CATALYST PREPARATI ON The present invention relates to
the preparation of an epoxidation catalyst and to the

wonros@es28f prepari ng al kyl ene oxi de with the Rermrefo4/051306
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such catal yst. Background of the Invention An

epoxi dation catalyst is understood to be a catal yst

whi ch catal yses the manufacture of an epoxy group

cont ai ni ng conmpound. A well known process conprises
contacting organi c hydroperoxide,and al kene with a

het er ogeneous epoxi dation catal yst and wi thdraw ng a
product stream conprising al kyl ene oxi de and an

al cohol . Catal ysts for uf act ure of an epoxy

group cont ai ni ng conpouégfm{;?%r VETHEARRSHAY EP- A-

345856 descri bes the preparation of such catal yst
conprising inpregnating a siliciumconpound with a

st ream of  Had¥EFENti LARPIH et @S itde thehpreramiion of
ment i @RS idd S [ ntact __.
W th 1 anares o G CANES RIS OF TS FlbRgkarine
t he usékgtene hexds uriftdc ¢har balsi ¢f cauctuppartl yist .

pr epaki i [ . The high surface area
sol i d%?gggﬁggé%ﬁﬁ ctg{évm&t%‘:\(%bi}é?égr a solution of a

titani umAnlardxidataononataloxgtgaratedebydoogatdbare a

| { . St f ti [ tet hl ide. It
S ToAEFONSA CRBECH (C4 S a8EPY BB S GRS e O Fhcaposy

suppogkoppi 66ntHinimy egnpbual. AokeEXamdwd R¥okeati BOnprises
for several hours at a tenperature of at least 200 to

700 CEPREBFHENI 1Y EY 4 RYETrSBPFPEI dntantbgrldensf with a
drynessteIbgefdbud &pd:3 aURSRALSE] Vst TN, %qﬁkggawkgg a

Exanple 1B, a silica support having a surface area o

- 1140 RPPEUFS $lerram qogrsdeiwyantkykenchexiceniadt ed alcohol.

witha StIeAmIQhedl EbOORR At HeAT o SURSERUERLY o G
containing compound, are well known. EP-A-345856
describes the preparation of such catalyst comprising
impregnating a silicium compound with a stream of gaseous
titanium tetrachloride. The example mentions that the
silica was dried before the contact with titanium
tetrachloride.

US-A-6,114,552 teaches the use of a high surface area
silica support in preparing epoxidation catalysts. The
high surface area solid is impregnated with either a
solution of a titanium halide in a non-oxygenated
hydrocarbon solvent or a gas stream of titanium
tetrachloride. It is mentioned that it is desirable to
dry the silica support prior to impregnation, for example
by heating for several hours at a temperature of at least
200 to 700 °C in order to attain a sufficient degree of
dryness. The carrier is subsequently impregnated. In

Example 1B, a silica support having a surface area of

1140 m?/g is heated to 400 °C and is then contacted with



cooled to 300 OC . There is a continuous interest in
i nproving the performance of epoxidation catalysts in

wgeonsroat723and nore specifically of catal ysts feCcTERE004/051306
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preparation of al kyl ene oxide. W found a sinple and
attractive way to achieve this. W 01/97967

specifically excludes silica gel carriers fromits
teaching. In Conparative Exanple 1, the comercia
silicagel as such was | oaded into_the quartz reactor

tube, heated to 260 OC under a nitrogen flow, cooled

to 195 d su I ontacte | aseou .
B R R A e
sili cageledvas BBi0@afed before it was | oaded into the

react or %Ebe. Soneone skilled,ip the art will he aware

that infGPfaBi bR DIFTYERNERt 1BFCEPFT ' S Ryare the

SuUppgsdsrdsmai@le bl epeRiddforsiddtayeek $HPPORdSal, and more
Extrudates are very weak when com ng out of the

ext r BRECHNFalddd ospertal Yiredtafeihcf Srepata el iy alkylene
el (oRLAENH coREh | o SO ATRIROR kD! Y 080 Mhieve

the strength 1s calcination. tiona , e water
and eddtrsisi on ai ds present in extrudates can nake that

t he extruda t o he .subjected.to further .
specific%gr9?2aggﬁg/%ﬁe%%ﬂﬁﬁaﬁﬁﬁgeﬁ?%%é?Ln%i%lquﬁﬁ&rﬁarrlers
of t herdmviedd iteRchinpt i sh NUbnypd datiae Eaamndléhat the

performance of an_epoxidation catal yst can be_inproved
by a SPBESGG 4 PedtRBAEL BT Fill MR gRAFONLRFE Hoae duartz

gaseouss didAaniupd, hakkded dhezdoroovenert ai Aitrogen flow,
performance was observed for each the conversion, and

the seP@EId i 23 ﬁcnraﬁ? BHRRRIUA IymsPBveREAE Whish gaseous
obseryed. i 4, ALkt herePOVES SEOMN @ mation on how the

silicagel was treated before it was loaded into the
reactor tube. Someone skilled in the art will be aware
that information on treatment of silica extrudate
supports is not relevant for silica gel supports.
Extrudates are very weak when coming out of the extruder
and need special treatment for increasing their strength.
A well-known method for increasing the strength is
calcination. Additionally, the water and extrusion aids
present in extrudates can make that the extrudates need
to be subjected to further specific drying and/or
calcining procedures.

