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WD 2004/ 050233 PCT/ EP2003/ 050875 PROCESS FOR THE
PREPARATI ON OF EPOXI DATI ON CATALYSTS The present

WO pwe05i2631 rel ates to the preparation of an PCT/EP2003/050875
epoxi dation catalyst and to the process of preparing
al kyl ene oxide with the help of such catal yst.
Background of the Invention 5 An epoxidation catal yst
is understood to be a catalyst which catal yses the
manuf acture of an epoxy group containing conpound. A
wel | known process conprises contacting a
hydr oper oxi de and al kene with a heterogeneous
epoxi dation catal yst and wi thdrawi ng a 10 product
stream conpri si ng al kyl ene oxi de and an al cohol .
Gabatysster frae mrhearomnol @€t EFOSINHTIAON RPEDMBETEI OUp
cont ai ni ng conpound, are well known. EP-A-345856
describes the preparation of such catalyst conprising

ti tgpl !;JH&éé%tC herdgabnCcadibicRat tOnnw bheph:S@hbA S 1 ca
15 and morganlc silicate. The preparation

2R oTRSY Rk Q2 ?Jrﬁbsrteﬁﬁ‘at‘f%&hﬁ %‘f‘?qeéﬁu cﬂfﬁﬁaﬁhﬁgw th a
aSkylRad 0%igAwEONSthe heapidinsteh rachhost de preferably
2SO roiusi ng, @ [ I%[tnt. as, (b) calcining the obtained

p (a), and (c) hydrolysis of
th@rpegdxliﬁat@bnsctas;al(yby is 20dFhetcstdr tamofa | nert gas

fag,ide ctaHEf}ée%ntBé r_n?anugfgg 18 k0L, thegaseous
t niumtetrachloride or suc use, the gas is to
gb@uqam@émmm gorrduad vl WP lilakgen aFounts CPREFESSS a

c@x@@dt"l‘f@u§ Hydr8p&8dxila8. élﬁ@raq\kleﬂg vhl"k% g5 selectivity of
oxi dat’i on ‘processes in anera nor e

he hetqdeneart \FPOF IR T008s SREEIVSE Bh wesa?vgﬂgoﬁ of
p@b&ily&teﬁErezQﬂ(Id&;QprM&.rngHmﬂyl&bn&I ople and attaiaehbve way

to | e¥§s Of‘Fohl ﬁ%e 205 %)?%u%%Og%%nngo;EZOOS/ 050875 -

containing compound, are well known. EP-A-345856
describes the preparation of such catalyst comprising
titanium in chemical combination with a solid silica
and/or inorganic silicate. The preparation comprises (a)
impregnating a silicium compound with a stream of gaseous
titanium tetrachloride preferably comprising an inert
gas, (b) calcining the obtained reaction product of

step (a), and (c) hydrolysis of the product of step (b).
The stream of inert gas also has the function of a
carrier for the gaseous titanium tetrachloride. For such
use, the gas is to be present in a relatively large
amount.

There is a continuous interest in improving the
selectivity of epoxidation processes in general, and more
specifically of processes for the preparation of alkylene
oxide. We found a simple and attractive way to achieve

this.
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The present invention relates to a process for the
preparation of an epoxi dation catal yst, which process

wW@e upsees | npregnating a silicon containi ng CBCTER003/050875

with 5 a gas streamconsisting of titaniumhalide. A
catal yst of inproved selectivity was obtained even
t hough the carrier had been in contact with the sane
anmount of titanium halide. Detail ed description of the
invention 10 The catal yst of the present invention is
obtai ned by inpregnating a silicon containing
carrier. In principle,_ sany silicon containing carrier
is suitable for use in the preparation process
suRRS Py ANgntord gL pEesent invention. Exanples of
‘mﬁ%mr‘wnra“ﬁ’ﬁ“carrl ers conprise 15 zeolites.
Pr 8rerraisEgnt tHEeBF e gR1RBIT NP NRFICEFET ERT iteea
prebhb @ AbLET &1 epgkidi&ﬂoﬁaéé’iﬁry%tw xlnllcﬁlubs&@égg ally
consi st of silicon di,Qxide. However, nted a unts
P EHr HOPTEUIIOOAGR S B SO O SART A g e
a phesetteads cordilstinf 4i tisakhowhalhdd. cont am nants can
oI SRS S REELALIIRGE O (0% L DB PRLP s The
si {1 €A cdrri er use in esent Irnventi
thpughetiablopreoen auaplsb%ﬁn s contEZQOWhPmtde sath um nor e
ang& ¢i §cally; @t Ha®$he 1000 ppm of  sodium Further, the

