1 PROCESS FOR PREPARI NG AN EPOXI DATI ON CATALYST AND
PROCESS FOR PREPARI NG EPOXI DES The present invention
relates to the preparation of an epoxidati-on catal yst
and to the process of preparing alkylene oxide with
the hel p of such catal yst. Background of the Invention
5 An epoxidation catalyst is understood to be a.

catal yst which catal yses the manufacture of an epoxy
group containing compound. A wdell known process. '
conpri-ses contacting organi c hydroperoxi de and al kene
wth a %heterogeneous epoxi dation catal yst and _
wi'thdrawing a 10 "product stream conprising al kyl ene
oxi de and. an. al cohol. . Catal ysts for the manufacture
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catal yst conprising inpregnating a silicium conpound
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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 preferably comprising an inert
gas. In the example, it is mentioned that dried silica is
.used _ _ '

US-A-6,114,552 teaches the use of a high surface area

silica support or the like having a surface area greater

than 1100 m2/g iﬁ preparing epoxidation catalysts.

The high surface area s0lid is impregnated‘with either ‘a

solution of a titaniuﬁ 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 impregnatlon, for example

by heatlng for several hours at a temperature of at. least

200 to 700 °C. The exemplified silica supports to be

impregnated with‘gaseous titanium_tetracbloride, were

dried at 450 °C in air. R



- 2 US-A-5,932,751 describes the preparation of
titanium on silica catalysts in which the silica has
been washed prior to the deposition of the titanium
conponent thereon. A solution is used for depositing
the titanium 5 conponent. There is a continuous
interest in inproving the selectivity of epoxidation .
catal ysts in general, and nore specifically ‘ ‘
of -catal ysts for the preparation of al kylene oxide,.
We found a sinple and attractive way to achieve 10
this. -Summary of the Invention Surprisingly it was
found that the selectivity oL @an. epoxidation catal yst
is influenced by the way in which- the silica ge

carrier hasabeegydrisedadRirabes el B’Eéﬁﬁfﬂtibﬁnef Wikanium

onIy information in the prior art on r st
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i nproyggs. sel ectivity after having been reacted with
gaseous tltanlun1cogpou ds. . Therefore, the present
mvenE.EﬂMﬁﬂﬁg‘&s 30 for the preparation
of an epaNirgai bRy BAtAel ¥8s Solandhchatpithe esslectipity axf an
epoxidation catalyst is influenced by the way in which
the silica gel carrier has been dried before
impreguation. The only iuformaticn in the prior art on
the drying step, is that it is carried cut_id order to
attain a sufficient degree'ofrdryness. There is no
teaching or hint that the selectivity of an epoxidation
catalyst can be improved by changing the drying
conditions before gaseous impregnation. Surprisingly, we
found that a more selective catalyst could be cbtained if
the water was remcved from the ailica carrier at a
specific temperature before the contact with the. gaseous
titaniumchloride Without w1shing to be bound to any
theory, it is thought that drying at this specific .
temperature creates surface sites which have improved
selectivity after having been reacted with gaseous
titanium ccmpcunds

. Therefore, tlie present invention relates to process
for the preparation of an epoxidation catalyst which . ’

process comprises.‘




- 3 (a) drying a silica gel carrier having a wei ght
average particle size of from0.1to 2 mllinetre at
a tenperature of fromnore than 200 to 300 C, and (b)
contacting the carrier obtained in step (a) with a 5
gas streamcontaining titaniumhalide to obtain an

i npregnated carrier. An advantage of drying at
relatively low tenperature is the fact that this
reduces the tine required for .preparing the

epoxi dation catal yst. The present invention 10 is very
surprising in view of the benefgts of having a |ow
dryi ng tenperature. and the inproved selectivity
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30 The catglyale 0l odfie BOEAGL MIVEN LACAS, QRBHI char

dryin i*cCa~gel carrrer, and
the drying of step (a) is carried out a; a tempe:ature

15 ‘which is highei than the temperature at which the '
| impregnation of step (b) is carried out. Such drying:
ensures that there is no substantial amount of water
present during impregnation of the silica gel carrier
with titanium halide. This prevents that a substantial
20 . amount of the titanium halide reacts with water. Reaction
' between titanium halide and water'makes that titanium
compounds are formed which do not contribute to
cataiysiﬁg the epoxidation reaction such as titanium
. oxide. .
25 A further preferred embodiment compr;ses supplying an .
' amount of titanium halide in step (b) which is such.that
the molar ratio of titanium halide added to silicon
present 'in the carrier ls of from 0.050 to 0.063.
Detailed descrigtion of the invention ‘ '
30 .. The catalyst'of'tﬁe present invention is obtained by
drying of a silica gel carrier, and supsequent'
impregnation of the carrier. In principle, any silica gel



