more detail referfing‘tb_’ the -

25

following examples:

Examp? es: _

— ;‘Examp1 e 1:

Preparatwn of an aqueous hydrogen perox1de -solution to be used in the

process of the present invention
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0.1 to 1, preferably 0.2.to 1 in order to obtab8 prch 2007
second |iquid organic 15 phase. An additional gas -
phase conprising ol efin vapor and optionally an inert
gas i.e. a gas. that does not interfere with the

wo 20eqsidat i on' can. be additionally present.. addOi/EPIGIHWSS9

the present invention. Addi an inert 20 gas is
useful to mmintain a consta pressure inside the -

* UeDbripbeldh Bhenl TaF e FORRATofeSy RECOTpRSLFR e

‘antHr% &Wﬂoﬂ@rpdoﬁFE%“*ototﬁdqg ﬁﬁrdt n oWWﬁydﬁddehePérOXTde

entlo be ex nore detail referring

commostrlgethefz;ﬁept Itwdrogerataon] @i dﬂxmml estracEmn:pldeying and
30 Preparation o

: n aqueous hydr
. regeggrafiopna t\erammeeﬁltwnt ﬁeﬂpﬂseg Qfg 85k a\o {Lezmteytnf

RO 735 01 28R BRI Regyoe G 1

2-150h@OAS SnBragu ok, tahd 012 afh 1T SZiisOROE/ IPLEERSS for
the preparation of -hydrogen peroxide ‘conprising t he

- hydrepadwanytnosgetiatai ol veski m,retﬁuoe caprii g @h, veld iofighs/Cro

st SEERE, A LB TS S W RS2 Ao

N phosbﬁadéiashdﬁedoaqh Eh@fhy rB&@Hht19n1§td§g|éllooB FERRYhas run at

~ant hraqui none, and 127 mol /1 hexyl "tetra-
a hyldyetremapreeanelofoﬂeBS MPa ad \aebemperatures of o5YA. sPablaZﬁum

- plackRlE0 G A Laekias, ARG NS IO GSIARE. | Che budrotn
10 o
 percidi: UGS PABRE 1P B 5Rrder B96n LERCIE %Z‘fa[ﬂ?e_agf St

58C Pal l.adi um bl ack (O 5:1 g/1) was used as

hydrogenatlon catal yst. The hydrogen. :
o ATiteRI U hydragREakAR: oy eAREti o thashydsogeagtied Working

sk R CEARReRL e B ol SORELTRAGHREY. ”%

fcomb¢hedd@erﬂThg'§§Tdﬁﬂbn ihexidized using the. Laporte ox1dat1on as

‘ _descr1bed in G Goor, J. G1enneberg. S. Jacob1 "Hydrogen Perox1de

25

30

- sodium.-

:U11mann S Encyc]oped1a of Industr1a? Chem1stry, E1ectron1c Re]ease 6th ) = |
ed. Wiley- VCH We1nhe1m June 2000 page 14. Thereafter the hydrogen '
'perox1de 1s extracted us1ng de1on1zed water To the- extract1on water 50

ppm H3P04 and 20 ppm- HNO_,, were added, both based on the we1ght of

: hydrogen perox1de The concentrat1on of the extracted aqueous hydrogen

perox1de so]ut1on was 41%. The workang so]ut1on ‘was draed by water

: evaporat1on <in vacuum, and thereafter recyc1ed to the hydrogenat1on Q: .
step The crude hydrogen perox1de solution was stab111zed us1ng 200 ppm-,”]_“
sod1um pyrophosphate based on the weight of hydrogen perox1de and

: concentrated in vacuum by water evaporation.

The hydrogen perox1de concentrat1en of the so]utton obta1ned 1n o '

‘this way was 43 wt-%, based on the total weight of the solution, and’

containedAZSO_mg/kg H0, phosphates, 20 mg/kg nitrate, and 30-mg/kg,of"-




conbi ned working solution is oxidized using thegmarch 2007
Laporte oxidation as described in G Goor, J

d enneberg, S. Jacobi: "Hydrogen Peroxide" Ul nmann's
Encycl opedi a of Industrial Chem stry, El ectronic

woﬁai/m&e 6°h ed. WIey-VCH Winhei mJune 2@QG/ER2agm10s59

10

14. Thereafter:. the hydrogﬁ£3207peroxide is extracted
usi ng dei oni zed water. To.t extraction water, 50 -
and 20 ppm HNO3 wer e added, both based on
-8 parative £XamIgsi 1B The concentration of
the extracted aqueous hydrogen peroxide sol ution was
41% The working solution was dried by water

A ertaptuasiDivate etelyst waskiphey@ifinesl T exyfpRe .t Dhé ttﬁtamum-

hydrogenatlon 25 step. The crude hydrogen peroxide’
sTkisRte ipondeta wast Sisped Zudoud iMgeudspes usaag umsilica sol as.