Summary of the Invention

Surprisingly it was found that the performance of an
epoxidation catalyst can be improved by a specific
treatment before impregnation with a gasecus titanium
halide. The improvement in performance was observed for
each the conversion and the selectivity. In many cases,
an improvement was observed in both the conversion and

the selectivity.
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the selectivity. The prior art contains no teaching or
hint that the conversion and/or selectivity of an

wepmsiodzs on cat al yst can be i nproved by the PCT/EP2004/051306

conmbi nation of a specific drying step and a specific

hydrol ysis step. The present invention now relates to

a process for the preparation of an epoxidation

catal yst which process conprises: (a) drying a silica

gel carrier at a tenperature af from 400 to 1000 0C

(b) hydrolysing the dried silica gel carrier; (c)

opt i onal dryik L ys ier:. and.(d)
contactiﬁéet éhggr%$€r oq%gfﬁeggmfgéégfé%én%tﬁ%%that the
cont a¢oenversidan teani/om hel écieltixbkitfaian apokipaegpatetalyst

carrier, .in wmhich proce t he _hydralysis of step_(b) ,
is cartt &t olurr{prgfreg Egn%li? AT U ﬁgsf‘ ﬁ@%cg%}c. drying
Det ai $tegb dasCrd pioeen 08 hi@rénmend isteplhe catal yst of

the present invention is obtained by drying of a

silica g@PGCQF??%?tf%ﬂWQRﬁ%9nb9°HyH?g?9%§SuhﬁﬁFmoceSS for

i ”praﬂﬂﬁﬁﬂfgbéMéﬂioﬁ.Bktéﬂi%gﬁiﬁﬁéﬂ¥%n Eﬁtgﬁgﬁgi&%fbhfﬂﬁbcess

silica gel carrier is suit e for use in
pr epafALRWFEgH:0cess according to the present

. . T ¢ hat o .y
the pit SFYARde ot LTRE H Aa oot aFyar & o Raddhusy 88 rron
f oundd@hato gdHOpliase i nmpregnati on according to the

present, invention gives especially good results if the
B T oLl BV FFL Y SORT iR eioee 18B00pprv T S um
nmore speobtteakblyy adrymst th@OAyAROL Pfed st tiMerhuher ,
the silica carrier preferably conprises at nost 500
ppn1ofde8ﬁFﬁFEﬁ?gaﬁhe carrier obtained with a gas stream
containing titanium halide to obtain an impregnated
carrier,
in which process the hydrolysis of step (b) is carried

out at a temperature of at most 200 °C.

Detailed description of the invention

The catalyst of the present invention is obtained by
drying of a silica gel carrier followed by hydrolysis and
impregnation with a titanium halide.

In principle, any silica gel carrier is suitable for
use in the preparation process according to the present
invention.

It is known that contaminants can influence the
performance of the final catalyst. It has been found that
gas phase impregnation according to the present invention
gives especially good results if the silica carrier
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.



nost 500 ppm of cal cium at nost 200 ppm of potassi um
at nost 100 ppm of nagnesi um and at nost 100 ppm of
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invention can in principle be any silica gel. Shaped
extrudates of silica powder differ fromsilica ge
carriers in their manufacturing nethod and in their
physi cal properties. The high mechani cal energy
required to formthe extrudate ignparts high crushing
strength and density to the extrudate but can decrease

pore vol . I via of .extrudates .are the
nultiple%s e%£1$%%3¥?%3£§%§65b?8FnF%% Bt &S BF

sui t abdwerstircength. ihnpgéneiple 18 langasgel saagel a Shaped
solid, .anorphous form of hydrous_ silicaon dioxide

di st | TSRS PonPother RIS CoROBi okl Hes w3t

t hei reddSraRones ichit i andahy e oo idte dhesUhlaged Sl 10d »

gel s usually contain three - dinensional networks of .
aggr R EFAl IPrORSpALEF ¢l BlRe dHidpmeshaalcal nepstenscequired
They @af erdpicgRl k¥ ipLARALE hdighy q

sodium silicate solutioﬁé %@éﬁ%ﬁﬁﬂ%}gﬁohggsﬁ %? %ﬁééﬁbth and
t han densidy dontthri pytivdaie W stanodgcmeneeaporeithlume. A

The agi di fication causes the formation_of .

nnnos? %%éﬁ%ﬁ%a ci8%(§$§E¥éﬁ3?sﬁﬁ%ﬁﬁhﬁopﬁég%Pi%ssF?ﬁ%

par t i xd@si ndd fornbertaahisg | exaneldterkagesuabdbext et ralgth.
silanpl groups. The,pol r particles aggregate,

thereﬁ% é%ﬂ%#%ﬁg @ﬁi?ﬁ@ é%i%Lé%%fﬁﬂ%ﬂ dgePMREPIRrRstorm of
Si | i cageragneanticahl @loxi@amer il spddafdomhsther hydrous

addi ti on of coagulants affect gelling tinme and fina
gel chararedioridessh¥hthelfansinoporesitghhd hydroxylated

hardn@@ﬁﬁaé@“*ﬁﬂigcarS@l@ngsﬁgﬁf§\Eyn%ggn theckesthdiNnal
hydrogel is typically washed free of electrolytes,

dri ednetitb et iofakgdrepgasadt abliecasidardacdeb efrepbioidal

1o S8 SARIORL VAT A P AT B ol e B8 o
aqueous sodium silicate solution, typically to a pH of
less than 11, by combining it with a strong mineral acid.
The acidification causes the formation of monosilicilic
acid (Si(CH)g4), which polymerizes into particles with
internal siloxane linkages and external silanol groups.
The polymer particles aggregate, thereby forming chains
and ultimately gel networks. Silicate concentration,
temperature, pH and the addition of coagulants affect
gelling time and final gel characteristics such as .
density, strength, hardness, surface area and pore
volume. The resulting hydrogel is typically washed free
of electrolytes, dried and activated. A suitable silica
gel carrier would be silica support V432 and DAVICAT
P-732, both of which are commercially available from
Grace Davison.