I npregnation of the carrier. In principle; any silica
gel 4 <carrier is suitable for use in the preparation
process according to the present invention. It is
known that contam nants can influence the performance
of the final catalyst. It has been found that 5 gas
phase i npregnation according to the present invention
gi ves especially good results if the silica carrier
contai ns at nost 1200 ppm of sodium nore specifically
at - nost 1000. ppm of sodium Further, the silica
carrier preferably conprises at nost 500 ppm of :
alum nium at 10 nost 500 ppmro# —<al cium at nost 200

.ppm of potassium at '~ nost 100 ppm of magnesi um and at
nost 168TpEen d PrifmbleTher siski bR thel Prapayanionoprapsss
| n theapeosaiy OVEIM pRBs&AN thleRlidic Pl e be any

carrier derived from ['i con containing gel. In
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o 15hardnesslus,urainae§hm£&orﬁmt P@aeous silicon dioxide

distinguished from other hydrous silicon dioxides by
their microporosity and hydroxylated surface. Silica gels
usually contain three-dimensronal networks of aggregated
- giliea particles of colloidal dimensions. They are

20 typically prepared by acidifying an aqueous sodium
silicate solution to a pH of less than 11 by combining it
with a strong mineral acid. The acidification causes the
formation of monpéilieilic acid (Si(QH)q),_which

polymerizes_ihto_perticles'with interhal siloxane -

25 linkegea_and external silanol groups. At a certain pH the

"polymer parrieles'aggreqate,'thereby formiﬂg chains and
ultimately gel hetworks. Silicate dencentration, _
temperature, pH and the addition of coagulants affect

7 gelling time and final gel characteristies such as
30 density, strength, hardness, surface area and pore
| volume. The resulting hydrogel is typically washed fres
of electrolytes, dried and activated. A suitable srlica
gel carrier would be silica suppert V432 and ' |
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vol une. The resulting hydrogel is typically washed
free of electrolytes, dried and activated. A suitable
silica gel carrier would-be silica support V432 and 5
DAVI CAT P-732, which are comercially avail able from
Grace Davison. 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
m2/ gram nost preferably at nost 500 nR/gram
Generally, the surface -area will be at |east 10
2/ gram nore specifi cally at ~ beast 20 2/ gram
Silica carriers which were found .especially
sui t ablbgvﬁ%lr F-J8Rf add chr sre aon@8Pc TG adLl13blé Cor e
carri efcraBavpdid sagW\ei ght average particle size of
substanti al | rmre than 2 mllinmetres, such as silica
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N the ipveselt pE¥SINA2Y. nfRa! bGkEac agga MY 20 e
ound to be especially suitable were weight average 15
-‘Ibartu clt80¢n'egram, faasm Dreferebly Satmmost08®D m2/gram, most

f f 0.4t t ficall
S AR o o b R )

obser vedea fwitthebsi 41 Q@Sst‘ﬁ%nhﬁyéEé}H makes ! ecE? cJ%i nat
subj ec#ed to a retreat ment 20 conprisin

the siff¥%Hn 280?1 4gramgSthiasi gel aa&treabsemieht hyre found

~hydrol y Ig by ai ned,  Hydrolys
Conpr | si%&?‘?gg |%glt{a 6 car°1r| PeFItdach %?%Pf ?Dgt"éza'ﬁ\

105 ef er abl Pilige galdcetxisirs havirgy i eeignt a%kil;aﬁt;ﬁaﬂicle
I
25 vacny 1o oty subRnt S AnkS L0 S RIL SR, ik ad

25 washj n% treat nent usi'ng
mi ner af 3CACE ST ¥ 5&@1‘éﬁ)u§eselmundnnot tan banswmitiable for

salt afsed inCoORdI eRp i Iy g
still Pe dg{:gsb rﬁi@gfter r{%%ge%%rgﬁ%ggfeel g_‘é%% g’?'é%bfere

r enov el e especially suifable were weight. average
15 . particle sizes of from 0.2 to 1.8 mm, more specifically
of from 0.4 to 1.6 mn, most specifically of from 0.6 to
1.4 mm,