R R ;r%aut'wn .

s HIRIEH GRRBTE e G GHIOIE bPRerOLohtSRLIN] 89 vater

obtained in his way was 43 wt-t, based on
evapergtionofo tmew’sd{ ution, and 30 contained 250 ny/ kg

. H202 phosphates, 20 ng/kg nitrate, and 30 ng/ kg of
sodium . ------ooa--- .= 29 March 2007 WO
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.. .a reaction tube of 30 .
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propene. reacti on. tenperature

| 1'was adjusted to resu]t in a propene concentration of 38 wt-%, a
e methanol feed concentratton of 48, 7 wt-% and an H0, feed concentrat1on
fiof 8 wt-%. Furthermore the feed conta1ned additional components either

20

‘resu1t1ng from the crude th (250 mg/(kg H,0,) phosphate 20 mg/(kg H,0,)
."n1trate 30 mg/(kg HJL) sod1um) or were added to the methano] as
‘ 1nd1cated in tab1e 1. ' '

n_JtIZWhen perform1ng the exampies and comparat1ve examp1es the f]ow mode was -
"f_ésvpdownflow and the cooling Jacket temperature was adJusted to 35°C and the
B ~total mass flow was 0.35 kg/h. The product stream was analyzed by gas -
'chromatography and the Héy conversion was determ1ned by t1trat1on th ,

'seiect1v1ty was calculated as the rat1o of the amount of propene ox1de

re1at1ve 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.




controll ed via an aqueous cooling |iquid circubgiidich 2007
in a cooling jacket 15 whereby the cooling liquid

tenperature is contraolled by a thernostat.
pressure was 25 bar absol ute.
was adj usted to result
met hanol
% &Ad an. H202 feed
Furthernore the feed
conmponents either 20,
“fromthe crude H202 (250 ng/ (kg H202) phosphate,

react or

wo 2008AHe80 punps
: -concentration of 38 wt-
concentration of 48,7 wt-
concentration
Tabbmrit ai ned addi ti onal

.of 8

%, a

wt - %

The
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Mass flow of the-
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ng/(kg FQOZ) nitrate, 30 ng/(kg FQOZ) sodlun) or were
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gas| chronmat ogr aphy| Ewglkgh0)202 convergion-was = | .- .-

- Edetprmned. by titrali oy, 202 |selZ2ivity vas. 90

calbulated as the rhtio of thelamunt of praopene_gxide
EBel Hti 28 to the totpl Mﬁoﬂﬂl of pﬂ%%éhe oxi d® and | 90
ot hihr cida nrnrlncts r.ocd Iti Frnml 'rhle -
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- E% CT| EP2003/ 010559 24Nyéﬂpﬁﬁ ﬁrﬂno nt o?ﬁinou t- ofg
Epunpning H2Q2 H201 [Fong@pri@nds pf essepongnt's 94 e 920
_Coners-_Selectiv.. group iii) afdded of gfoup rh1_|nn
CeY y Nard/7 kg Heoa] i) [ ~100X] g/ 49 H2p2) BB g 90

20QL 729 QA ﬁE I\ Ef\f\ n/u: DL gf\ . lﬂ-
| CEZoolNart’87’ g9 Es|- . Ongiopo PRPa of, o 183 VAN
- _CEBVUNa“Zﬁ%'Y."IrS_G’U 0 | 82 |76
B4 [Na20+Li50 | 0O Zigs | 28 Rz
CES [Na 20 + Li 100 0 842 ‘7__‘85;}¢, : o 78;_‘ﬁ

.CE6 |Na 20 + Li 100 -0 2134 45 . - 637,'
CE7 |MeN 150 T 0 | 380 2| 4

"CEB [MeNH, 100 N, 1000 7142 B RN N I

| pk; - data for the n1trogen bases pub11shed n H.R. Chr1sten “Grund]agen

der organischen Chem1e Verlag Sauerlénder Aarau, D1esterweg Sal]
lFrankfurt am Maié; 1975 ; p. 392 are given in tab]e 2 » R
~ Table 2 | o
- Bases- | Pk
W, A6
Me N {trimethﬂ amine) 4,26
Ve, | 3.36

