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 epoxidation catalyst
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.
cat al yst which catal yses the manufacture of an epoxy
group containi ng compound. A well known process
conprises contacting organic hydroperoxide and al kene
with a heterogeneous epoxidation catalyst and
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of -an epoxy group contalnlng conmpound, are wel |
known. EP-A-345856 describes the preparation of such
cat afhys presept i igivept ionmsebatif tAgLRe AnePaFMToRbound
Wint Bp & i3ak 88 Qfta095€ U L8 EHet pRbedRS Qffr pedpringe
prefierably conprising an in gas. In the exanple
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Hachgfouhbd o £ 567 traeehesont he use of a high surface ar ea

silica su rf, or t [1 ke ha rf e, ar ea

gr ea%‘érEp°§88??Fa?P ﬁg?)hﬁsf/ 5%i % ﬁrrgfn%?‘?n%g g%om dati on
catal ysit s:hlEhec&haglysemrh‘lmcmamfea:tgo'hl@if i2s epgtegnat ed
w.th eithe | d

Hskie iR Dy SRHbURS, A wlut oBh R ILCEolt Bee
tdoh&acting peua:axﬂwlhadmﬂemﬁn@ andeplkeneditha?t it is
%%%h&@%n%ohg oﬁrdxtwﬁ c%tt!aiga: Sa&aapmh&awﬁgt@

i mpreghation exanpl e by heating for several :
rper@ﬂsc*atstaeﬁ@nﬁ@wgtimeg Fkyleng oxdfe “angh aPoa%%Riwé The
exenpli{iyadsSEbl GReSHARNACEuE® dFeani %@g@abﬂﬂ Wi th

?qap?lgggr?u}gl tc%pniagtrxgdt etarrg Cvpell r&cr?own \N%E@A—ﬂ’gs%g at 450 C

describes the preparation of such catalyst comprising
impregnating a silicium compound with a2 stream of gaseous
titanium tetrachloride preferably comprising an inert
gas. In the example, it is mentiomed 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 greatexr

than 1100 m2/g in preparing epoxidation catalysts.

The high surface area sdlid 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 impregnation, for example
by ﬁeating for several hours at a tempeiature of at least
200 te 700 °C. The exemﬁlified_silica supports to be
impregnated with gaseous titanium'tetrachlo:ide, were

dried at 450 °C in air.
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-2- US-A-5,932, 751 describes the preparation of
titaniumon 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

catalysts in general, and nore specifically of

catal ysts for the preparation of alkylene oxide. W
found a sinple and attractive way to achieve 10 this.
Sunmary of the Inventiomr &ur prisingly it was found
that the selectivity of an epoxidatjion catal

i nf | Uerfcdd 2B, 1He dragrinesnkie Prapazation of &b a‘l:‘a‘ﬁmri er

Rassbean dok gty bef eheydier WRE e@.rlléltcb.oﬁas TenoRbyhed
information in the prior art _on the dr% %gstep IS

ALY | 0 jthecdPPPBF 180t °F Fo6r H?stfartlé‘m GPPET
 swbbbeh ent sdegeam ok dssdnans. ddfmrieing tiee ticachimg or

hint that the selectivity of an epoxidation catalyst
CERPER® M pr oved by changing the drying 20 conditions .
bef owﬁegﬁ&eoasmrmﬂrmgnatim:esiSmTpp-msrﬂ'giqa the found
that a eLeg t £9Ubd gRRe AP 2R Und fe
tsﬁegeﬁgfv waoé v cr’r%)lvdeg ?go%t¥zgs é)Lilan carri‘er at.a
supecii £icallgmpdr et talashef fote thaepranwration et atkaiene

IQ%Q%gusg%tf‘ﬁﬂﬂ'Hngiﬁﬁié'gﬁh 2Bt L hetivenivs i 8¢ demibee bound

to any eor it I's thought that drylng at this
spdsi-fic tenperature creates surface sites which have
ig{p&,@f dog sﬁiee@_{-,{,y,{ﬁj)bnafter havi ng been reacted vvith

ani um corrp Tg ef or £

v e RUFBFRL Fiae ekt t"t?s ‘é‘i§h ?‘ﬁg et%;r ation
Ofpcl daR DX (Ritia0Rs€ ailsa l;.yislueﬂmedhby tpreo gegs:.m; ampph ses:
the silica gel carrier has been dried before

impregﬁation. The only information in the prior art on

the drying step, is that it is carried out in order to
attain a sufficient degree of dryness. There is no
teaching or hint that the selectivity of an epoxzidation
catalyst can be improved by changing the_dfying
conditions before gaseous impregnation. Surprisingly, we
found that a more sélective catalyst could be cobtained if '
the water was removed from the smllca carrier at a
spec;flc temperature before the contact with the gaseous
tltanlumchlorlde Wlthout wishing to be bound to any
theory, it is thought that drying ‘at this spec1f1c"
temperature creates surface sites which have }mproved
selectivity after having been reacted with gaseous
titanium compounds. ' ’