A further improvement was obeerved if the silicon
containing earrier had been subjected to a pretreatment
.?0 ~~ comprising calcining the silicon containing carrier and
‘ subsequently hydrolysing the carrier obtained. HydrolySis
- comprises treating the carrier with water or steam.
Preferably, the hydrolysis is carried out w;th steam.
‘Alternatively, the hydrolysis treatment may comprise a

| 25 washing treatment using an agqueous solution .of a mineral

acid,'an agueous 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
30 removed by drying. Preferably, the calcination is carried
out at a relatively high temperature. The preferred high
temperature calcination treatment comprises (a) calcining .
a silica gel carrier at a temperature of at least 400 °c,



before treating the carrier further. Water is
preferably 30 renoved by drying. Preferably, the
calcination is carried out at a relatively high
tenperature.. The preferred high tenperature
calcination treatnment conprises (a) calcining a
silica gel carrier at a tenperature of. at |east 400 C,
- 6 (b) hydrolysing the calcined silica gel carrier,

"~ (c) inpregnating the hydrol ysed carrier obtained in
step (b) with a titaniumcontaining inpregnating
agent, and (d) calcining the inpregnated carrier.
Preferably, 5 the calcination-of step (a) is carried
out at a tenperature of from450 to 800 C, nore
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" the silica gel. However, 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 § hours. More_specificaliy, the drying is
20 carried out at a temperature of at least 210 °C, |
| preferably more than 219“C, more‘prefe:ably'at least
220 °C, more preferably at least 225 °C.‘The‘drying '
temperature is further prgferablquarried out at a - .
temperature of less thaﬁ‘BQO °c, nore preferably at mpst
25 290 °C, more preferably less than 290 °C, nore piéferab;y
at most 280 °C, most preferably at most 275 °C. Most
preferabl&, the-dryihg température is- about 250 °c.
It was found that the silica gel carrier which had
- been dried in this wayhhéd‘the kind of surface which gave
30 an excellent catalyst upon impregnation with gaseous |
' titanium halide. o
A further improvement was observed if the drying of
step (a) is carried out at a temperature which is higher -

|
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preferably, the drying tenperature is about 250 C. It
was found that the silica gel carrier which had. been
dried in this way had the kind of surface which gave
30 an excell ent catal yst upon inpregnation wth
gaseous titaniumhalide. A further inprovenent was
observed if the drying of step (a) is carried out at
a tenperature which is higher - 7 than the
tenperature at which the inpregnation of step (b) is
carried out. The inpregnation tenperature is the
tenperature of the silica carrier before being

br ought |nto contact with the T seous titani um hali de.
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halide or less titanium hallde. Without wishlng to be

bound to any thecry, it is thonght that this specific
molar ratio gives a bonding of the titanium compounds
which is especially‘advantageous for the Selectiyity of
. the cataiyst. |

20 Generally, the silicon containing carrier is ‘

contacted with the titanium halide in the course of from
0.1 and 10 hours, more specifically of from 0.5 to

6 hours. Preferably, at least 30 %wt of the titanium is
‘added.during the first 50% of the impregnation time. The

25 time cf'impregnatinn ia'taken to be the tine during which

the silicon containing carrier is in contact with gaseous
titanium halide. Moat preferably, the silicon containing
carrier is contacted with a similar amount of titanium _
halide during the full time. of the impregnaticn. However,

30 it will be clear to someone skilled in the art that

deviations from this are allowable such as at the start
of the impregnaticn,'at the end of the impregnation and -
for relatively short time intervals during impregnation. -



25 tinme of inpregnation is taken to be the tinme during
which the silicon containing carrier is in contact

wi th gaseous titaniumhalide. Mst preferably, the
silicon containing carrier is contacted with a
simlar amount of titanium halide during the ful
time. of the inpregnation: However, 30 it will be
clear to soneone skilled in the art that deviations
fromthis are allowable such as at the start of the

i npregnation, at the end.of the inpregnation and. for
relatively short tine intervals during inpregnation. -
8 Titanium halides which can_bg .used conprise tri-
and tetra-substituted titantum conpl exes whi ch have
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present, the inert gaé 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

20 in the absence of a carrier gas. However, limitad 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 impregngtion“prqferably consists for

25 at least 70 #wt of titanium halide, more specifically at

' least B0 #wt, ﬁore:spacifically at least 90 %wt, most
specifically at least 95 swt. Specific preferred |
processes have been described in the go—pen@ihg patent.
 application claiming priority‘of European ..