ica carrier preferably conprises 25 at nost 500 ppm
Dqﬁﬁl&ﬁ@rﬁqﬁcmwtmn RBSENSEDVEREASF cal cium at nobst 200

ppAnefc él%tl§§§|dﬂnthétpﬁg%%htlﬂgrem@ﬂb@fls FBgASSddImyand at

nost 100 ppm of iron. The anounts are based n anount
lr%ﬁreea?*ﬂf@r 2 Thet SR F%’étac?‘é‘llP? e?arﬁ|18FErIdblp§l?%lp %ilica
argelsilTben c&ﬁtsiﬂﬂn@acgﬁhecrauslmltfabneu&ze: uRet ire theesent

i nvention can _in Cl r.i ved
pl?erp(?ﬁa%\l%rll IS C6R°° cagn 5‘|§]ln| g gg-ll %Pgsgenérng%ng - i ca
Expaipd ear ef ®idotém ,congabrigivogsrioiny gmmy't@leous silicon

SH19de shshi-nou) shad ¥19;2004LQnQ233, PCHERZPOY Q50875

silica carrier.

Silica carriers will substantially consist of silicon
dioxide. However, limited amounts of further compounds
such as contaminants can be present as well.

It is known that contaminants can influence the
pefformance of the final catalyst. The silica carrier for
use in the present invention preferably contains at most
1200 ppm of sodium, more specifically at most 1000 ppm of
sodium. Further, the silica carrier preferably comprises
at most 500 ppm of aluminium, at most 500 ppm of calcium,
at most 200 ppm of potassium, at most 100 ppm of
magnesium and at most 100 ppm of iron. The amounts are
based on amount of carrier.

The silica carrier preferably is a silica gel. The
silica gel carrier for use in the present invention can
in principle be any carrier derived from a silicon
containing gel. In general, silica gels are a solid,

amorphous form of hydrous silicon dioxide distinguished
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3 fromother hydrous silicon dioxides by their mcro-
porosity and hydroxyl ated surface. Silica gels usually

W@ o0vas0233 hr ee- di mensi onal networ ks of aggr egaP@HEP2003/050875

silica particles of colloidal dinmensions. They are
typically 5 prepared by acidifying an aqueous sodi um
silicate solution to a pH of less than 11 by
conbining it wwth a strong mneral acid. The
acidification causes the formation of nonosilicilic
acid (Si(OH)4), which polynerizes into particles wth
internal siloxane 10 Ligkages and external silano
groups. At a certain pHthe polymer particles

frag%@%t ﬁydml%r ebyiddr ma&d‘e@abpst@m nidid-mately gel
networks. Silicate concentration, enperature, pH and

POl it @Neli BYFTOKY LRlRsliISHAT ac Rt Patica g@#ﬁ. wpalilie and
cobtaad t@@lee%&feaﬁﬁ.&ﬁdls thke€foSUC BrasgghRode8sidiYica

strength radn surface ar ea and ore ol une. The
pabLETa 15 Aorager ¢ By Sota T Sy e a P o
prebecdd @b/yhesdlfqbﬁn@daramma@ds \satitahn s@klﬁd&tabl e silica
Sogegécar r| er }y\%%l gess Skhi f bsuggl% §%3g¥ DAVI CAT
I rom

are conmer c a ava Grace 20
stbavd S‘@meralaqslal géhe caidiEFentiion cawssisntiihe present

folrﬂg@md QR m&{oeélqaépigyc laeys BsiWBL O, aweLage particle
size of at most 2 milimetres. Particie sizes which

podgrer fzmsndnto detiebpeoih | inteynahbiidonene wei ght
11%\&?%9:? %nea%!;&ecﬂfn%flséf o9f ?Z&Jsf Ot & 2:el0a iy &M MOM €

