10

15

20

25

1 PROCESS FOR THE PREPARATI ON OF EPOXI DATI ON
CATALYSTS The present invention relates to the
preparati on of an epoxidation catalyst and to the
process of preparing alkylene oxide with the help of
such catal yst. Background of the Invention 5 An
epoxi dation catalyst is understood to be a catalyst
whi ch catal yses the manufacture of an epoxy group
cont ai ni ng conpound. A well known process conprises
contacting a hydroperoxi de and al kene with a

het er ogeneous epoxi dation catal yst and withdrawi ng a
10 product stream conprising al kyl ene oxi de and an
al cohol. Catalysts for the manufacture of an epoxy
group containing conmpound, are well known.
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Catalysts for the manufacture of an epoxy group
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 ccntinucus 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.



10

15

20

25

30

Summary of the Invention The present invention relates
to a process for the preparation of an epoxidation
catal yst, which process conprises inpregnating a
silicon containing carrier with 5 a gas stream
consisting of titaniumhalide. A.catalyst of inproved
sel ectivity was obtai ned even though the carrier had
been in contact with the same anmount of titanium
hal i de. Detailed description of the invention 10 The
catal yst of the present invention is obtained by

i npregnating a silicon containing carrier. In
principle, any silicon containing carrier is suitable
for use in the preparaﬁion process according to the
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Examples of silicon containing carriers comprise
zeolites. Preferably, the silicon containing carrier is a
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
peiformance 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 carrler 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. h

The silica carrier preferably is a silica gel. The
sllica 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 dioxilde distinguished
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containing gel. In general, silica gels are a solid,
anor phous form of hydrous silicon dioxide

di stinguished - 5 tenperature of from450 to 800 C
nore preferably of from500 to 700 C. The silica ge
carrier for use in the present invention preferably
has a surface area of at nost 5 1000 n2/gram nore
preferably at nost 800 n2/gram nost preferably at
nmost 500 nR/gram Titani um halides which can be used
in the process according to the present invention
conprise tri- and tetra-substituted titanium

conpl exes which have of _from1 10 to 4 halide
substituents with the refainder of the substituents,
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FRoPPRde pE erags bei & ikherel oproagamiunOnal fdevwever, |imted
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 gas stream consists of titanium
tetrachloride.

The pregent 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
iﬁpregnated 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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anounts of further gaseous conpounds are allowed to be
30 present during the contact between the silicon
containing carrier and the gaseous titanium halide.
The gas in contact with the carrier during

I npregnation preferably consists for at |east 70 %
of titaniumhalide, nore - 6 specifically at |east 80
%, nore specifically at least 90 %w, nost
specifically at least 95 cwt. Gaseous titanium halide
can be prepared in any way known to soneone skilled
inthe art. A sinple and easy 5 way conprises heating
a vessel containing titapiumhalide to such
tenperature that the gaseous titaniumhalide is
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cg ri ses subjecting the inpregnated carrier to a
2 g%%v%%ure of at least 500 C, nore specifically at
| eastend®elly, Preflapedtdmated [varcidcwhbk ibencalsineadri ed

AWl si¥sedudRIROR R f el héfork B8SIngORELCas L OM a
practical _20 point o Lew, it i referred that the
CaFeI YRR | Bh 1o BREVEY (AT £aPRti o SPORRE: 1000 C
Hydrodeps hglisfe, t twrel aprdgbealded kydtoged gibdedidearri er
GARCH SN ¥Ermdd Bfdd 98ad1aBHSor ThEalINAr AMALSardf the
i npregnated carrier wl | enera%%g sgqsym§4 nre

SFE SETPRHDGS  BResERt oBnte RUHTARey 8 18 S HERarri er
behoaiing carrier.