30 application 02258296.9. ,

‘ ' Gaseous titanium halide can be prepared in any way -
known to somecne skilled in the art. A simple and easy
way comprises heating a vessel containinQAtitanium.halide



and the gaseous titanium halide. The gas in contact
Wth the carrier during inpregnation preferably
consists for 25 at least 70 %u of titanium halide,
nore specifically at |east 80%u, nore: specifically
at least 90 %w, nost specifically at |east 95 $wt.
Specific preferred processes have been described in
the co-pending patent application claimng priority
of European.. 30 application 02258296.9. Gaseous
titanium halide can be prepared in-any way known to
soneone skilled in the art. Asigmle and easy way
~conprises heating a vessel containing.titanium halide
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19Ut compounds present on the'sﬁrface'cf the silicon
containing cairier. .
The optional calcination of the impfegnated carrier
generally comprises subjecting the impregnated carrier to
a temperature of at 1east 500 °C, more specifically at
20 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 p;eferred that the calcination
temperature applied is at mbstHIOOO °c.
. “ Hydrpleia‘of the impregnated and calcined carrier
25 . can remove Ti-halide bonds. The hydrolysis of the |
impregnated carrier generally will be somewhat more

impregnation. Accordingly, this hydrolysis of the
. impregnated carrier isrsuitably carried out wifh steam'at
30 a temperature in the range of from 150 to 400 °C.
- Preferably,-the_hydrolysed impregnated carrier is
subsequently silylated. Silylation can be carried out by -
cohfacting the hydrolysed impregnated carrier with a

severe than the optional hydrolyéis of the carrier before



at a tenperature of at least 650 C. Froma practica
point of view, it is preferred that the cal cination
tenperature applied-is at nost 1000 C. Hydrol ysis of
the i npregnated and cal cined carrier 25 can renove
Ti -hal i de bonds. The hydrolysis of the i npregnated
carrier generally wll be sonewhat nore severe than
t he optional hydrolysis of the carrier before
I mpr egnation. Accordingly, this hydrolysis of the

- inmpregnated carrier-is suitably carried out with steam
‘at 30 a tenperature in the range of from 150 to 400 C
Preferably, the hydrol ysed i npd8gnated carrier is
subsequently silylated. Silylation can be carried out
by . ebhtleEtinagaeant, hprrferpblyl stnprtepperetucearafi between
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substituents. A very suitable 5 silylating agent is _
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et hodguauhisl bi(kﬂdtﬁﬁg%@ﬁbés Hrfty sil\WatiNgl MRk are,
descrlfed,ln US- A- 3, 829, 392 and US-3, 923, 843 whi ch
are ret®r ARFtERCT  de8cnikedoin USsA-3, 84/ 393 and

. EP- A- T8+ cngslmihmiaﬁmwl | brﬁfeﬁﬂdﬁaﬂobtﬂiﬁ (ues?nf,t@ml, %eﬁ,
t1tani W . y be In the range o rom 0.

. to 10¢%g;jﬁb#bﬁ%gﬂh§gftably 1 to 5% by wei ght; based
10on total Wheginowft blictitaalah yis mexflldicabi yanitum) asad 1M

s ¢ 15 BOMS anl e ol ST sniofred Bt She
ment i cheldabByve, td 5% by wellbhkndased nor Itotal tweight of the
Do SR e es, e BEPUIEE ol
such as a salt or an oxide, is the only metal and/or
15 metal compound present. _ o
| . As mentioned above, it is well known in the art . to
produce élkylene oxides, such as propylene oxide, by -
| epoxidation of the corresponding clefin using a
| hydroperqxide such as hydrogen péroxide or an organic
20 hydroperoxide as the source of oxygen. The hydroperoxide
can be hydrogen peroxide or any organic hydroperoxide
such as tert-butyl hydroperoxide, cumene hydroperoxide
and ethylbenzehe hydroperoxide. The alkene will Qenerally'
‘ » be propene yﬁich gives as alkyieﬁe'bxideg prdeIene
25 - oxide. The.catalyst prepared accordihg to the present
* ' invention has been found to give esbecia11§ good'résults
‘in such.process. The:efore{rthe presentiinvention further
relates to a process for the preparation of glkylehe
oxide which process: comprises contactingla hydroperoxide
30 and alkene.with a héterogeneous onxidation catalys£ and
. withdrawing a product stream comprising alkylene oxide
and an alcohol and/or water, in whiéh‘ptocess the
.catalyst is according to the present invention.