spe i cal rom mm nost specifically
pogime¥ crmrc.f;lel% aﬂglle?ﬁﬁerThée@ﬁY Eormigentchihgrdarri er

niRkREedBPLY¥1 hast @ rkow slwat:sfe %ﬂtssmramgﬂ cont act ed
with the titanium halid A ow wat er content can be

tegpRr AV i R AP Wa§ mowfse%%le%ﬁé 2kf¥9%d in the

gedlltng A ipiee bl rﬁdlaWeIJQﬂﬁBf:a&ﬁﬁ'lsﬁ[g’s nsglchh@s silicon

oS0 G ShaRELer SiLEBLERE L ohbe 1| Toon

volume. The resulting hydrogel is typlcally washed free
of electrolytes, dried and activated. A suitable silica
gel carrier would be silica support V432 and DAVICAT
P-732, which are commercially available from Grace
Davison.

Silica gel carriers for use in the present invention
preferably have a weight average particle size of at most
2 millimetres. Particle sizes which were found to be
especially suitable were weight average particle sizes of
from 0.2 to 1.8 mm, more specifically of from 0.4 to
1.6 mm, most specifically of from 0.6 to 1.4 mm.

The silicon containing carrier preferably has a low
water content when contacted with the titanium halide. A
low water content can be achieved in any way known to
someone skilled in the art. A preferred way comprises
drying the silicon containing carrier before impregnating
the silicon containing carrier with the gas stream

consisting of titanium halide. A suitable drying method
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consi sting of titanium halide. A suitable drying
met hod WD 2004/ 050233 PCT/ EP2003/ 050875 4 conpri ses
W@ aiessng the silicon containing carrier to BCT/EP2003/050875
tenperature of from200 to 700 C. Surprisingly it has
been found that drying under specific circunstances
gives a further inproved catalyst. The preferred
drying 5 conditions conprise drying the carrier at a
tenperature of fromnore than 200 to 300 C. The
drying is preferably <carried out during of from1l to
8 hours, preferably in 4sthe presence of an inert gas
such as nitrogen. The preferred method has been

coﬂsﬁgésb%qbﬁ&mgetﬁeetsquhcw &Qt;&wéw&@ﬁ%ng

application clarmng priority of European application
teppoying g, af omyRPhere (TRPr Fre FERPT WHEIdBsEY VEE i f t he

beSh! 6O tEQOLRIYALYQurfRll bféciad beeiunsubhesd @dvtko a

pretreatment conprjsing calci he silicon
a éBﬁ’f}éﬁ’hllﬁ‘Br%‘éerdr Cara by - 180 %Lﬁi?g ’g?‘Fi Y9 ol ysi ng t he

condl tids ebmpm13&ddrb®hb'mhysmarrleonaﬂ|a5&9mb@f&ﬂﬂrﬁg t he

rrier w r.o t eam |y
oI et St e LS by
carheedhyqjxtoldysus; torifedtorenit toe§ hovmpr i Brefgrahbs Hiong

il Fi‘éé@{&te H?ﬁ'aﬂglﬂgr@ %Ogécﬁ%ls%hm@fbg%fn argg neral 20

agueous sol ution of an annnnlun1salt or a

Prééﬁﬂ%tlﬁeého‘# Hersebeen APpChilet 1RhFere Feghtl st 1P~ be

péﬂ&@ﬁ&rBaﬁ%EEeépﬁﬂﬂ%aEY@H‘HI&ﬁhﬁhg|p&16ffﬁy3b§btyrdﬁﬂiﬁved
bef or e treatln the carrier further. Water is

anRldFarian 4 ed-by drying. Preferably, the
camflﬁna:the@nlm@rmménedvas%bmﬁvedt if vtel atlvedry hi gh

t t f
SEREIR Ui b LSl b Salelrel o LrSaLIR,
camprpeird weécbhirgt theastlito0 ®nt(ab)un¢1ymr@ttysmgi t he

Lﬁoaggghgﬁﬁégmga_@@lg% Cald I8 rlélc)obwme%qn@%apwm

arrier btalne In 30 ste
CQeraﬁﬁ%mr@@ﬁFag riheg CRRpirEgHath ﬁ@tﬁae?ﬁ S eam.