10

- MeNH, (methyl amine)
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CEl Na 170. O 48 98 90 CE2 Na 170 0 619 . 88 35 mMmdetn3007
Na 20 + Li 50 0 745 82 76 CE4 Na 20 + Li 50 0 2184
28. 71 CE5 Na 20 + Li 100 . O 842 815.. . 78, CE6 Na
20 + Li 100 0 2134 45, 68 CE7 Me3N 150 . 0 380. 42 74 ‘
wo 20eiEohNH2 100 NH3 1000 2142 21 82 pke - dat ad[mmhhﬂom«s» -
‘ni trogen bases published |n H R Christen; "Gundl agen
5 der organi schen Chenie"; ¥erlag Sauerl ander Aar au.
" Diesterweg Sall Frankfurt am Mai n, 1975 ; p. 392 are
Wheg.cmpammgt Etamp]l @ 4Tabtle Comparats vekexampHB L itebeqmsesl evident

Ve NH2 .36 10
thabt\ B REHBINOVES 2b8amarnimsporo s oD BB asirss
con ‘?oﬁ%% '@Qtﬁ?‘ﬁ: he zﬂmlﬁ%ﬂ R deRPRENAt THE E%ﬁm%hs why the

cones evi ent at at the begl nni ng of
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i dentical.. Thj.s expl-ains why
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process a -considerabl e reduction of conversion and, -
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' exarﬁﬂ@ﬁaf Bt Ve s]a@wel?I'I-‘ih'[l!th:I‘i?eS aﬁdﬁ!’i@nsoﬁ hané Nlset f‘rﬁwﬁlﬁé' 4pRD of

am ne bases havi ng a-pk5 less than 4.5 | eads to
Iesa thamﬁaﬁdb&m:lsr taalm:ltr'emem[bus: medecmmnoﬁrumnverm on. and

select1 Vi ty over time.




selectivity over tine. 29 March 2007 WO 2004/ 83983 2007
PCT/ EP2003/ 010559 26 Clains 1 A continuos process

for the epoxidation of olefins with hydrogen peroxide
in presence of a heterogeneous catal yst pronoting the

woiﬁoﬂggmz dation reaction, whereby the aqueous PEXGAP2ANTI/010559

s

m xture conprises: |) an alefin; ii) hydrogen
peroxide; iii) | ess than 10@5wppn1of al kali netal s,
earth al kali netals, 10 both irrespective whether in
toni c or conplex forn1 bas€l®i®s cations of bases
having a pke of less than 4.5, or conbinations
thereof; and iv) at |east 100 wopm of bases or cations

Y t heéjgg?ﬁ 9@&’ \m-%;:g%@‘f%ﬁ e @E%»kﬁf&%ﬁoﬁ O BlefEWMER 'h?)ﬂﬁogen

e wppm are based on the total -
- wei grbxiafe Imotir@geme m‘rm)hediermgenebes reatall ysin pwrnumtum the .
2. The process of cl alF‘n Wq?ﬁ n the anou
con?f’@ﬁbd%téobff‘%w i Whereby the Aqupus é‘§§‘3'ﬂ$’<§h'“!3’§u"§o
- WP é&npﬁ{cﬁ%ferably | ess than-70 wppm nore preferably
| es 560 wppm and nost preferably | ess than 50

wop baspdoperiinie total wei ght of hydrogen per oxi de.
.- 3. .The process of claim1l. wherein the reactiaon ‘
* mi xtidr e hydnpgens peroxislet i i a) [ ess than 50 wppm al kal i

0 1S5 S 07 i e G, me€AYEY) A8 gdricheedns,

al kal i ngyq %ﬁfmeggé@ﬂﬁeewretﬁéesmnﬁom eat EGMIEXCforn. bases or
-complex Torm ‘and 11ib) |less.than 50 wppm of .am nes

" havi ng aapkénofofl basest hmng & phg OBOesmd:hanr#eﬁspOhdl ng
_protonated conp uno_[c?‘ otal;
combi natwns ereo ; and’
vy at least 100 wppm of bases or cations of bases ha\n ng a pkB
7 of at 'ieast 4.5 or combmatwns thereof,
_ whéreby_ the wppm are based on the ‘total weight of hydrogen

* peroxide in the reaction mixture.