hydr oper oxi de such as hydrogen peroxide or an organic
20 hydroperoxide as the source of oxygen. The

hydr oper oxi de can be hydrogen peroxi de or any organic
hydr operoxi de such as tert-butyl hydroperoxide,:
cunene hydroperoxi de and ethyl benzene hydr operoxi de.
The al kene will generally be propene which gives as
al kyl ene oxi de, propyl ene 25 oxide. The catal yst
prepared according to the present invention has been
found to give especially good results in such.
-process. Therefore, the present , i pventi-on further
relates to a process for the preparat|on of al kyl ene
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15 he” hePBoBYLSATERSS ML riHe pEJeCel BuBline Jf s dedeess,
react e¢umbhdé X ygetted wath dxygkorox airehe form cumene
hydroperoxide. Cumene hydroperoxide thus cbtained is
N reacted with propene in the presence of an epoxidation
! | catalyst to yield propylene oxide and 2-phenyl propanol
| 20  The latter can be converted into oumene with the help of
' a heterogeneous catalyst and hydrogen Specific suitable
processes are described for example in WO 02/48126.
The conditions for the epoxidation reaction according_
to the present invention are those conventionally.
25 - applied. For propene epoxidation reactions with the help
‘ - of ethylbenzene hydroperoxide, typical reaction
condztions 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 ligquid phaae .
.30 - The invention is further iliustrated by the follow:ng

Examples




hydr oper oxi de. Cunene hydroper oxi de-thus obtained is
reacted with propene in the presence of an epoxidation
catalyst to yield propyl ene oxide and 2-phenyl
propanol. 20 The latter can be converted into cunene
with the help of a heterogeneous catal yst and

hydr ogen. Specific suitable processes are described
for exanple in No 02/48126. The conditions for the
epoxi dation reaction according to the present

i nvention are those conventionally 25 applied. For
propene epoxidation reactions with the help of

et hyl benzene hydroperoxi de, typ2cal reaction

condi tions .incl.ude tenperatures of 50 to 140 C
sui t abEyampXest d_4rtb 2C, and pressures up to 80 bar with
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: contalnlng 3.63 %wt of titanium on total amount of

15 1mpregnated carrier.

The impregnated catalysts thus obtained were calclnedl
at 600 °C during 7 hours. The calcined catalysts-wnre
subsequently contacted with steam at 325 °C during

_ 6 hours The steam flow consisted of 3 grams of water per'

20 hour and 8 N1 of nitrogen per hour. Finally, the

. catalysts were silylated at.lBS °C during 2 hours by

'being'COntacted with 18 grams of hexamethyldisilazane per e

hour in a nitrogen flow of 1.4 N1 per hour.

~ The catalytic performance of the titanium catalyst

25 samples was measured at 80 °C in a batch test unit:
cOnsisting of a fixed bed reactor containing 15 grams of
" catalyst, a feed vessel containing 180 grams of feed and
a circulation pump. A mixture of octene and 36 %w '
~ ethylbenzene hYdroperokicelin‘ethylbcnzene wae circulated
- 30 - fhrough-the catalyst bed‘at a constant rate of 5 kg/hr.
| ‘The molar ratio of octene to ethylbenzene hydropsroxide
 was 2.‘Thc temperature of the :eed.vessei and cstalytic

bed was kept constant bf'means of circulating oil.



at 600 C during 7 hours. The cal cined catal ysts were
subsequently contacted with steamat 325 C during 6
hours. The steam fl ow consi sted of 3 grans of water

per 20 hour and 8 N1 of nitrogen per hour. Finally,
the catalysts were silylated at 185 C during 2 hours
by beingcontacted with 18 grans of
hexanet hyl di si .| azane per hour in a.nitrogen flow of
1.4 N1 per hour. The catal ytic perfornmance of the
titaniumcatal yst 25 sanples was nmeasured at 80C in a
batch test unit consisting of 13 £i xed bed reactor
contai ning 15 .granms of catalyst, a feed vesse

cont ai Rh8GcokRBriédBethe (W20 r@pthced Sy Midilidhi 67 gHéB8Bure
A m xture of octane and 36 %w " et hyl benzene
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s 55
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super ¢ehbdCRlrE! Wil s@xw@gga&%&ﬁ%&@aﬂ Qatio of

determi ne the selectivity o hyl benzene
hydr op@Fb¥iee oxide foEped &g ebRytRenzeRe (hygireperotige
1¢5¢el ect c¥hdvd@edare given for the catalysts derived
fromcarriers dried at ‘different tenperature. The"
selectivity is the nolar ratio of octylene oxide
formed to ethyl benzene hydrogebdxiide 10 converted.