The silica gel carrier for use in the present

invention preferably has a surface area of at most

1000 mzhgram, more preferably at most 800 n@/gram, most



Grace Davison. The silica gel carrier for use in the
present invention preferably has a surface area of at
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n2/ gram nost- O preferably at nost 500 nR/gram

Generally, the surface area will be at |east 10

nm2/ gram nore specifically at |east 20 n2/gram Silica

gel carriers which were found especially suitable had

a surface area of 300 n2/g. Prefgerably, silica ge

carriers for use in the present invention have a

wei ght a ezﬂgk particle_size,of at nost 2 mllimetres.
Y

Silicht iogr BoshcRVGam S/HFF‘]Ea ST ad Yar 55’@ syeface
f ound e referr d r n the pre
inven?%%nqgggrﬁﬁhﬁe ggzeg M%Iéﬂ 35?2 TYh EF%§§gcally at

eSpeCléﬁéﬂ1§Ph§3@%£anﬁjH§%.b@ltggrP{§§§Qhukﬁy%%E%0@ und
were wei ght average particle™sizes of fromO0.2 t -8

mm  negee SR iscdkbplef ndd om Qirkdce hr8anpE Br@@th/g
speC|f|caII% of from0.6 to 1.4 mm Drying accordlng
to the prESERTaPhVentiioifa Giodr Ca8518ED] €%t (URE tife t

si i carg@dnicanticeediba A {
Shon BAARENAELLS Ralepaielie LIS, e o

consi dereest & e llhmeteaper 2t L@ ofelt kersibrsasget as silica
Carrlgr?]e-rél? (ﬂ'rasé:lengwggg Pgur?@rgd %% q.létSﬁ grgggfgggepor use in

or t pr esencé o I nert
Pr ef etlad| yreddns dmyenglos cEmrtxnﬂaawuzas ahiehpﬁéfétﬂdhnd to

f f 450 t 0 f |
Cenpelar tiee G o mPabePLs 625 Gte aribY: Brpdral avention

ChOSe@eﬂ@pﬁﬂﬁﬁtﬁ@v@hegarﬁ@itiﬁﬂe(Eﬂ%H$WBEaﬂEGﬁ oNottall. 8 mm,
reactors can be used for subjecting the carrier to a

r el at Tt ySHEGH CeApEr af uF EoB10 dhdtt 1850™BC MOtbwever ,
such &hah; teparabur erbasobeery foundqt o give

especi al | y good

Drying according to the present invention comprises
subjecting the silica gel carried to a temperature of
from 400 to 1000 °C. The temperature of the drying of
step {(a) is considered to be the temperature of the
silica gel carrier. The drying can be carried out in the
absence or in the presence of an inert gas such as
nitrogen. Preferably, the drying is carried out at a
temperature of from 450 to 900 °C, more specifically at a
temperature of from 500 to 850 °C. The temperature chosen
depends on the practical circumstances. Not all reactors
can be used for subjecting the carrier to a relatively
high temperature of about 850 °C. However, such high
temperature has been found to give especially good
results.

The kind of silica gel used and the pretreatment of
the silica gel influence the time during which the drying
is to be carried out. The drying will generally be
carried out during from 15 minutes up to 10 hours, more

specifically of from 1 to 8 hours, more specifically of

from 1 to 5 hours. The dried carrier obtained in step (a)
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m nut

es up to 10 hours, nore specifically of from1l to

8 hours, nore specifically of from1l to 5 hours. The
dried carrier obtained in step (a)is subsequently
subjected to hydrolysis in stepg(h). The hydrolysis

conpr

ises treating the carrier with water and/or

e G LSRRl L pu Pl die YL NP8 0T 2 B0 M) . e

i s considere

eratu

whi | eqydrdimtla;ct:ompthséé‘letMtﬁfngalﬁdbOEaSteafn willte water
tenperai ure at whi the hydrol ysis |s carried out is
preféFﬁ%P &Feﬁmonigﬁ Eg%? e off tPReN KB YA ©F

conpr

4585 (W)eaki BenbN@efkd b GRS Hihel +WhbBr¥BLEL of the

sui tabl e met hods for hydrolysis coggrlse por e

i npr é’g%?aﬂyﬁ HPRAENERL SOF 136 bngtidh

i nmer

hydr o yS|s y conprise a was

& YBhRT ngn@for steam.
%rgEhgg Qér&ﬁf%h qﬂ &ﬁ?%iyghg 1§rE%rr1ed out is

|ng treatment usin

watenlmﬁfamabdqueduéremlb@ltn1ZﬁO acmi neral acid, an

aqueous I f .an.ammoniumsalt o nbl atign
Eher oot . Thnbhbarett ol RoRkETREs e L 20 BBspd)
t he ftyad:rﬁeM:SIvﬁthl sapeef eswdd ab e e addbet or enh fdesly9ig
the carrier further. Preferably, the hydrolysis of

st ep

‘%%)Prdéf?pﬂogéslWPé%@n%fglqrhér@éftmﬁe With wteamand

St eand g6l @3N iRRUS ey | Shd QW iRIETIHEEeSt eﬁméwaﬁhgreqy,
tenperature of from 100 to 200 OC, nore sge0| ically

of fr
attai

the carrier an

A 100inod vE8E DEY . CaMRE ifesiar @d shéRger A atreani Hag
A D% 2 ful ga@bss cominal] ¥ of i GEPSI AW & Un

mper at ure
aqueous solutlon 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.