- 2. The precess of c]am 1, wherem

20

25

: 30

. the amount of camponents of group 111) in tota1 is less than 80 |
wppm, preferably less than 70 Wpp, ‘more preferab‘iy less than 60

~ wppm and most preferably less than 50 wppm based on the total

. weight of hydrogen per‘ox1de '

3. - The process of claim 1, whef'ein the reaction mixture comprises

iiia) less than 50 wppm alkali metals, " alkaline earth metals or
| combinat1ons thereof in tota] 1rrespect1ve whether the
~alkali or a]ka11ne 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‘correeponding protonated. compounds in total: o
whereby the wppm are besed.qn the weight.of hydrogen peroxide.
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wher eby the wppm are based on the weight of hydseass 2007
peroxi de. 29 March 2007 WO 2004/029032

PCT/ EP2003/ 010559 27 4. The process of any of the
preceding clainms, wherein the anpunt of conponents of

: wozo?{,@y&il V) in tot al is 3000 wppm at  nost, . prrefEERIN 010559

50 to 2000 wppm nore freferably from200 5 to
1500 wppm nost preferably 44om 300 to 1200 wppm based

" on the  total weight of hydrogen peroxide. 5. The

process of any of the preceding clains, wherein the

. Zﬁr”ﬁé%?&é%s°éﬁga&§h“§e%%ﬁq%%§' TR

0SS YHEOES, 4T0 4 i 110 o

e ‘process of any of

o t hfog¥, eprstiehabhy &rom,150hts @000t kyEpm, crord @nefembawufeom 200

urther conprises 15 v) at | east anlo
goh@?&ﬂﬂ@:ﬁﬂlatm@énpﬁﬁf%é'ﬂ)ﬁtfé‘olﬂo”]of gP\rl]ﬁ%ﬁ] i Th Sth%{} ’?he
ased .on er oxi de e
pr 68kalsveid nﬁfdﬁafﬂﬁgbpéﬂéﬁgﬁg CFaIﬁB wherein 20 the

reaction is perfornmed in a continuous flom/reaction
system wherein the reaction mxture is passed:

- . thiheigioeeds wédanyadélthet pre;mhnﬁ ci@Nims § [Whereper at i on.
node and the reaction. he is at_l.eas
e ¢ S5 3 ae hlebES o SRRl Ypines and

ﬁ@fﬁﬁ?lﬁértmggg{8k7  ofAETRiR a4 g X%ﬂgéhﬁ@ hfdrgx9M amines har1ngl

Ag means i's used The process of

: cI Al PR, Df whereash 4.1% émmoauiabimﬂ hgdipod annea tubul ar

reactor and the cooling nmeans is a cooling jacket. .30

29 March 2007 WD 2004/029032 PCT/ EP2003/ 010559 - 28

The process of any of the preced1ng claims, where1n the react1on

‘mixture further comprises o
T V) at least 100 wppm anions or compounds that- can d1ssoc1ate to
' form anions in total based on the we1ght of hydrogen

perox1de.

. -'The process of any of the preced1ng c1a1ms where1n

the reaction is performed in a continuous flow react1on system
“where1n the reaction mixture 1s passed- through a f1xed cata]yst
| bed in down-flow operat1on mode and the react1on heat 1s at least

part1a11y removed during the course of the react1on

" The procees of o1eim'7,'where1nfa fixed bed reactor comprising

cooling means is used.

Thenprooess oftclaim 8. mhereio the . fixed bed reactor ie‘a tupu]or |

reactor and the cooling means is a cooling jacket. .
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10. The process of any of clains 7-9, wherein ©Y9®1arch 2007
reaction mxture is passed through the catal yst bed
with a superficial velocity from1l to 100 nih,
preferably 5 to 50 nmh, nost preferably 5 to 30 mh. 5

wozdo'mi@ﬂ?z process of any of clains 7-10, wher ei pBCTHP2003/010559

reaction mxture is passed through the catal yst bed
with a liquid hourly space 2fel oc:|ty (LHSV) from1 to
20 h-', preferably 1.3 to 15 h''. 12. The process of