Preferably, the hydrolysis is carried out with steam.
Alternatively, the hydrolysis treatment may comprise a
washing treatment using an agqueous solution of a mineral
acid, an aqueous solution of an ammonium salt or a
combination thereof. Any water which might still be
present after the hydrolysis, is preferably removed
before treating the carrier further. Water is preferably
removed by drying. Preferably, the calcination is carried
out at a relatively high temperature. A preferred
calcination treatment comprises (a) calcining a silica
gel carrier at a temperature of at least 400 °c, (b)
hydrolysing the calcined silica gel carrier,

(c) impregnating the hydrolysed carrier obtained in

step (b) with a titanium-containing impregnating agent,
and (d) calcining the impregnated carrier. Preferably,

the calcination of step (a) is carried out at a



10

15

20

25

30

and (d) calcining the inpregnated carrier. Preferably,
the calcination of step (a) is carried out at a WD

wWQOm408986233 PCT/ EP2003/ 050875 - 5 tenper at uP€T/BP2003/050875

from450 to 800 C, nore preferably of from500 to 700
C. The silica gel carrier for use in the present
invention preferably has a surface area of at nost 5
1000 n2/gram nore preferably at nost 800 nR/gram

nost preferably at nost 500 n2/gram Titani um halides
whi ch can be used in the process according to the
present invention conprige tri- and tetra-substituted
titani um conpl exes which have of from1 10 to 4 halide

tenpatdtuend s fohhssde o go@isrder,, of ptrlg%er%ibsg tuents,
fig qgé, behggoalkOX|de or am no groups. d €|tan|um
hal' i E3n'BE Either a single titanium halide
corfffeundlora gl berd e Xé1iReOin tﬂhfeaEEé%@rPcm i de

; d referably, the titanium halide conprises
lgfggﬁyépeégﬁg%§§£$@;h%§¥atFTEﬂﬁcﬁn?f%ﬂ!ogcﬁFcWQ%ie, nor e
18p@ciZ/geah) yorat ptERshb TP Moof ddot ARV most
tetrachloride. Most _preferably, the gaS stream
PEYIRSEELE 3F mostaPUm?/eram.achl ori de. The present

| DARGh i DAL S ARILANLA0RR! Lk LheenZ BuefLLler Wi
,gas gonsi sting of titanium halide. g rprisingly, it

FEF FBENTe (et PESTSAty SRVERRPAGCIIRgier txlel @otivity for
tetre-gebbt Bhtakkyl ene uaxésg1eass dhen 9@&@0&99;&& it he
R R T R WAl P fotorrigoes b i ati on
seRatdrtdenies t 6 £t hey phesentalikoxeas icn ansns afrougd. Y i n
o ey chaary i 3l Pt Rl 1 or
CYEROUPAt oF feEineBe v tt xthee iafpkétardtumohal Hawever , |inited
céﬁﬁyﬁﬁh§.cﬁrékgkgﬁﬁy, Qﬂée£§ﬁén§8ﬂrﬁgﬁlgg égﬁ%f%gggvg¥j to be
least 50 %wt of titanium tetrachloride, more specifically
at least 70 %wt of titanium tetrachloride. Most
preferably, the gas stream consists of titanium
tetrachloride.

The present invention comprises impregnating the

carrier with gas consisting of titanium halide.
Surprisingly, it was found that catalyst having higher
selectivity for the desired alkylene oxide could be
obtained if the silicon containing carrier was
impregnated with gas consisting of titanium halide. The
preparation according to the present invention is carried
out in the absence of a carrier gas. Without wishing to
be bound to any theory, it is thought that the carrier
gas interferes with the impregnation. However, limited
amounts of further gaseous compounds are allowed to be
present during the contact between the silicon containing
carrier and the gaseous titanium halide. The gas in
contact with the carrier during impregnation preferably

consists for at least 70 %wt of titanium halide, more
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30 present during the contact between the silicon

containing carrier and the gaseous titanium halide.
wab®40se33 n contact with the carrier during PCT/EP2003/050875

i mpregnation preferably consists for at |east 70 %

of titanium halide, nore WO 2004/ 050233

PCT/ EP2003/ 050875 6 specifically at |east 80 %,

nore specifically at least 90 %, nost specifically
at least 95 %w. CGaseous titanium halide can be
prepared in any way known to soneone skilled in the
art. A sinple and easy 3 way conprises heating a
vessel containing titaniumhalide to such tenperature

speBakidd18 yoasenustt b6 apiymbal Isgeciﬁcaqkiyas@%ast
General Iy, the |n'pregnat ed carrier wll be cal cined