Therefore, the present invention relates to process

for the preparation of an epoxidation catalyst which

process comprises:
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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 b5,
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. Thé‘ﬁrésent invention 10 is very
surprising in view of the benefits of having a |ow
dr {#)ng drERpe rasdi Eca gLt FRFGIREr RRAERIs 8] Behghy gyerage
obsaiVetle A 8kefFddoPl aRARaLi DL mREBOEL faur t her
conprises that the drying of ste %?)°%§ cgrried out
at teppesapereafr £ram mARFC %2H$&FZP harr

t eqmper &butscﬁnngghg hedrtger i dipaegedtinostep Gtlepith)ais
carried out. Suc rying._ensuyres, that i e.L.S no
suTRs ShFRED %ﬁ%ﬁh{ul}% t\%\g?nlum Kifae t?:g oﬁ&%{? ah ‘

er  present durin

-1 npnegnadtenh cfcriee. silica gel carrier wth titani um

hal i dgy ThisRCEVEr!ayihata 1SRNy Bby AdupERant-of
the titani umhalide réacts with wat ef . Reaction
betmwde Eactrtiham hals dederrs FAE cFimPaRegutifet TPFt ani um

co RGHg ke fPoRBshWBhCldayBe!l MRNbELDIHLE ihGention
catal'ysing the époxidation reaction such ti.tani um
oxt 8 Fery5S B SERE 1 Ve PE e FRE TRt © P}
SUPS) WrRdngNeerd@Rbniredbndi tiNinprdiald delectistiey (b)
which is such that the nolar ratio of titanium halide
ad®RRETY6%si | i con present in the carrier is of from

0. 050 & prosdfiid pbepaiatédn desbrd plimhesf conprisasethdton

o0 ISR b |02 L BaBbe e Ot
which is higher 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 sqbstantial
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
catalysing the epoxidation reaction such as titanium
oxide. ‘ '

A further’preferréd embodiﬁent cdmprises supplying an
amount of titanium halide in step Ib):which'is‘such that
the molar ratio of titanium halide added to silicon
present in the carrier is of from 0.050 to 0.063.

Detailed description of the invention

'The catalyst of the present invention is obtained by
drying of a silica gel carrier, and subsequent

impregnation of the carrier. In p:inciple,_ahy_silida gel
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I npregnation of the carrier. In principle, any silica
gel - 4 <carrier is suitable for use in the
preparati on 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 inpregnation according to the
present invention gives especially good results if
the silica carrier contains at nost 1200 ppm of
sodium nore specifically gt _ nost 1000 ppm of sodi um
Further, the silica carrier preferably conprises at

{ .0 gﬂg%

:r?gg PQrQuQEaﬁ‘Jzéjgbg \5’:@ t]JrQ o mrég%)orp%gb?éslsoo
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| pmﬁwﬁdmﬁ@sutommeat yention. ppm of iron. The

silicatoel \GRLh 'ﬁ{atf Rbntif@ Bt § h@arp&%%@aéndmsatl on
can in principle be anX carrier derived fr
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dlstln ui she Eron1other %us S|I|Qon di oxi des by
tfﬁ%ﬁesnFE? §|?3anﬁ837%g%' Ixy PRt 1467 HEE 128 | i ca

ged:cﬁltahlﬁslaiﬂ yt\oaonizaumpphrceﬁsdrdmslml spetifdchslpfat

g sili.ca parti of coll i I ons.
Tﬁ‘%‘sec ?bggd’ my18fca f/lmprkgupg:ﬁ‘ea b?/hasg&g%l%gﬁgﬁg'
aqurefesaslyliaomprisds aat Boso|S90i ppmtaf @lpkeimiun, e85 t han
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on causes mat | on _ of FTDHOSI icil
adhast( S0P appmt pE mmlpmwbﬁtz@@sn k08 BEFthch-ES“V\A t h