Preferably, the hydrolysis of step (b) comprises
treating the carrier with steam. Steam which can be used
is low pressure steam having a temperature of from 100 to
200 °C, more specifically of from 120 to 180 °C.

The desired temperature can be attained by a suitable
combination of temperature of the carrier and temperature
of the water and/or steam. It is preferred that the
silica carrier has a temperature which is similar to the
temperature and/or water with which the carrier is
treated.

It is preferred that a limited amount of water is
added to the dried carrier, either in the form water or
in the form of steam. Preferably, the amount of water is
at most twice the pore volume of the carrier, more

preferably at most 110% by volume. More preferably/ the
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of the water and/or steam It is preferred that the
silica carrier has a tenperature which is simlar to

woheostoezer at ure and/ or water with which the cRBCTIEE2004S51306

treated. It is preferred that a |limted amount of
water is added to the dried carrier, either in the
formwater or in the formof steam Preferably, the
anount of water is at nost twi ce the pore vol unme of
the carrier, nore preferably at ymost 110% by vol une.
More preferably, theamount of water is at nost 50% by

vol U%ou'}%stof%sfcswg Yat L& 2ERUNE, %a@om%eef Ssat

nost 40% by vol une e anount s of ter are ased on
por e prgfigrebdfy, t hbesahowa: cdf mager LE st easst st0iséd; volume.

t he nt of ,ste t ake th I h t
sane ugrm CYRSGnE oyag\%{eﬁr%%gdhg{}\e/gogge Lllr?eotﬂf% the

t hat dihe i ldegaigel carstem Wi elRehadiheemdteatsd didam is
this way had the kind of surface which gave an

excelqaé‘r‘ﬁn G&t &P§sVOLBR Whsite dhst ﬁéﬁev\i“?%a’@a%%%t of water
titanjgimahalaide. Preferably, the hydrolysed carrier is
dried. A suitable nethod for drying conprises

cont acti A vae ¥SurdIhhedd thar pilekcavigdt rﬂatrrrég:efnwattch had

e'EVQkﬁglkﬁ%B%%ét Bethp§fﬁg H%ﬁ @gekaH cof §Gf&ace Wthh

h
contact with the gas stream containing Titanium
" 2t
hal i d;aveTlaaa te;xeattﬂrent cat pneftengbhy inpregeat dat wattha gaseous
tenpr ur.e o%ﬁ.gmloow 300 OC, nore specifically
about Sduration of the treatnent depends

on the appupérablyatigre dfydsbeaseaddet-idr stepribl. A
Usually, the treatnent will last of fromO0.5 to 2
hour SUIHFERFePRERET T MY B ForpEAdcespeiaftiipg the

advanfageayseld chbeiaporitn - Bft dgbanbdm et 883 temperature:
SLWHNQQ?ige being brought into contact with the gas stream

‘containing titanium halide. The treatment is preferably
carried out at a temperature of from 100 to 300 °C, more
specifically about 200 °C. The duration of the treatment
depends con the amount of water or steam added in
step (b). Usually, the treatment will last of from 0.5 to
2 hours.

Furthermore, it has been found especially
advantageous if the amount. of titanium halide supplied in
step (d) is such that the molar ratio of titanium to
silicon present in the carrier is of from of from 0.050
to 0.063. It has been found that such molar ratio gives a
more selective catalyst than similar catalysts of which
the dried carrier had been in contact with either more
titanium halide or less titanium halide. Without wishing
to be bound to any theory, it is thought that this
specific molar ratio gives a bonding of the titanium
compounds which is especially advantageous for the

selectivity of the catalyst.
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step (d) is such that the nolar ratio of titaniumto
silicon present in the carrier is of fromof from

w0206M0t130. 0 63. It has been found that such BOT@P2004/051306

ratio gives a nore selective catalyst than simlar
catal ysts of which the dried carrier had been in
contact with either nore titaniumhalide or |ess
titanium halide. Wthout wi shing to be bound to any
theory, it is thought that thisgspecific nolar ratio
gi ves a bondi ng of the titaniun1conpounds which is

especi al Ly afdypnt a f S tivity of .th
catalyst ne%aﬁ$ gﬁ&hgléql §86e§£€§#%¥efycontaC%ed with
cont a@teectnx/uairhumhhaudammmﬂmldodﬁslenofhérmum sb aQ‘fd

and 10 hours i cal

to 6 SonE ey Bparabrec B ERE P HE oM Sof e Totrs.