The optional calcination of the impregnated carrier
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
subseguently 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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I mpregnation. Accordingly, this hydrolysis of the

i npregnated carrier is suitably carried out with steam
at a tenperature in the range of from 150 to 400 C
Preferably, the hydrolysed inpregnated carrier is 30
subsequently silylated for instance by contacting the
hydr ol ysed i npregnated carrier with a silylating
agent, preferably at a tenperature of between 100 and
425 C. Suitable silylating agents include

organosi lanes like 7 - tetra-substituted silanes with
Cl- C3 hydrocarbyl substituents. A very suitable
silylating agent is hexanethyldisilazane. Exanpl es of
specific suitable silylating nethods and silylating

%Q‘E‘Péfsu%@;tuft% A 1bAsd %@Gﬁ cldégq{ VaPEch b1
US- A- 3, 829, 392 and US- 3, 923,84 which are referred to
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GRIPOURY, rStizRed@SoAiR AsLa0g, 030, 39, d8ng 18 the only
net al and/or net al conpound present As menti oned

dpote’? 4% s well known in the art to 15 pr oduce
al kyTrenemoxitdes, tisaniumadap mepyl e t bianden) w1l

%%%éﬁfbt bON Pknk *l%n&é’rc{f%P&{‘@' PAPheil 'H} Ysigng, a
hydr oper oxi de such hydr o %Q?OXI or an orgam C

YA F ¥ 8%i themad "t°h5% %u}"%jeg gefP ot weidht
foed e P ermoxl e . Bﬁfebﬂomdtﬂ@mmpetroauicieamiunany or gani ¢

né&ﬁﬁﬁoéﬁcﬂ? asla g‘i@ eJ dQUti)él KW U oPERx1 de,

yar oper oxi [benzene. hydroper oxi de.
ﬁ‘i’é/‘ai'- R‘?ﬁélvﬁq“ﬁ’m@"@nﬁ%ﬁ@ﬁ be propene whi ch gives as
al kyh€enenoxsra, afpivepyitcde 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
hydroperoxide as the source of oxygen. The hydropseroxide
can ke hydrogen peroxide or any organlic 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 furthex
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 preduct stream comprising alkylene oxide
and an alcochol and/or water, in which process the
catalyst has been prepared according to the present

invention.
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oxi de. The catal yst prepared according to the present
i nvention has been found to give especially good
results 25 in such process. Therefore, the present
invention further relates to a process for the
preparation of al kyl ene oxide which process conprises
contacting a hydroperoxide and alkene wth a

het er ogeneous epoxi dation catal yst and w thdrawi ng a
product stream conprising al kyl ene oxi de 30 and an

al cohol and/or water, in which process the catalyst
has been prepared according to the present invention.
- 8 A specific organic hydroperoxide is ethyl benzene
hydr oper oxi de, in which ¢ase the al cohol obtained is

1- phgnyl g?%urtgéan Ihﬁmggfa&dstﬂageﬂag%igmev s

COI’]VGI‘ atron to aln styrene 5

AntstrReeroxdtevodnf W chr erffc Ly 2peelipH ebfeiside is t he

cn-pm&ﬁsam@thmlofmg QPM{&x@vﬂieﬂi&th @ndlrgetibyl tert-butyl
Sk L MTBRL L ALY L, L0 SgPYAe Andopropene. This
process e ar volves sim |l ar

r eacan@irilestlwémésfqrherW#% @FBPSGWP etrddexigd&he
pé@-‘ﬂ:%&ddﬂcnlcbfpﬁﬂfﬁi&éi e%caé kad nmdtnih e;a&i;emi@us

d tep tert-
KA S R L R
myylserv@ wslldénepnd inethte bot and| inv‘ﬁéms Bbmlmfol is
Sf@%%%&mttle%( s Qlshedd GtethrelbVIBRE oRtdd!pl-B&ictaBhhod

c rises r%fﬁggrét%cture 011: 15&gxl§{;}mgomde wi th
“faf g'°5F PRIt s PaEREd

renn;&eatinnthtepxygﬁﬂrbgtyknhwdtqpe&gxxﬁecu$nﬂ$ected with
hYSUERRET Rhfley pEPRRRe BAHEPRIOKE dephtdtD10bidkned is
reacted W th ggne in thg %&gsengﬁ gf an epoxi dati on
cREPpL 1% 8“’?/'? YopyreEtEt kAt JABE 2- phenyl
pr opandézth2d rEtbod abhpriseanttze memyfagttdofnt o cunene
mﬁf&%y&@ﬁé'&ﬁk&b‘@&th 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.