i nterngk $i1:%2g81 2c'_%r|rh£‘¥3ﬂﬁ:5 u38 du%h%r pabseyit! anol
groups. At a certain pol ymer particles

aghregaten ?arperlaberwmﬁgb@cwngawr AREHYRSE EFSM Gl

ned Waides. conidieahe mncmtgaidrem, sivegalsiaee ®#H and
t he addi ti on  of cgg gnts af fect elllng%é|ne and

f i $R1+ Sy e PROTRIREL CRYLRRMF FELEPPTHERS

St deghbns Seedd Fesm, oierf Apdrarscaidhcbrpaiiexides by
their microporosity and hydroxylated surface. Silica gels
usually contain three-dimensional networks of aggregated
silica particles of colloidal dimensions. They are
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 monosilicilic acid (Si(OH)4). which

polymerizes,into particles with internal siloxane
linkages and external silanol groups. At a certain pH the
. polymer particles'aggregate, thereby formiﬁg chains and -
ultimately gel-nefworks. Silicate cpncentration,
temperature, pH and the addition of coagulants affect
gelling time and final gel characteristics such as
density, strength, hardness, surque 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
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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 abl e
from G ace Davison. The silica gel carrier for use in
the present invention preferably has a surface area
of at nost 5 1000 nR/gram nore preferably at nost 800
ne/ gram nost preferablyﬁag nost 500 nR/gram ‘
CGenerally, the surface area will be at |east 10

M2 bgvEdR S I ram
Silica Te:gmc?:gzr r P@?gﬁv\%‘% EXWB?%ClPESvaaé%ﬁ%@?gJIrP?
suFf%ﬁﬁ 2Na¥% surface area of 300 nQ/g 10 Silica gel

steantlall han 2 mllinmetres, silica
G PR e\ﬁéP%Y fiegng %ttfap@ beeasmft ab|ne:srcor use

i nmdteﬂ@r/ §§-ﬁlt oY ich were
found to ge especi g‘lg%éyfggﬁ}? eﬁ%%f? %qhag\/e’f'%ﬁre 15

p&?¥9ﬁﬁrébéYZ&§5moﬁtfﬁﬁﬂnm@/é&éhﬂ &e&efﬁmlynofﬁé surface

spaelfglflcg_l%gl% of fromQ0.4 to 1.6 mm nost specifically

ot t JeastniP ni4 Qﬁ%emowwpgvmaﬂlm

Olmeiseedoiif2 gians 441608 oLORLILILAD 3L T AL Nag, boe

subjected to a pretreatnent conprisi ng
t IRSPSFLREDN %mﬁlalmlmg g ayurfekte itk aS ulaswmaﬁt/by

hydr okys e r |ned

cg ri geis,éb?rgtggt g g rt':':'lgfiﬁil%er Wit %Ek ee‘%/aggr PRt fihe
Prsé‘fzgr gb! Vlbﬁtﬁét%élldwomyse dhag 2anilildgetnds,Wistbh s{seam
Aldienpats vl ¥y chedYdeal Yhaat f&atTepL gg”p{rd S€ a

25 vvashl treat mant usi ng an aqueous SO
midrer Al *iciPgesent &&Hé%‘s"%o?@ﬁ%ﬂi%ﬁlmﬁ adm’ommasal t

orfoand cosTitien akbodi.alNOr 0ftabAaYwid Gl Y GR 1] ?@t still
bgargigfent afte t he pydrol ¥3| is prefera

€ sizes o from mm, more speciflcally
of from 0.4 to 1.6 mm, most specifically of from 0.6 to
1.4 mm,

A further improvement was observed if the silicon
containing carrier had been subjected to a pretreatment
compr151ng calcining the silicon contalnlng carrler and
subsequently hydrolysing the carrier obtained. Hydroly51s
comprises treating the carrier with water or steam.
Preferably, the hydrolysis is carried out with steam.
/Alternatively, thg hydrolysis treatment may comprise a
washing treatment using_an-aqueous solution of a miﬁerél
acid,'an agueous solution of an ammonium salt or a
combination thereof. Any water which ﬁight still be
present afte; the hydrolysis, is preferably removed
before treating the carrier further. Water is preferably
removed by drying. Preférably;.thé calcination is carried'
out at a relatively high temperature. The preferred high
temperature calcination treatment comprlses (a) calc1ning

a silica gel carrier at a temperature of at least 400 °C,
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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 hydrolysed carrier .
obtained in step (b) with a titanium containing

i mpregnating agent, and T —cal cining the i mpr egnat ed
carrier. Preferably, 5 the calcination of step (a) is
catti BydERkySiPaathe capeirgdisdlifa fgegnrasriaty soo C,