903/t s UkRseq SRPE IS CRYHY Gty s hEPoFBE be ng used as a 10
cag@éé/osis ﬁhfzaﬂlslmbﬁlai:ﬁiéedaﬁ_rk];ﬂi_ p@lé%)‘ﬁi*ér’]tﬁg.hoﬁni e«m%?/es_ ;
rogen hali nor e, specifica , rogen chloride
SR TP R Oh PoSEt: H-of FHERAR ARRIEAde. and
was/ chxﬁlmnsce@n‘p@mnd@ preseal omidieisgriiaceioh Hdldde
toSISI I mpce?:Q et tﬂgt t%xrerl eg? %5 tIlE§nﬁl% Ihgmfée
caPEl natFon he 1 np carrier gener
okgenped ses subJ ecting the i npregnated carrier to a

teppeLalure ofe q'inpkg%a& QOQaIQleMﬁﬁ%%i&laJeldy at

| east GOOC Pr ef er abl % he calcination is carried
ansy subggaue it FpRiEehy e PeiPr ¢ RedPIesTPLasFRom a
céﬂé@?gtcedt 29 B@Hﬂ@ﬁe@ftﬁéteﬁhléindtioﬁrﬁgMHVéed tlwat tlwe

cal ci natiaon erature a i s at st . 100
hWG’EGFy}é‘?JSIde ‘P Fﬁf)‘?“efg‘ﬁﬁgg‘ﬂ °gat ccihﬁgﬁl%%r ri er
wrc:am i e NPisnedi ubad Irdéc’tbﬂ:ﬁld@f Thenhiydlr iod Misiesaod t he

npregnat ed carrier n I
s lel\'f Fe“ 8% n%n R eesegptl oﬁcgfg’ %E%r st é?s@g%ghg@{%r rier
cdygfadnéng i ggrrégnat i on. Accordlngly, thls hydr ol ysi s of

{Napel SO RONR! EH HALLLAT oleScRUIBRLYnSRUS Lat-lt W LR
generally comprises subjecting the impregnated carrier to
a temperature of at least 500 °C, more specifically at
least 600 °C. Preferably, the calcination is carried out
at a temperature of at least 650 °C. From a practical
point of view, it is preferred that the calcination
temperature applied is at most 1000 °C.

Hydrolysis of the impregnated and calcined carrier
can remove Ti-halide bonds. The hydrolysis of the
impregnated carrier will generally somewhat more severe
than the optional hydrolysis of the carrier before
impregnation. Accordingly, this hydrolysis of the
impregnated carrier is suitably carried out with steam at
a temperature in the range of from 150 to 400 °C.

Preferably, the hydrolysed impregnated carrier is
subsequently silylated for instance by contacting the
hydrolysed impregnated carrier with a silylating agent,
preferably at a temperature of between 100 and 425 °C.

Suitable silylating agents include organosilanes like
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a tenperature in the range of from 150 to 400 C.
Preferably, the hydrol ysed i npregnated carrier is 30

wGaisgesant |y silylated for instance by cont aceCTBP10hE050875
hydrol ysed i npregnated carrier with a silylating

agent, preferably at a tenperature of between 100 and
425 C. Suitable silylating agents include
organosi |l anes | i ke WD 2004/ 050233 PCT/ EP2003/ 050875 7
tetra-substituted silanes with Cl-C3 hydrocar byl
substituents. A very suitable silylating agent is
hexanet hyl di si |l azane. Exanpl es of specific suitable
silylating nmethods and silylating agents are, for 5
tdtRSt 3REai tdeserdinated viks- &2 B829a 3%k rand US- 3, 923, 843
which are referred to in US-A-6, 011, 162, and in
SUBPLAL PR PEAR Y anbtaftleofilykadnnamqaas hetallic