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 liquid phase.

The invention is further illustrated by the following

[

Examples.
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a heterogeneous catal yst and hydrogen. Suitable
processes are described for exanple in WO 02148126.
The conditions for the epoxidation reaction according
to the present invention are those conventionally 25
appl i ed. For propene epoxidation reactions with the
hel p of ethyl benzene hydroperoxi de, typical reaction
condi tions include tenperatures of 50 to 140 C
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 follow ng
Exampl es. 9 - Exanples The silica gel carrier used in
the exanpl es had a surfate area of 300 n2/g and a
legverage particle size of about 1 mm

3 %ély aII particles had a 5 particle size
betvvér CArffliIcaryier wedgimthe ofxagbléx daded carri er

WaGr filick e4k-edt o2 H0Gr2 r dri d silica
g }_r CaLr|.¢ er{;\/\fs gont%gtggﬂ%wa?g%g %esrzgg p“t?h

con? ai’hi A S urRetratAl oy jadd. P%Cﬁ%ﬁs hgdream 10
\Aﬂ%rfeﬁialsried Yervhemtd.gand animnt et rachl ori de to 200 C

i th78ngedhe! or Qi a0k Sbeclibeal Jgaliig AR e

foereg as streans were obtal ne
MHBIAPURBUNt s of nitrogen. At the end of each
expefhepiried erdlicsidellClarriar iagl cddchbQERiLR Feakact
V\gg{é hN&rea % AMPHL, anjuntetrachl ori de. The
g%rg nat ed célt%al i égl]t:' %I’}Et allcrlleegtIE rB5 5 Med  at
oP¥7 bRt t#%?@iera#q?wawo@&wtpse@onere

swb:é!ethemeu.g agont aﬂIeG:eratthé‘dt&ﬂé’n@%t&@5 DiffdinRg 6
B&éﬂr StrebhS L2000 RN Sh§EG e Prd o B Of water
nitrogen. At the end of each experiment, each silica
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 calecined 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 cobtained 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 12¢ °C, a stripper to
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20 hour and 8 Ni of nitrogen per hour. Finally, the
catal ysts were silylated at 185 C during 2 hours by
bei ng contacted with 18 grans of hexanet hyl di sil azane
per hour in a nitrogen flow of 1.4 N1 per hour. The
catal ysts obtai ned were anal ysed for the amount 25 of
titanium deposited on the carrier. The selectivity of
the catalysts was tested in a continuous epoxi dation
bench scale unit containing a nunber of vessels on
automati c wei ght bal ances containing respectively the
et hyl benzene hydr operoxi de and propene 30 feed
streans, two high pressure punps, a fixed bed
reactor, a third punp for punpi ng a recycl e stream

a ans |nt t he reactor
con{’v%l}ggh# %Oﬁ?nq C:Q}?ec’rng %sr els bét \%Bene'Gﬁ a®i2o ¢ a
smdj ppisssed &rloecﬁﬁméhﬁltghﬂu#m ling components |ike

pr OPERE fedds Q@L@ rsupgmdaw a—.sseies‘c%r rAGetyd Rgot he
guct The f eeds a g kg the reactor via
B8 ssohrs Ropve el nstr DReLitE heret EBURERG: betor o
éthemmors ’Ithherq’a@set oras Emate@dnguid/vsfslbmr at ed
l4oabish bbdsidl 44 Bares. Dheﬁa%é& e:@@éw%&eanwaar ge

cle streamwas nmaintained over t reactor to
W&gét?%ﬁh%?%r‘h%ﬁ?‘é’f‘?roP Wet’rfé’tPa‘HPﬁoPp%%’&la‘hd to
erfsthe rehaton bed catdaty Snstxe bhat rtbeacatialasedol ke

Cz%nhéﬂv%@ea\" J.tsh c@zpc@é'l:g@t#i@ﬂ Jp%ﬁ?&alt@gn 1QaReogduct . The
was_m xed with fhe rec%lth‘B st ream prior