{8 Rugf&saklitgOfhe hiyaMBMed 82 CobtirsdChnhi g h

terrperature calcination treatnent,  is carried out

dr§fishy (BECBE AgtHtGiHE-CPFESEHRY | IMPERBAHTs 2880 T4 ed
ouetncDrIdb h&aRﬂhﬁzh@%ea[iﬁlpﬂé};ﬁa)tdﬁod:ayﬁﬁdrca]hl'efelrabDy,yl ng.
or di the seni nyenthp(fgﬂpré
R CeT Ry <Y ISR KBtk AFRE b eRrer: B a
tetqmpeaaUmza @E frmunéﬁﬁréot&ﬂﬂw *2oOnaz et predexradlyThe tinme

duf:l.ld}ggwa &4 fope=@r Y['fngu#:}‘?‘s %r f&g: 'i:urétcraqug;h)(tlon

depend 50on the kind o used and
pr@tﬁﬁé&?ﬂbrﬂs obrrigth oyt he géwin‘}mv@@é#mq fe HP?l ng

V\"Mes%ﬁelﬂénhgﬁ i £ REEESEh Wi hrimg chiemmelb ainut es
hours, nore specifically of from1 to 8

ho‘wdsmlﬁﬁ?% CAFELLY | cally of from1 to 5 hours. Mre -

speci fpirgahd ya,ccbbeud;“ YioNghé préBentirirvedtdon paises
te erat ure of | east 210, C, greferagly nnre t han

eChhpe eFéJr’aFtﬂ“y coptaliog SaneE
prteé:@feabtyreatofl €a&d middte thad (E00df @ity 300ef‘m.errauteutm¢ s

 USUPET BRELEAR! AN bR o LEFREGAL Hogele

noore yheekind Bfy sibsm tdeénueegon a@d e @rgtee@tmgﬂtyof at

Moske 289: 5 JISt yRI&lS&', abhy - Alinf0R{112 GenbrafBSbe
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. More_specifically, the drying is
carried out at a temperature of at least 210 °C,
preferably mere than 210“C, more preferably at least
220 °C, more preferably at least 225 °C. The drying
temperature is further preferably carrled out at a
temperature of less than 300 - °C, more preferably at most
290 °C, more preferably less than 290 °C, more preferably

at most 2B0 °C, most preferably. at mast 275 °C. Most
preferably, the drying temperature is about 250 °C.

It was found that the silica gel carrier which had
been dried in this way had the kind of gurfaqe which gave
an excellent catalyst upon impregnation with gaseoqs
titanium halide.

A further impfovemeht 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 titanium halide. 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 tenperatdre-is the tenperature of
the silica carrier before being brought into contact
wi then tbe gesmpenstord @t whidmlithdeimfreharidrhe silica
cair'rc'n.'tttl |

6F sitep.fof SECEREA Y bl el bBIUANIL, OF echiBppitifre
exb? W@ﬁntemmuneeoﬁ tthe sildcai oarriegr be@mbelnqt has.

begfo gl NEhi&s P.:%ﬁtééé Xutﬂdi/}?é“g%l.@&}és t'ﬁ-.aﬁflﬁn AR
titani'um halide suppli step_(b) 1s such that

p
th‘éhetrhéhﬁo?’dfmﬁat:?’érw #Ft@ﬁq&'m bl gy Fispniwe

canailea@ | hdfrenperats @581t €hd) cBBBier tinBAGasdieate frauind
su&ﬁlrml ar rati ogcit ves a npre selective catalyst

HMIEAPAF YRR SToFPMACEA M dried carrier had
been iMrtiostnact, Wt haei beai foone ddpieattalog 15 hal i de or

| e§§vaﬁa'tt ?”& ud 1'%""1:5 mouH{; %ttti‘é"?ﬁmn[‘%aii)d%)%upBﬁ?k‘{‘é’ it

any t 'S Specl
rastep ng/e@ aﬁulsbntlhatg AR muaamampc@ﬁmmasumm ch

| SsEERBGA! 64 '%eag}é@f‘iqu‘?&u& ff}%mt §50ekECH Iy 1P Thad he

cat al yst 20 Cenerally, 'the silicon containing carrier
i sheefofprrd ddhafi BRCh WOLEF t EAHIGNIHYES dempFe (FedeEblivse

of cd¥ 05t O HarAREmA Do QUE S v 81 SRECH ERéldsieal from
0.5 tq 6 hours. Preferablg at | east 30 %w. of the

tHEDf piEhesgereftitaiun
| MRdXgRAbE Oledsl BBtarii® halide. Without wishing to be

bound to any theory, it is thought that this épecific
molar ratio gives a bonding of the titanium compounds
which is especially advantageous for the selectivity of
the catalyst. 1