titanprefidraaddedtduetsg tdhesdd rost tﬁ@"/wtaﬁh@n is added
impregnation tinme. The tine of inpregnation is taken

to beTthdd ithe dbrPhg>Whi¢h e EPrPEBAtéoRt biTe nglhe time

carri®f inpAdyn@@AbACts M4 RIS thist @BEMRA AHEmich the
Most preferably, the silicon containing carrier 1s

cont a%xleu:qm enaasnimy agaarintlsofint coahkam wWhth dg|mseous
duri LI t r

wi e c é%fhﬁéaggﬁe%%%{giréﬁg%§ﬂ¥%atEggar¥P¥ﬁ¥f COAgalnlng
devi atamnisedf remcbhksche@ \aitl;fovmbimmliaa:hameumt ¢hetitanium

ror QYIRS BFE Fol bt Sshort PPRESTRT i aliovever.

duri nge mﬁmrlegﬁat:llear %Bbt@cbmm&aihld&&d\Mﬂhchh@a@r@ethat
used conprise tri - etra - substituted titanium
conpl EKEL hkAeh fﬁS{P‘etB%sf?’Eﬁnai iaklrappge as at the start

Substd ugly SimprelinkBeoh ENBE ndes Lfd b@etﬁéb§ﬁ1%£é@rﬁ’gi§lon and
i f agé) beHﬁg al koxi de or am no groups. The titani um

hal i igefljepharsi hgre inteaviedm Buride Eempranmtio
or can b%lﬁaﬁ%é&%aelﬂfeé 'Jhﬁ%huﬁ‘aﬂ%éd@s&@m&ﬂﬂ%e tri~ and

Preferably, e titanium halide conprises at
tetra-substituted titanium complexes which have of from 1

to 4 halide substituents with the remainder of the
substituents, if any, being alkoxide or amino groups. The
titanium halide can be either a single titanium halide
compound or can be a mixture of titanium halide
compounds. Preferably, the titanium halide comprises at
least 50 %wt of titanium tetrachloride, more specifically
at least 70 %wt of titanium tetrachloride. Most
preferably, the titanium halide is titanium
tetrachloride.

The present invention comprises the use of a gas
stream comprising titanium halide. Preferably, the gas
stream consists of titanium halide optionally in
combination with an inert gas. If an inert gas is
present, the inert gas preferably is nitrogen. Especially
selective catalysts were found to be obtainable with the
help of a gas stream solely consisting of titanium

halide. In such process, the preparation is carried out
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titaniumtetrachl oride. The present invention
conprises the use of a gas stream conprising titani um
hal i de. Preferably, the gas stream consists of
titanium halide optionally in conbination with an
inert gas. If an inert gas is_present, the inert gas
preferably is nitrogen. Especially selective catalysts

wer e f bt ai M heh f a _gas
streéﬁ?ggﬁékésggﬁgié?i%ég% :¥%{gﬁiunﬁ g%?%gf ?%ggﬁ% amounts
pr ocesSs, furdihepr gparcats ovomsowals iaed alll bwed hieo as ere@sent

of a car.rier . gas. ver, limted appunts of further .
gasedtE &S n&gnggﬁga??QﬁﬁﬁPfé?ebélggggﬁn?o?ﬁﬁ¥th%lﬁ?rrler
cont agld helevgereblie 8ithEDin ¢RNtiakni MHecCassi &F &t dde with
gaseous titanium halide, The gas in contact_ with the

car ritdl® GG APF bR at TRIFPrefonaprytesak] steonwsta for

| east,+7G e afy %MEanuﬂi@eﬁHﬁ?ha‘I@B@,SHSféfé/gw@éilﬁ’ic%tlly at
| east 80 %M, nore specifically at [east 90 %wm, nost
specifdasdl 18p &wtl, emotredspasitficaddaciti tepref @l riett, most

pr ocesses e ibed j.n = pendi at ent

R T L oo S

Eur opearcegymalsi Gatreohedlo. dORX252E01 13, thaseoysetdianipsatent
hal i de _can he pr r in y .known t o spmeon

ok |1 P atiern bR REap e e A a0 ay et Y L guropean
heat i 43¢p 18 ceaseel Neonbap sy t3.t ani um hal i de to such
tenperature that gaseous titanium halide is obtained.

I f inert©g88°mrs Fot%él_‘ﬂ é’§éﬁfi? Eae begrieRgsLdn BaY way
| ed oM&sid e @%%E%getéF?ﬁ%&ﬁHﬁ?&%@eargﬁnﬁr§i$§1etgﬁa easy

i mpregnated carrier wl e cal cined and subsequently '
hydr o/3ps expmiyd-sept hephing aivagsgtlegontaining titanium halide

to such temperature that gaseous titanium halide is
obtained. If inert gas is to be present, the inert gas
can be led over the heated titanium halide.

Generally, the impregnated carrier will be calcined
and subsequently hydrolysed and optionally silylated
before being used as a catalyst. Therefore, the present
invention further relates to a process further comprising
(e) calcining the impregnated carrier obtained in
step (d), (£f) hydrolysing the calcined impregnated
carrier, and optionally (g) contacting the carrier
obtained in step (f) with a silylating agent.

It is believed that calcination removes hydrogen
halide, more specifically hydrogen chloride which is
formed upon reaction of titanium halide and silicon
compounds present on the surface of the silicon
containing carrier.