hedat@h 1s%ﬂ££anéqoﬁﬂgﬂﬂﬂésb§f'gbébﬁglézgﬂagagief"0”‘0 1
to 10% g , 10 suitably of from1l to 5% by
Sl\R:éfrlgﬁ%ng B‘%Eﬂ %r‘?ntjofla}rylxﬁéﬂj%tageﬁitstEh@'chél yst.
:Ln%rtaﬁlﬁé,abie)écrlbécaglnum-@[—BﬁSEMmi Ay chmpl ggzln,omssuchl as
alt or an i de t y. netal . .and/or neta
W&ﬁpaﬁ%&eﬁﬁég% {22 AR Yrishy %oﬁﬂi% ov& e i is wel | known
EB-A-UBe7@r.t to 15 produce al kyl ene oxi des, such as

pr qul e?rrll’]o n%xggec:%:gﬁlufp(%)él qu‘éélql’lcoélgg?ﬁu%?rvgﬁ%pondl ng

I'n usl roxi de suc
qafera@ivdlee gn ahe m@glaﬁl@f fpdr Oplertox it e %Wﬁh@hf&our ce of

PXAE8Y- o @%Omyﬂr&ogé%@ %laﬁ@n R8AYLH qaen) PRL;Qxi-de or
any ofrganic er oxXi de such as tert-butyl
O%WOE%WS&@ ’Eﬁﬁ%éﬁ%lﬁhy&%ﬁ’é%‘ﬁ‘kloaea fdrétRyl benzene
J}d@%ﬁa?r@ehdas dhaial kene wkide gasetmd lonlybeepriopene
rbd; |ves as %I&fgl ene oxi de, propylene oxide. The
2% § ’Ea]prcé’ﬁlg? CR¥i'ng to the present invention

hassbaent fomendaliaregi ve iesspetl atrlogngbwdhreesut tto 25 in

proéﬂlepr9€§iene oxfﬂé%ﬁoéééh,%Eep£%§§%éﬂé &§Dﬂ%ﬂt59n further

epoxidation of the corresponding olefin using a

hydroperoxide such as hydrogen peroxide or an organic

hydroperoxide as the source of oxygen. The hydroperoxide

can be hydrogen peroxide or any organic hydroperoxide

such as tert-butyl hydroperoxide, cumene hydroperoxide

and ethylbenzene hydroperoxide. The alkene will generally

be propene which gives as alkylene oxide, propylene

oxide. The catalyst prepared according to the present

invention has been found to give especially good results

in such process. Therefore, the present invention further

relates to a process for the preparation of alkylene

oxide which process comprises contacting a hydroperoxide

and alkene with a heterogeneous epoxidation catalyst and

withdrawing a product stream comprising alkylene oxide

and an alcohol and/or water, in which process the

catalyst has been prepared according to the present

invention.
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relates to a process for the preparation of alkylene

oxi de whi ch process conprises contacting a
whyanopesdxi de and al kene with a het er ogeneouBCT/EP2003/050875

epoxi dation catalyst and w thdrawi ng a product stream

conprising al kyl ene oxi de 30 and an al cohol and/ or

wat er, in which process the catalyst has been

prepared according to the present invention. WO

2004/ 050233 PCT/ EP2003/ 050875 - 8 A specific organic

hydr operoxi de is ethyl benzene hydroperoxide, in which

case the al cohol obtaingd_.is 1-phenyl ethanol. The

1- phenyl et hanol usually is converted further by

deRydratii-op &cha‘?lm:aﬁﬁi L6Rfie 3sADAL8En IR0 for
produci ng propyl ene oxide is the co-production of

hysirepprendeoxiBe™ml FEthyRet %%Ctoheatwtal@feﬂew ( MTBE)