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
time of impregnation is taken to be the time during which
the silicon containing carrier is in contact.with gaseous
titanium halide. Most preferably, the 3111con contalnlng_
carrier is contacted with a similar amount of titanium
halide during the full time of the impregnation. However,
it will be clear to someone.skilled in the art that
deviations from this are allowable such as at the start
of the impregnation, at the end of the impregnation and
for relatively short time intervals during impregnation.
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25 tinme of inpregnation is taken to be the tinme during
which the silicon containing carrier is in contact
with 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 mpregnation, at the end of the inpregnation and for
relatively short tine i ntefval s during inpregnation. -
8 Titanium haljdes whjch can be used conprise, tri-

and fEEa0E,Batideg BRLEh CaRi Rftn WERp PRI SRnFEH RRfe
Ofteftlkﬁ%ﬁbstﬁ.ﬁuﬂed1 alikdRi sy Rohpl eed Shiveh hdviee of efwdmder

of t stl uent s y,. beli n .al. koxi am no
grtd’ug %r‘ﬁet]ﬁ? h‘%\ilqﬁ% ’éh%arrf" ndet 12 het?%g singl e

t idmwmdralsr,dsf agynRpbeiy orlkoaiueb@raamm wreup$. The
tit.aniu onpou er.ab um
e ean i A e oy BUPLIRs T SLEE el bl Bl
tetcrr@ehh@rqnj@anrm @ stpet:m#er ©4| titandum bakide70 ot of
tid r;urrekf1 r@@LﬂiaCHltydethé\/ttslttaﬂ.guprrsfﬁaebéaﬁlpﬁhes at
t|t rumhalide 1s tanium tetrachloride ,
prleaééﬁt 59 renof ol tegApR | seiTachtoxide. oftoke grecifivalam

CUPREessN0d ish@nbtBiRahi G celiebielahlig. nde gas
stream consi sts of titanium hali de optionally in 15

cHISERERP O WPEhtHR I HR Raljde 19t iR S t gas i s
pﬁﬁﬁ:&ﬁ&hléﬂ&iel nert gas pref er abl y i's nitrogen.
Especj ectiv cata Sts n

obt ai kg %r T’hveen%ﬁ r5‘%as st?ggmdfso ng

C oatiesti n@nptxflstmg anrtamhulhadédel nPmafelrapivc dde, g%he
P ERALA LAk oCBE 1iRdnPl ned0uloblicnabepnGe Of a
carrier further
gam@usatmrpwmjsararlseatl mﬁed If oapeingrEsed® isduri ng

ot r}?re%%ﬂ& aciy LeLURe NN Bretd 89 £OMiBLEN. GRpebeilly

selective catalysts were found to be obtainable with the
help of a gas stream sclely consisting of titanijum
halide. In such process,'the preparation is carried‘out
in the absence of a carrier gas. However, limited amounts
of further gaseous compounds are allowed to be present :
during the contact between the silicon containlng carrier
and the gaseous titanium halide. The gas in contact with
the carrier during impregnation”preferably consists for -
at least 70 %wt ofrtitanium.halide,'more specifically at
least 80 %wt, more‘speoifically at least 90 %wt, most
specifically at least 95 %wt. Specific preferred
processes have been described in the oo—pendihg patent
application claiming_priority‘of European . |
application 02258296.9.

Gaseous titanium halide can be prepared in any way
known teo someone skilled in the.art. A simpis and easy

way comprises heating a vessel containing. titanium halide
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and the gaseous titanium halide. The gas in contact
Wth the carrier during inpregnation preferably
consists for 25 at least 70 cw of titanium halide,
nore specifically at |east BO %w, nore specifically
at least 90 9%, nost specifically at |east 95 %n.
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. A S|nEIe and easy way

coiPr P LRRBRTATYTE thats GRS Al hamipm bakideidshal i de
- ObtitheauChe t BIger giaing thabe @assav@ tehbafhebp Baki de