AOP BT T I o 1% b AL Ehe TR P LB CERI PSR of
40 Yetrcoucirapéme; tBO Ldactaf. et hyl benzene

hydr aRerQx) %n@ﬂ&eﬁoof% 9«31: %E '"ﬁ(rﬂoB@Hée% swel 3@ results

obtal ned are given in selectivity is
1S YHRATNZEDE it °B?r°ﬁf%y"l“€n"é’ 895 P PERHRENZEG -
et hyfbenzens shybtdned adedgiveaniremaplle 1. The

selectivity is the molar ratio of propylene oxide formed
to ethylbenzene hydroperoxide converted.
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 hydrelysis
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.



TABLE 1

Exanple 2 Further catal ysts were prepared in a way
simlar to the one described in Exanple 1. However,
the inpregnated 20 catal ysts were calcined for 6
hours (instead of 7 hours) while the steam fl ow during
t he subsequent hydrolysis contained 5 granms of water
per hour (instead of 3 granms of water per hour). The
results of these experinments are shown in Table 2. b
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.-1 NNM13 CL AI MS 1l Process for the

preparati on of an epoxi dat@qon acatml gst, which process
conprises inpregnating a silirca containing carrier

W th a gas stream consisting of titaniumhalide, and

which [ ' in: the 5. ab .
carlf"l e&; gas. ? is%{r: g‘%:lé:és gg%%%%lf%?lr%ﬁ]t%f c?lgi %ﬁ‘?ﬁfﬁ% ﬁg{lch
pr ogssl wéie, whidk gprordas niogprase s eimpsegnatlingaa silica

gel . 3. Process accordinghto any one of the receding
dzﬁ?ﬂfalnlng carrier wi a gas stream consisting o

titanium halide, and which process is carried out in the
absence of a carrier gas.

2. Process according to claim 1, in which process the
silica containing carrier is a silica gel.

3. Process according to any one cof the preceding claims,
in which process the gas stream consigts of titanium
tetrachloride.

4. Process according to any one of the preceding claims,
in which process the silica containing carrier comprises
at most 1200 ppm of sodium, based on amocunt of carrier.
5. Process according to any one of the preceding claims,
which process comprises drying the silica containing
carrier before impregnation.

6. Process according to any one of the preceding claims
in which procesgs the impregnated carrier ig 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 heterogeneocus epoxidation catalyst and withdrawing
a product stream comprising alkylene oxide and an alcohol
and/or water, in which process the catalyst has been
prepared by a process according to any one of the

preceding claims.



i n which process the gas stream consists of titanium
10 tetrachloride. 4. Process according to any one of
the preceding clainms, in which process the silica
containing carrier conprises at nost 1200 ppm of
sodi um based on anount of cayrier. 5. Process
according to an one_ of theégg;cedlng cl

protess WY & cﬁ%ngh?%gPIOCESS the
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any one of the preceding clains ~in which process t .
|npﬁ@gha{ed carrler IS caIC|ned and subsequently

hydr.ol yse P pLes to cI

mhg% é%%cess t%FCO %ﬁ%ﬂyse %ﬁ%?%gna carr?r$g?§s the

suksemiend | Wdatdaedetie W & f\eﬁyslliae/ﬂneém@ thpdesper8xide and
Process faor the preparatjon of atgflene OXIde whi ch

pr ddedhidhgrie esl et hct§ ny R BRI He and
al kene p 2o i d %&Jﬁﬂ@%%@%' dat{ o §ﬁé@é§§t further

and 'wi thdraw ng a product stream conprising al kyl ene
oxictenpaniceemn delpohoitiamdi Orl vighenylerhawmbLht robessn
t he catal yst has been prepared by a process according
to 5%?7 " of the preceding clains. 14 9. Process
according to claim8, in which process the alkene is
propene and the al kyl ene oxide is propyl ene oxide.

10. Process according to claim9, in which process the
5 organi c hydroperoxide is ethyl benzene hydroper oxi de
and in which the al cohol is 1-phenyl ethanol. 11.
Process according to claim 10, which process further
conpri ses dehydration of 1-phenylethanol to obtain
styrene.