10 anyThef pmmssrsoﬁacm ofnadation 7t he wheretn &aearwtmedmxture is

in.a,tr.i kle dstate

1.0
pr d@ég %L?glginﬁng: t\%%?te ed with, lwgafyth] vpiomty from 1

2,00 and%%gér gj QV\%&Ogg;nth @ggg grle?éﬁcatl)g 5 o 30 w/h. |

gaseou's superficial velocity defined as the gaseous

flo rate in mM/h in he cgidag usfl%/react on. ' -
11. sysi!enprcnc@ﬁaézf BELYtheC aHss WPBFRBE %el‘%a&ttapw“tu"e is

Geransi Torofdh bud Sraraffag, bR BT i HhoutiiySpace

conjd]peus (ESY Femftll €6 Zy at'erpréiferatsly by3tie 15 hl.

. Cross-section of. the, catalyst bed in n?, 1,p. %

((PCI( Pi IIl _ [IPWJ PALr /and "L P~ [ff()fl2] PG

2. 't ﬁeﬁggwgq%g;stcﬁ? gﬁ%tq aﬁ?ﬁuesgﬁsgﬁhaﬁewn%e ?dxegv\,:qtlsaﬁyst bed

Lair,

rch 2007 WO 2004/ 029032

- th%sdﬁélﬁ;t*a@af 5@@5 YriRI@el statBA r s the density of

PCT/ EP2003/ 010559 ,
The process of c1a1m 12 wherem tr1ck1e bed state is mamta'med

under foﬂowmg ﬂow condztwns

© U 6fk <2000 mhoand

:-L\p < 50 m/h.
' wherem . o _
""G is the gaseous super'f1c1a'| ve10c1ty deﬁned as the gaseous flow

,rate in m*/h in the cont1nuous ﬂow reaction. system divided by the

',:'cross sect1on of the catél’i.\l!it bEd in me,

20 s
. ‘ j. . rate . m m’/h in the contmuous flow reaction system d1v1ded by the .

T

Ps'. is the density of ‘the gaseous phase in g/cm®,

',A.L 1s “the 11qu1d superf1c1a1 ve]oc1ty defined. as the 11qu1d flow

.. cross- sect"son of the’ catalyst bed 'm m2,

P is the density of the Tiguid phase in g/cm?,
Py is the density of water in g/cm?,

" pw s the density of air in g/an’,
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29 GNis the surface tension of water in dyn/cgghﬂycﬁ§ogz

the surface tension of the |liquid phase in dyn/cm
is the viscosity of the Iiquid phase in centipoise,
PWis the viscosity of water in centipoise. 5 14. The
process of any of clains 7-13, wherein the reaction
tenperature is from30 to 80C, preferably from40 to
The process of claim 14, wherein a
‘?8%0@/3'%?”6 profile within the 10 reactor j i L/EP2003/010559
mai nt ai ned such that the coolang nedi um t enperature of
the cooling neans is at |east 40C and.the maxi mum

t enpergt ur s the tsairPacehters drab¥ Shtdredn idgnRGC at the
nost. 16. The process of any of the preceding clains,

wher eion t h&s teacurtite tesinxetitbe ddduid phaselin dyn/cm,
conpri,ses: l ni T ocess of
Crarnaes habe MsReer sl FRCAMLo olfos, I SaRRSER

nul ti phaseis ¢hetviistosiixofirvateormrdent fi@isa i quid
aqueous hydrogen 20 peroxide rich phase containing an
organi c solvent having a solubility in water of at

li@ast TAD %&‘ésw By oﬁtdgﬁl@. ang, %eréinq%edr@d'c@%}i c
ol efin r|ch phase. 18. The process of any of

cl ai mempgrafige 175, Tugied®itn 80R€. orefenally P®msé) WerﬂO"E S
nmet’hanol . 19. The process of any of the preceding
clainms, wherein a titanium containing zeolite is used
ds. caflsd ;osdices§0)f26fla1iﬁ Hiel, prheeeiss a tempart@fe prdFile within the
precedln% wher ei W1tﬂe olefin is propene.
reactor 1n ma1hta1ned such that the cooling medium temperature of
the cooling means is at least 40°C and.the maximum temperature

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

16. The process of any qf the preceding c}aims; 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 1iquid 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.

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‘c1a1ms. wherein a titanium-

containing zeolite is used as catalyst.

20.. The process of any of the preceding claims, wherein the o]ef1n is

propene.