: ned. If inert gas is e present, thé inert
ga§anlc]%en lﬁg PERF W@rh?ﬂédh'é’a'faé’d'“{“l id¢m hal i de.
 Gener didngralhy, ithpr Bgsmgedt@cﬂrdatretewdﬂllbﬁe crlleined 5

an a al | Iated
porad FRERLEN AT A KRR L 6T BeeRea IS pla Plarke
pr bstene blenvemae@nasuar tdasrlyst .affbere oz, ptoe geesent
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carrier talne in step ol ysi
call&i rféd—cllﬁ'ﬁ?-‘ég*-ﬁ@t eaprewaéa¢ r¢aéFJ-earmbt‘<§tprlB@nial ly (e)
cogtestiahg tae r@ﬁ'ﬁ:&lﬁmg@ﬁé"éﬁ@xh@d Sin@Regfdced th a

S|h%lat|n %ent bel i eved that cal €i nati on
e hy ap g‘?ﬁ*mﬂ%}]ﬂﬂée) nEREaEHERY 1 CaPRE=HRFdr ogen
chbptaitedwih Céteps (df ofitada UpDiyiIaeasd iayenel titani um

halld and | 5 conpoun resent o he surface
oF | nEESRE, Bed <Rl e BRCHIREL By Sntes By dabaan |
caheliv,i mnre;fsptelmeficq:irlqghﬂﬁﬂ@beoacnlmdegemmllby

COE‘BH@%E% eea%ttl 194 &{‘%bg&ﬁ%ﬁif& G bE %eia.

tenperatu nore Speci |cé%1y at 20
I easmpcﬁmscprﬁ@fcepakﬁhp suhBacralofi Hsg |sonlf=9n carried

OUbontaining carrier. ,

The optional calcination of the impregnated carrier
generally comprises subjecting the impregnated carrier to
2 teémperature of at least 500 °C, more specifically at 7
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 most 1000 °C. '

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

Preferably, the hydrblysed impregnated carrier is
subsequently silylated. Silylapion can be carried out by
contacting the hydrolysed impregnated carrier with a
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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 mpregnation. Accordingly, this hydrolysis of the

i npregnated carrier is suijg@hly carried out with steam
at 30 a tenperature in the range of from150 to 400 C

Praafy %Q@iﬂq atglgﬁ hyﬂe@ki@%‘}l 'an% et%ﬂn%gggtl.braer ro&’eﬂ;e'ﬁws

subséequent g/ ["at ed ion-can be Carfred out:
byt00c8Re o35 NG - tﬁ@mymosglyéatmqmaegnm dahcdate | er with

a orghfos S1dndsat i g t@%suaub@&%ﬁ! Jiggperature

of between 100 and 425 C. Suita ?au ng agents

i fa-GaelYdraganbel | suhetityepsst o rvﬁré’uﬁ‘sltﬁath}?ed sil anes
' A bl e 5

l“lsf Dyl WEheCH RentiShul i ane ) BB S 9201

s lﬁutlﬁBPEe sﬂﬂly’llatiilrﬁg mgbhdrisd end nell il ing |am§nag €S are,

f Gori mﬁgaﬁp&,, descibhedid msUi-$6308382 332 and
Uiﬁ‘sﬁ 843 which are referred to in US- A-6, 011, 162,
n

 BA37 Wy ariorelfr?&rﬁ?ro"tﬂ]ti“of’sﬁ"tsaﬁllﬁlnJr‘f%s
matnal hncER-3-gckued. Will normally be in the range of

fromQ.1 to 10% by ,wei sut 1t05%by
wer gnre F0sa? ooF PR A apciareding € thandpglonila
Pmefrmabby e tint e wangs of Etbraru' llrrtﬁommllblydwelgiw;h as

an .o t he onI nd/. o t al
s%@'(%%% 1r gs?eg% CL%; }f\sf ned °§b% !é f Elg r{%
kﬁe%ﬁlymt-t treferakly, ‘pimucm ot Ieyttehmm @tespousmth as

grsgfgl}ilngﬂge: %’é‘lgeor - o R qgt'll:l-@1 ogiytrt@taqogﬁgfscp:o ndi ng
metal compcund present.