1%&9&%&1&@.&1 lmbmtﬁwﬁaehmapaeﬁalmms process is
nown nvo |ar reaction

n the a a
Qa5 A B L 1 SRRy ore BErde AUt | on 10
pr aaesisel@sehodedri préadheipyeyiaquydeparagdapbs tdhe t he
epg%ﬁaggéf_o%n of! epor%ﬁ Ll o%aé' DygIL@REL PR e g pact ed
ropene yl ene o%
ettharrt -(Mm%)n@rtarﬁ‘mq frb@tmv@mtﬁ%e sulserprEnel yTeiheri fi ed

picme%swg":wele‘ fasdher PRl I'é‘}q ernkf%%eg henfequf acture
propyl ene oxide with I p of cunmene. In this
riﬁQﬁé@@sSteR§uﬁﬁrﬁ?q §tVé%Rﬁ49§°RY¥??§o?§tﬁﬁ1H§PdﬁFF1QW3 form

mgedew%eaefro&m@epréﬂrm@epwrepsr o¢i deet hus
obtained is react g mi i gene t he pregenc
SRFIEBEXPY BN S A Y5t Eﬂﬁidﬁrbiyﬁﬁﬁgge R and
pEbﬂﬁm%nybrmﬁ?@pﬁﬁ&ﬂyleﬁe dhieid ahﬁewentahutznqionweftij| ngo
cumene. with the ter.o us catal yst an
PRI oG aR. S SFeER Hgygﬁg%%%gﬁfg %?%9§2§§r|bed for
exa@npghether V@t@czd 481281isFhaheontiufirghswrd o t he

psﬁé}ﬁeﬁat bRihd GRCA 100 ACEOTH Blinedd TR LeBLess,
ntion are those conventlona
cumene is reacted with oxygen or air to form cumene

hydroperoxide. Cumene hydroperoxide thus obtained is
reacted with propene in the presence of an epoxidation
catalyst to yield propylene oxide and 2-phenyl propanol.
The latter can be converted into cumene with the help of
a heterogeneous catalyst and hydrogen. Suitable processes
are described for example in WO 02/48126.

The conditions for the epoxidation reaction according
to the present invention are those conventionally
applied. For propene epoxidation reactions with the help
of ethylbenzene hydroperoxide, typical reaction
conditions include temperatures of 50 to 140 °C, suitably
75 to 125 °C, and pressures up to 80 bar with the
reaction medium being in the liguid phase.

The invention is further illustrated by the following

Examples. ’
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25 applied. For propene epoxidation reactions wth the
hel p of ethyl benzene hydroperoxi de, typical reaction

weendiosi2ans i ncl ude tenperatures of 50 to 140 B T/EP2003/050875

suitably 75 to 125 C, and pressures up to 80 bar with
the reaction nmediumbeing in the Iiquid phase. 30 The
invention is further illustrated by the foll ow ng
Exanpl es. WO 2004/ 050233 PCT/ EP2003/ 050875 9

Exanples The silica gel carrier used in the exanples
had a surface area of 300 n2/g and a wei ght average
particle size of about. 4 nm Substantially al
particles had a 5 particle size between 0.6 and 1.4
EnamEmﬁggrans of silica gel carrier was dried at 250 C
dur] QQ hours. The dried silica gel carrier was
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psttEﬂl@Bsm ectbtah ek Byqaddi pg. di fferent amounts of
ni t{so en. At th; end gf each experinent, each silica

car 1 &F “RadlbESA T FInPATH S T#S tHdedate 2000Rt of 15
dprimni2ubtets.achl ori de. The i npregnated catal ysts thus

obt cine at 600 C d 7 hours. The
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per hour. The catal ysts

BRI LY Sl i per hour, The caldlys
carrier had been in contact with the same amount of
titaniumtetrachloride.

The impregnated catalysts thus obtained were calcined
at 600 °C during 7 hours. The calcined catalysts were
subsequently contacted with steam at 325 °C during
6 hours. The steam flow consisted of 3 grams of water per
hour and 8 N1 of nitrogen per hour. Finally, the
catalysts were silylated at 185 °C during 2 hours by
being contacted with 18 grams of hexamethyldisilazane per
hour in a nitrogen flow of 1.4 N1 per hour.

The catalysts obtained were analysed for the amount
of titanium deposited on the carrier.