Ig?lgxidg?a;nglSe!ect:v:ty : Dréfiﬁpcrattﬁ sé§§g'kgffy T
’ temperature octylene
| (°c) | oxtde(®)
Comparative catalyst A | 150 92.0
Catalyst 1 . 225 : g92.2
Cataiyst 2 256 ' 82.3
Comparative catalyst B | 350 92.1

Examples 3 and 4 , ‘f . .
Silica gel carriers as described in Examples 1 and 2
were dried at 250 °C during 2 hours. o
‘Subsequently, the dried silica gel carriers thus
15 qbtaiﬁed we:e_contactéd w;th‘a gas stream consisting‘ofi.
' titaniumtetrachloride. The gas stream was obtained by
heating titaniumtetrachloride'tov200 °C with the help of
"an electrical heating‘systam; Table 2 describes the molar
ratio of total amouht of titaniumtetrachloride led over
20 the carrier to the amount of silicon present in the
' carrier. Further, the titanium loadings of the catalysts
obtained are given in Table 2. The titanium loadings were
determined by X-ray fluorescence methods. .The catalysts .




~cat al y¥ieht 1‘5 t?laRFe

_n

Conparative catalyst A 150 92.0 Catalyst 1 225 92.2
Catal yst 2 256 92.3 Conparative catalyst B 350 92.1
Exanples 3 and 4 Silica gel carriers as described in
Exanples 1 and 2 were dried at 250 C during 2 hours.
Subsequently, the dried silica gel carriers thus 15
obt ai ned were contacted with a gas stream consi sting
of titaniuntetrachloride. The gas stream was obtai ned
by heating titaniunmetrachloride to 200 Cwith the
help of an electrical heating system Table 2
descri-bes the nolar ratio of total anount of
titaniuntetrachloride | ed over 180-the carrier to the
anmount of silicon present in the carrier. Further,

the tibaye @anPiBildimgdtantun contentawhile substantied lar e
gi ven HIEfE%Qh? éﬁoﬁgﬁg Bftfﬂﬂaﬂmhhgﬁgk{@ESﬁ@%@ﬁused Without

det er m ned -ray{:& uor escence net hod
ug!
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subst asfmidlalryt i €hrfiful 85htEHIDUB! CaRbdt by HheUBTHL Y dember

vvere usgd.., Wthout = w shi ound to any theory,
?ﬁcﬁ:}éﬁf"’ rgart°"§’ﬁeav%jrq%ib ﬁrg’( tgﬁn‘?atﬁﬁlfﬁﬁt ent is
caused by Thbezmmsglnatedwﬂm:ueré wefresticaited guotips as
avail a h Lo npregnated carriers
wer e t!ri)%a g % ﬁ}%‘g‘r g escrléoed in Exanples |and 2.
The sel ecfthei sg«le@ﬂ:wheymﬁ a:hystts:aﬁns@ dibusi cbthiged was
measurggl J n | 10
u@ea ir?%?xx Eaidﬁe iBBoﬁﬁn%%sQ t%%g??gd J.[Pz

exanpl es 1 and exception - t

10¢ont ai ?F?&‘P&%pler?élq ﬁst’é%!d the eeqaptéon Trdiﬂtetbegf%

anal yt¢&aﬂa1aael Ppefk B adabe deebnéhe catal ysts.

. Table Table 2 gives analytical and performance data for the
catalysts

Table 2 _

TI{% w) |TiCl4/5i | Selectivity

ratic . | to propylene

, 1 oxide (%) |
Catalyst 3 | 3.63 0.061 77.2
Catalyst 4 {3.65 0,014 | 72.1

15

20

It'will 5e clearﬁfrom‘rable 2 that a cétaiyst having
a titanium to silicon molax ratio of 0.061 gives a .
catalyst having a higher selectivity thén a catalyst
having a titanium to siiicon-moiar ratio .of 0.074. ‘
This is véry‘surprising in view of the larger amount of
titanzumtetrachloride used in the preparation of the
latter.. '
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Ti(%w TiC4/S selectivity ratio to propylene
oxide (% Catalyst 3 3.63 0.061 77.2 Catalyst 4 3.65
0.074 72.1 1t will be clear from Table 2 that a
catalyst having 15 a titaniumto silicon nolar ratio
of 0.061 gives a catalyst haying a higher selectivity