. As mentioned above, it is well known in the art to
produce alkylene oxides, such as propylene oxide, by
epoxidation of the corresponding oléfin'using a |
hydroperoxide such as hydrogen péroxide or an organic
‘hydroperoxide as the source of oxygen. The hydrbperokide
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 alkyleﬁe‘bxide; prépylene
oxide. The-catalystlprepared according to the present _
invention has been found to give especially good'results- |
"in such process. Tnerefore, 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 stfeam comprising alkylene oxide
and an alcohol and/or water, in which process the

catalyst is according to the present invention.
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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, propylene 25 oxide. The catal yst
prepared according to the present invention has been
found to give especially-gbbd results in such
process. Therefore, the present invention further
r el at dsspecifipr oxeandcf bydnoperpxidsad fit 18 1BEN2ENG/ | ene

0% WE&&ﬂd%r Oﬁe%lewmigesesecmal Sitadned is
hydr opér oxi de 30 and al kene with a heter.ogeneous

epbargay oftheapht ye Anehemil eharufd Hgual it d8uct stream

COofgHveTtBg Aldeieensy aéhsi@rataad & oﬁﬂtﬁi)ﬂilodtyaeﬂéor

wat er, in which process t cat al i i S corgl%% to

the pRBSERET MRYROR TG PO mﬁ\ %‘ﬁ:?é%’ Fie °5‘r ganic

hyes-apedast e bf @idpyll beezerde dydlmepbybxieds -butyinhi ch

cas th ohol obtal I ol pp4ilhe
1%16 ﬁcyl M?%an os?ar Ifgglg is%bulaxpg]%% ?Leérﬂéﬁg 'f)hlsh

LsUA 'S~ converte ,
deﬂmycme@us. on Vtailomcawm J-st Yhemat exmwhbvewﬂ%aa# or
pr o, 13d & e°)§£2§eﬁe3/pﬁrgﬁ¥)léiﬁ Bk el ghrb@fic®ion
propyl.ene. oxi e an net tert-butyl ether BNWBE)
stR¥eGas§ feIrRibsdnin 4he B?Rflﬁ’r“ép%?f@gr"l‘ s MFBRess i s
VelbbokRMioh stlep et éfti-batgl mya&bpasoﬁum isirreacead twidm

steps as the styrenel prop e oxid oduct.ion 10
pr BERRENE ESFMNGeBETRY 1PRE %#%é% ghie 5 gé ‘i In the

| epoxitidiult@fo B tigp stitddqulent y¥ eltyldtbmcbin‘d@ M‘IEBEr eact ed

ith ropene form ro ne_o :
¥Mert - gucy E‘f)lller n @%‘P%?F‘Bﬁg 5 é:ggu sglgﬁgﬁ%y Liheritied
i nbpopdfiBhe dxifder Wit unet helb cdnpuieres Lhethvnpragesfe
O clnell QBYEENR LAY Wlied N E@l« Pe ot BARmei N this

pro%ess cunene 1S reac gen_or air to form
cuhpdroperoxide. Cumene hydroperox;de thus obtained is

reacted with propene in the presence of an epoxidation

t 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. Specific sultable
processas are described for example in WO 02/48126.

The conditions for the epox1dat10n reaction accordlng
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, su;tably
75 to 125 °C, and pressures up to EO bar with the
‘reaction medium being in the llquld phase.

The invention is further illustrated by the folloW1ng

Examples.
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hydr oper oxi de. Cunene hydroperoxi 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
hydrogen. Specific suitable processes are described
for exanple in WD 02/ 48126. The conditions for the
epoxi dation reaction according to the present _

i nvention are those conveniéonally 25 applied. For
propene epoxi dation reactions with the help of

n ygdr.oper oxi de, typical reaction
.c Qgel SnQ 9 de tenperatures of 50 to 140 C,

sui t aBhy SlIQC@wmﬁacrlunmSpﬂesrs mSeWRIGSSDa@aa Wi th
th frgacatnle geﬂL P n in th ?ullféj hagg‘1 PO The .
i AVeRfron bics riter (P raf’%log R YO PPoW ﬁ o

Ex%uqaleé about?21 - nmExanbbtﬁnthaamﬁ dllTberE1¢hasahgéla

5 @ffﬁg}ly%q% lge{‘,ﬂ} exagml &s ~surface area of

a welg t average pa ‘icle size of about
1 mm 7Sanfatmly ailigmuoel ctarigadvas Bigdretcle

S'ﬂ%f@?&ﬂ@%@mﬁe@a@&@sldﬁrﬂ? 2/Rofifs@ams of this silica
gel carrier was dried at i fferent tenperatures

dur i n§URSHBERSLY SiBSelEisf 15 i ehddr PREFNTS LAV Yel

Caddtia@hsd tWtite cOMBBEGWING @ §oststceas awrmsalg@s::f
O titanjuntetrachlor,i dg bThe

st.r.eam,consi st ,0f

A B R D B B A 9Rp was Cbiin

t. IHeamuﬂm&tlaaﬁh:h‘mdrdehlorﬂi&OtS 700 Hct hetiedhe nélpacrf

el ect |caI stem T Si.i.C r '

i it ggﬁ%%relf éﬁ% gygy%%efmal EES P44 ?‘le‘é%’é e% RN r| er

camt:anegnartgpcesﬁeh%a tof olbtat:amlaumrmremxa’aéd amgherof 15
| magnalad L0851 Lo ofTE&aam;negpaso%qlcaaamesgi thus

obtai ne re ca ci ned
impregnated carrier.