The optional calcination of the impregnated carrier
generally comprises subjecting the impregnated carrier to

a temperéture of at least 500 °C, more specifically at
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obtained in step (d), (f) hydrolysing the cal cined

i npregnated carrier, and optionally (g) contacting the
carrier obtained in step (f) with a silylating agent.

It is believed that calcination renoves hydrogen

hal i de, nmore specifically hydrogen chloride which is
formed upon reaction of titaniumhalide and silicon
conpound sent gn the .surface of .the silicpon .

cont glierﬁszcg%@grr?ér?r & 34’0% © Egﬁg?ﬂﬁﬁ%% B g Led out
i npr egnat ednpattiere generallaasaompni S€s pubhestpngdikal

I npregnated carrier to a tenperature of at |east 500

0C , BRITE Sfedificalt ylaleeiarteeothet. the efatahation

the calgidiatuee bepCokdied QUthAak aobgnperature of at
| east 650 OC . Froma practical point of view, it is

pr ef er r edyghat Y3+ daltbienanpspoparperandiaalagpledegarsier
t . mE i t i
at mst, 1000.¢ T'iuﬂéflé'é'k?br&gsl ! @ez g@ﬁggﬁgéfgﬁﬂdche

cal cined carrier can renove
hydr alnysiegineft edheak npee @rateath Idar wiiédl bensomeblyatnindre

be sonmewhat re _severe, than.th ti.ona drolysis
of ¢ HEE R LR BT RS ARCB oF gl SA2 i before
hydr alntsieymef ibhe hopsegnailed aarlsi akdirsl guis abf ythe
carried out with steamat a tenperature in the range
of fr%ﬁﬁ?ﬁﬁ?aF§d469r€?¢rF%%#ﬁﬁ%ﬂﬂ?}y FRETHGEr By el steam at

| mpr egnalRid reatrkelni Sns URSRALUH Iryoml hybat&daoo °c.

Silylation can be carried out by contacting the .

hydr ol ys8defaprlebhatid® dadirceysasit hmpregrnafest icggrier is

agent y at.ure .af. n.. 100

SO s2Ly 5 Lemerattig o, bebugenc It AT b by

or ganuwitaniesd itke hpdrelysslbgiriregnededi FanesenivitiCa
silylating agent, preferably at a temperature of between
100 and 425 °C. Suitable silylating agents include

organosilanes like tetra-substituted silanes with C;-C3

hydrocarbyl substituents. A very suitable silylating
agent is hexamethyldisilazane. Examples of suitable
silylating methods and silylating agents are, for
instance, described in US-A-3,829,392 and US-3,923,843
which are referred to in US-A-6,011,162, and in
EP-A-734764.

The amount of titanium (as metallic titanium) will
normally be in the range of from 0.1 to 10% by weight,
suitably 1 to 5% by weight, based on total weight of the
catalyst. Preferably, titanium or a titanium compound,
such as a salt or an oxide, is the only metal and/or
metal compound present.

As mentioned above, it is well known in the art to
produce alkylene oxides, such as propylene oxide, by
epoxidation of the corresponding olefin using a

hydroperoxide such as hydrogen peroxide or an organic



hydr ocar byl substituents. A very suitable silylating
agent i s hexanet hyl di silazane. Exanples of suitable

wei2bosloarizag net hods and silyl ati ng agents are, PEDMEP2004/051306

10

15

20

25

30

i nstance, described in US-A- 3,829,392 and US-
3,923,843 which are referred to in US-A- 6,011, 162,
and in EP-A - 734764. The anmount of titanium (as
netallic titanium) will normally be in the range of
fromO0.1 to 10% by weight, suiteply 1 to 5% by wei ght,
based on total weight of the catal yst. Preferably,

tit arﬂmocg) r%xtlh%agé d’ofsggnggﬁ aTﬁgdﬁy@L[opaeq:OXJ.de

oxi de e on an /or meta
pr esenin b@ &ymengennpelr@bm/ee od taniys om@lahlkrﬂoym:dapeﬁdaede

art to produ e oxi des ch as propyl ene ,

oxi desudl et Rat bR GYR R eporar RGeS oY ST Gperoxide
usi NGhray Mﬂ@@heéhdehwﬁ&p@@m 08B RELk&XE URi O qdherally
or gani chydr oper oxi de as the source of oxy The

hydr @Mﬂ%%ﬂﬁlﬁé iR D geh adéﬁyéﬁpﬁeoéig%nypléq%@rﬁfte

hydr operQxi @%esHﬁga§§sEgﬁfep5¥gd”ac%$gﬁgﬁgr95'ﬂﬁé present
cumene hydr oper oxi de” and ethyl benzene roper oxid

The airk&merﬂ hageheenl fcyurbé tm MﬁeeMﬁchaglye@oq% results

21 Ky S0 480 8DV EnE. pxLde.  INE GaLAL VPl B EPAY Sllrchos

accordi it n r ésen eén foun
gi ve m]aan—:isalﬂoy agp@dceesufdss tifre mbamabd:essof alkylene

Ther ef or he present inventjon f | ates.to
o oc g e’ BEBRAF At FOTPHooh TSRS EoRF B Sritgpetoxide

processd GOMHeS @3 tBoAt RSt éNgyehd@r @pekoyhdeornchtalyst and
al kene with a heterogeneous epoxidation cat al %;t and

Wi t hd¥ Bl 09 BAREPIEET eBlri S FIT O AG LRP k1 BrhEek| Yetde
and ap, @l gphal..apd/ Qﬁdy‘@{fe&atéyﬁ wh %lehoggééewethe -

catal'yst is according to the present invention,
speci ¢dtealargfanisc afydrdped ok der g sp@tsﬁwtbéﬂZ@ﬂ’élon

A specific organic hydroperoxide is ethylbenzene
hydroperoxide, in which case the alcohol obtained is
1-phenyl ethanol. The l-phenylethanol usually is
converted further by dehydration to obtain styrene.