than a catalyst having a jitaniumto silicon nolar
ratio.of 0.074. This is v ng in view of the
| arger anmount of titaniuntetrachlaride used in the

preparation of the 20 latter 15 CL A1l MS 1.
Pr éGeSQIbGﬁSﬁhéOp‘r sper arieparet ism eforrdapagHdation

CALALLSL LR N 938 oM 2) drying @ of i ca

car avin verage particle size of
f r dan) 0dtviag?2 amslilliiket I’gelatcaa'x‘ietreﬂlmnaigJ ree wdidlrtomverage
nmore than 20Q to Iess than 300 G ). ontactiqg t he
caPRFER CdBt &ifed Hn 128 U-d) YA th m&l 15 Hm

Coetaﬁg@&la@u&iet UH UPRthide EQLPLYN &) 1ddPRaMRIFEh oc;
carri calcining the inpregnated carrier; 10 (d)

hy dieol ysnngctthagca[h@ @ iy @@t@tlmdcam istrep af) with a
opti onal | ntactln the.carri btal step
(o By kSRR A Rt et 2 Qb 48

dr Yin E&eghaﬂéa)déikﬂe& ;carried out at 15 a tenperature
whi ch is_higher than the tenperature at which the

|nﬂFégﬁéﬂFéﬁ1@B $hep irprematad iCeF @ 2. Process
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optionally
(e) contacting the carrier cbtained in step (d) with a
silylating agent,
in which process the drying of step (a) is carried out at
a temperature which is higher than the temperature at
which the impregnation of step (b) is carried out.
2. Process according to claim 1, in which process the
amount of titanium halide supplied in step (b) is such
that the molar ratic of titanium halide added to silicon
present in the carrier is of from 0.050 to 0.063.
3. Process according to claim 1 or 2, in which process
the gas stream consistg of titanium halide.
4, Process according to any one of the preceding claims,

in which process the silica gel carrier has a surface

area of at most 500 m2/g.

5. Process according to any one of the preceding claims,
in which process the silica gel carrier is dried during
cf from 1 to 8 hours.

6. Epoxidaticn catalyst obtainable by a process

according to any one of the preceding claims.
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that the nolar ratio of titaniumhalide added to
silicon 20 present in the carrier is of fromO0.050 to
0.063. 3. Process according to claim1 or 2, in which
process the gas stream consists of titanium halide.
4. Process according to any gge of the preceding

clainms,_ in which process the silic [, carrier_has .
sur7f'ac_@r2’5’ea°‘rseafo§f the RISPAG: 13 gfaf %ﬁl‘aﬁoec‘bess?XIge which
aceHAHANG: (P e ntddie: IHEL @ H Gt d®ide idnd alkene
whi'ch process 'the silica gel carrier is dried duri ngh _

of wiittdmal hed egdgnnenus ermphdaitidoramdrsistand withdrawing
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pr eprl/ald QT aliky veienpeads dhe praxeEssstcoiprasesrding
contacting a hydroperoxide_and al kene wth a

hett€r GFeh&REs Fpdha REEHRABIS A1Mhd withdrawing a _
pr gduct IV 3§ I ; 0Xi - s the
al %dholplé%n 7 6r mtdéﬁdq%r?méﬁ?gclﬁm?r'o?ég?}?% g%kt%cl:?/sét

i s addweorediing praperyy aowk wWie tdidapreste dixigde | b$ progylene
Process according to claim?7, in which process the

al K&1éES's propene and the al kyl ene oxide is propyl ene
oxigde. PR ssPRGRSH 3 HAidIG i Tladt g7 1 whidl process
whi ch process the hydroperoxide is ethyl benzene

hy dihep dyvsiice el dehdl s ftdufidrenzene PXPBEHYE and the
10._-P S cqhdj t |i1m 9, which process
fuﬁlhcgjgl%%czinsg(ril gekgérg'ghyegrkgétr?doln' of 1-phenyl ethanol to
obtiai.n P¥oceigy eiteording to claim 9, which process further

comprises dehydration of 1-phenylethanol to obtain

styrene.