The selectivity of the catalysts was tested in a
continuous epoxidation bench scale unit containing a
number of vessels on automatic weight balances containing
respectively the ethylbenzene hydroperoxide and propene
feed streams, two high pressure pumps, a fixed bed
reactor, a third pump for pumping a recycle stream over
the reactor, means to maintain the reactor continuously

at temperatures between 60 and 120 °C, a stripper to
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nunber of vessels on automatic wei ght bal ances

contai ning respectively the ethyl benzene
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pressure punps, a fixed bed reactor, a third punp for
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Example 2

Further catalysts were prepared in a way similar to
the one described in Example 1. However, the impregnated
catalysts were calcined for 6 hours (instead of 7 hours)
while the steam flow during the subsequent hydrolysis
contained 5 grams of water per hour (instead of 3 grams
of water per hour). The results of these experiments are

shown in Table 2.
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P(Uai a) 11 11 -P4J 4-) r-i §Q Om'~0a OO0OO
O r-r- 3Hdo U4 U U c-1 NN MW 2004/ 050233
PCT/ EP2003/ 050875 13 CL Al MS 1. Process for the
preparati on of an epoxidation catalyst, which process
conprises inpregnating a silicon containing carrier
with a gas streamconsisting of titaniumhalide. 5 2.
Process according to cl ? m 1, in which process the
silicon containing carrier is a silica gel. 3. Process

according to any one of the preceding clainms, in
whi ch process the gas, stregmyconsists of titanium
tetrachl oride. 10 4: according to any one of
the preceding clainms, in which process the silicon

1C0RLBLOLNGCAEKd e ERFRNil3CSs A BBRIdak40Q ppm of
sodi um based on anount of carrier
catalyst, which process comprises impregnating a silicon
containing carrier with a gas stream consisting of
titanium halide.
2. Process according to claim 1, in which process the
silicon containing carrier is a silica gel.
3. Process according to any one of the preceding claims,
in which process the gas stream consists of titanium
tetrachloride.
4. Process according to any one of the preceding claims,
in which process the silicon containing carrier comprises
at most 1200 ppm of scodium, based on amount of carrier.
5. Process according to any one of the preceding claims,
which process comprises drying the silicon containing
carrier before impregnation.
6. Process according to any one of the preceding claims
in which process the impregnated carrier is calcined and
subsequently hydrolysed.
7. Process according to claim 6, in which process the
hydrolysed impregnated carrier is subsequently contacted
with a silylating agent.
8. Process for the preparation of alkylene oxide which
process comprises contacting a hydroperoxide and alkene
with a heterogeneous epoxidation catalyst and withdrawing
a product stream comprising alkylene oxide and an alcchol
and/or water, in which process the catalyst has been
prepared by a process according tc any one of the

preceding claims.



5. Process according to any one of the preceding

clains, which process conprises drying the silicon
w@oasnsng 15 carrier before inpregnation. 6.PEI/BEBEF050875

according to any one of the preceding clains in which

process the inpregnated carrier is calcined and

subsequently hydrolysed. 7. Process according to claim

6, in which process the 20 hydrolysed inpregnated

carrier is subsequently contacted wth a silylating

agent. 8. Process for the preparation of alkylene

oxi de which process conptises contacting a

hydr oper oxi de and al kene w th a heterogeneous

epoxi dation catal yst and wi thdrawi ng 25 a product

9.St p.RANME ORI AY @ Ky b enes,0%hden ad padcad L @hel
and/ or water, in_which grocess t he catal yst has been
a1KPRDAre BT BRETE APOCHES 24ERBTR ARG 1D BnPrIREBE t he
ox@ﬂecedlng clai ms. WO 2004/050233 PCT/ EP2003/ 050875 -
rocess accordln to clajim n_whi process
10t hgrocelsl?eﬁ CI-SHB7 operd® andé)t e w?%(c% gﬁgceosxsl 21 i s
orgropy |redecpandxdee ﬂi)etﬁybuenﬁﬁnacbzﬂnmpﬁ90¥tﬂqﬂaadn19, in
C peroxide is
lﬂwuhggbgﬁge%e hkgr%32% g?igﬁ%¥g§ﬁ whi ch t he al coho
13. sPloqﬁﬁén?tFCCéftdhaﬁo’W flmPlfQ)cé@éc%dhr@PGPﬁgf‘%r&h&Fal m
comBri Yeu %Qhﬁcﬁn%?t@%ﬁ sriheeny LAMBRb B 6% debyds ation of

1- phenylet anol to obtain styrene.
styrene.