Another method for producing propylene oxide is the
co-production of propylene oxide and methyl tert-butyl
ether (MTBE) starting from isobutane and propene. This
process is well known in the art and involves similar
reaction steps as the styrene/propylene oxide production
process described in the previous paragraph. In the
epoxidation step tert-butyl hydroperoxide is reacted with
propene forming propylene oxide and tert-butanol. Tert-
butanol is subsequently etherified into MTBE.

A further method comprises the manufacture of
propylene oxide with the help of cumene. In this process,
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.
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hydr operoxi de, in which case the al cohol obtained is
1- phenyl ethanol. The 1- phenyl ethanol usually is

woams@moresl further by dehydration to obtain stpPCeme2004/051306

Anot her net hod for produci ng propyl ene oxide is the
co- production of propylene oxide and nethyl
tert-butyl ether (MIBE) starting fromisobutane and
propene. This process is well known in the art and
involves simlar reaction stepsj;as the styrene

/ propyl ene oxi de production process described in the

preV'T‘B}%SéQ‘E‘EQQrEQP bd %&R%r%egxme{% OIS &Ry t%: tr%h;e]eghelp of

but yl roperoxide Is reacte propene
proppl@ﬁeeomgdeeam@ ¢analystbandnbydr6gemknﬂpnuﬂfﬂcssuitable

b t | therified.i MTBE furt
oo B s h e A St BB BEor A ML e
hel p of Theredndilylchldi $opr 0E€SSpoEUERARH $ehBB8EbRUaccording

wi th oxygen or air to form cunene hydroperoxi de.
Cureis® i BPEFBRT dHTIRIS OB PAPNEHOPS. FEREITEG AN Y

propeppiiadt h?oPrﬁﬁﬁf&?e %fpo%adelegéhdééé@&&?st i3t the nelp
yi el d progylene oxi de and 2-phenyl propanol . The

| att @f efhvbberopnerhvdrdnsrexédaenbym ekl tlfﬁeéqieloml of a
het erogeneoUuRsCahal . %é fe?r%e%%?g ofﬁ‘? OZlf%i“é%é%hﬁtably

processes are descri r exanp
The déndiot iL@hs ° € prand epmyEexirdat upntoedCtihan widdortdieng
t he present |nveg£|on are F $e.conv tlonally

appl "EF RSP PPApERe” EPtkitdalts TP RLEH TR th 1 he

hel p of ehéyibenzdre Rgdropenexi e, udiraiteal biyeanti 661lowing
condi_tions include tenperatures of 50 to 140 0OC ,

sui t &F1¥PPESto 125 0C, and pressures up to 80 bar with

t he rmBaeijie’ medi umbeing in the liquid phase..The
invention is further illustrated by the follow ng
ExanpleSThﬁx%hbﬁﬁsge carrier used 'in the examples had a

surface area of 300 m2/g, a pore volume of about

1.1 ml./g and a weight average particle size of about
1 mm. Substantially all particles had a particle size
between 0.6 and 1.4 mm.

The silica gel carrier was dried at a temperature of
600 °C during 2 hours and was subsequently allowed to
cool down. Different samples of the dried carrier were
hydrolysed in different ways.

Catalyst 1 was prepared by cooling the silica carrier
to room temperature and subsequently impregnating the
carrier with water. The amount of water was similar to
the pore volume of the carrier. Excess water was
subsequently removed by drying the carrier at 120 °C
during 2 hours.

Catalyst 2 was prepared by cooling the silica carrier
to a temperature of about 150 °C and contacting the
carrier with steam having a temperature of 150 °C.

Comparative catalyst 3 was prepared by cooling the

silica carrier to a temperature of about 400 °C and
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The silica gel carrier used in the exanples had a
surface area of 300 m/g, a pore volune of about 1.1

wal005gozne a wei ght average particle size of abBOUEP1004/051306

mm Substantially all particles had a particle size

between 0.6 and 1.4 mm The silica gel carrier was

dried at a tenperature of 600 C during 2 hours and was
subsequently allowed to cool down. Different sanples

of the dried carrier were hydrojysed in different

ways. Catalyst 1 was prepared by cooling the silica

carrier to.r.oomtenperature .and subseguently

T SO o S ap T Br St TS TS Atrogerature of
wat er4as’simlar to the pore volunme of the carrier.

Excess wat er was subsequently renoved by drying the
carrier APC1DYIBE ARG AGTFIRGEr SPTIRRGIWAKE Sulgequently

prepa et Dy abhfg2the°Sild GA Garb8R Lemdsphere during
tenperature of about 150 OC and contacting the carrier

wi t h Stheamshavicngoataehpraitdy @ eRs150rog@n, consisting of
Conmp |\ . \\as epar.e 00l i n '
e A T s ke
andcdmadcitiong ittheiomt et eachiidihidst eanehavi@gwath the help of
ten‘peratLJJ‘rﬁgtof. 400 OCE. The dr ol sed.garri ers .,

obt ai Hed Wt SabsBGaehtY y i T8 At Sabdit C2567 0 57 4ere
ni t r og@r&fimsrhenehdas i iy chhauw SmprdgheNta@ct L6 Vé i

a gas stream consisting of titaniuntetrachloride. The

gas SIEARMEY dbfafiedobyt Hedtiufyon total amount of

titaniggiefdacd eardeeto 200 OC with the help of an
el ectrical™ heating system The silica carriers were

i npregnallég suRregRAtes GBCalNSEApklyh alichicwmd Weire calcined
_Cont aé@i 8t 36 d(@@naf 7t1i1<g1§f‘é urgn ctaQEilheénQé'@él)Pgts were

i npregnated carrier.

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 N1l per hour.

The catalytic performance of the titanium catalyst
samples was tested in an l-octene batch test. In this
test 50 ml of a mixture containing 7.5 $wt ethylbenzene-
hydroperdxide, 36 %wt l-octene and the remainder being
ethylbenzene, is allowed to react in the presence of 1 g
of catalyst at 40 °C while being mixed thoroughly. After
1 hour the mixture is cooled in a mixture of ice and
water to end the reaction. The concentrations of
ethylbenzene hydroperoxide and l-octene oxide are
determined by {(iodometric) titration.

In table 1, the conversions and the selectivities are
given for the catalysts derived from carriers hydrolysed
at different temperatures. The conversion is the

percentage of ethylbenzenehydroperoxide which has been
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at 600 OC during 7 hours. The cal cined catal ysts were
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hours. The steam fl ow consi sted of 3 grans of water
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catalyst 3CL Al MS 1 . Process for the preparation
of an epoxi dation catal yst which process conpri ses:
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from400 to 1000 0C, (b) hydrolysing the dried silica
gel carrier; (c) optionally drying the hydrol ysed
carrier; and (d) contacting the carrier obtained with
a gas streamcontaining titaniumhalide to obtain an
i npregnated carrier, in which prgcess the hydrol ysis
of step (b) is carried out m'aleMErMUreofatrmﬁ
200 C. 2 . Process according to claim1, which process
further conprises : (e) calcining the inpregnated
carrier, (f) hydrolysing the kacided i npregnat ed
carrier, and optionally (g) contacting the carrier
obtained in step (f) with a silylating agent. 3 .
Proceks &eoordsn§or otled ainaphrandbor o2, an repdniciation
proce ydr.ol ysi f_.step (b) conprises treating
t he cgf?%£§%%&4%$%?tggﬁfgis.é?ﬁiﬁ%é%?”according to any
one ofa} kieypngcedshDicd ajais carrivhi ab proagsscdtiee of from
anoun f titanium halide supplied in step (d) is such
t hat %%@ ?%é“ﬂgiagkratio of titanium halide added to
silicon presentysingtiee carildekilscaf gér omof i fr;om
0.050 to 0,063. 5 . Process according to any one of
t he pfeke@tagnetlsy ndrying hicchypred¥ssd t prr ey /stedam
consi 845 Bhihttany umdaldde.8- BLe¢Rss RGP HIE KRream
any one of the precedi ngs

containing titanium halide to obtain an impregnated

carrier,

in which process the hydrolysis of step (b) is carried
out at a temperature of at most 200 °C.
"2. Process according to claim 1, which process further
comprises:

(e) calcining the impregnated carrier,

(f) hydrolysing the calcined impregnated carrier, and
optionally

{g)} contacting thé carrier obtained in step (f) with a
silylating agent.

3. Process according to claim 1 and/or 2, in which
process the hydrolysis of step (b) comprises treating the
carrier with steam.

4., Process according to any one of the preceding claims,
in which process the amount of titanium halide supplied
in step (d) is such that the the molar ratio of titanium
halide added to silicon present in the carrier is of from
of from 0.050 to 0,063,

5. Process according to any one of the preceding claims,
in which process the gas stream consists of titanium

halide.



claims, in which process the silica gel carrier has a

surface area of at nost 500 m/g . 7 . Process for the
wonrepaozs on of al kyl ene oxi de whi ch process cBapmEP3®3/051306

contacting a hydroperoxi de and al kene with a

het er ogeneous epoxi dation catal yst and wi thdraw ng a

product stream conprising al kyl ene oxi de and an

al cohol and/or water, in which process the catalyst is

according to any one of the preggeding clains. 8.

Process according to claim?7, in which process the

al kene i s propene and the al kyl ene oxide is propyl ene

ide. 9 di im7 / -
1198 95:o Tl AR ARERLILROeAD Bl R Tandiar Bunkd

hydr eperiems, dénantdich puadsst hbeakdohok gs&l lepheiwd has a
et hanol. 10. Process according tqQ claim9, which
pr oc 35 faget heeacohprt seastdd®Pdmatton of

1-pheﬂy|§£ggggg fé% %%%abge§£¥£€{@% 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 is according
to any one of the preceding claims.

8. Process according to claim 7, in which process the
alkene is propene and the alkylene oxide is propylene
oxide.

9. Process according to claim 7 and/or 8, in which
process the hydroperoxide is ethylbenzene hydroperoxide
and in which the alcohol is 1-phenyl ethanol.

10. Process according to claim 9, which process further
comprises dehydration of l-phenylethanol to obtain

styrene.