The impregnated catalysts thus obtained were calcined
at 600 °C during 7 hours. The calcined catalysfs vere
subsequently cbntacted 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 1B grams of hexamethyldisilazane per-‘>
hour in a nitrogen flow of 1.4 N1 per hour.

~ The catalytlc performance of the titanium catalyst
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 bontaining 180 grams of feed and
a circulation pump. A mixture of octene and 36 %w
ethylbenzene hydroperoxlde in ethylbenzene was c1rculated
through. the catalyst bed at a constant rate of 5 kg/hr.
The molar ratio of octene to ethylbenzene hydropéroxide
was 2. The température of thé feed.vessel and catalytic

bed was kept constant bf means of circulating oll.
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~titanium catal yst 25 safp

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 Ni of nitrogen per hour. Finally,
the catalysts were silylated at 185 C during 2 hours
by being contacted with 18 grans of
hexamnet hyl di si | azane per hour in a nitrogen flow of
1.4 N1 per hour. The catalxtlc performance of the

#s was neasured at 80 Cin
a batch test unit -consisting of a fixed bed reactor
cOMECATTRFtES BFiaRe 8RS xeplaFrsdtby hef by opepiessure

COfdrairBL DR £ER0 grrmspftr{eeqéaambn fi Gtled hdki SRa AR
A n1xtUﬁe of octa %w et | benz

3
i et quBEh Bimgrbe RS PREREI S to
t Raneghitdeheaselestivhesd «f eahbeEﬁBané hairepefokide
k ny rati o of octane to ethyl benzene
qépgﬁé %%%Hggiﬁés 2. The tenperature of the feed
vesselnarableal al the seléctividsekagge gbyen fior bhe neans

0fcé¥aﬁ9§£§“&é§9véﬁ'fro$3ca§¥E%r§°@¥fHd3ﬁg &E?f@%%n%ﬂs
repl aced by heliumon pressure control. After

hotRmPerebier e e Ake | 3574 eft kY1 1fashe Rl s e’EFtllS’y°§n li ne
Supsfyleht tdxaak fdihed €BTAITRAS6AAMY hySFdperiotide
detern1ne the selectivity of ethyl benzene

hy P F5EFSXi de 5 to. octylene oxide. In table 1, the
selectivities are given for the catalysts derived
fromcarriers dried at djff.erent "tenperature. The
selectivity is the nnlaﬁjﬁgﬁFg octyl ene oxi de

,fjrned to et hyl benzene hydybper oxi de | SkQeciwidiyt &d.
(B i amay " et ootV b oot BAPS!| Bl FeRg V! ene
' ' (°cy oxide (%)
Comparative catalyst A {150 92.0
Catalyst 1 : 225 - 82.2
Catalyst 2 : 256 S 92.3
Comparative catalyst B | 350 192.1

Exampies 3 and 4

Silica gel carriersras described in Exampies 1 and 2
were dried at 250 °C during 2 hours. |
Subsequently, ‘the dried silica gel carriers thus
obtained were contacted w;th a gas stream consisting of
titaniumtetrachloride. The gas stream was obtained by
heating titaniumtetrachloride te 200 °C with the help of
"an electrical heating system. Table 2 describes the molar
- ratio of total amouht of titaniumtetrachloride led over
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
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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 | and 2 were dried at 250 C during 2 hours.
Subsequently, the dried silica gel carriers thus 15
obt ai ned were contacted wth a gas stream consisting
of titaniuntetrachloride. The gas stream was obtai ned
by heating titaniuntetrachloride to 200 Cwth the
help of an electrical heajj ng system Table 2
describes the nolar ratio of total anmount of

tIhfa@alyrglﬁaﬁgpraahéan'@&texé vh}ﬂ(iet E&&%&ag 0 the

anmount I con resent I n carrier
t I £Eexant amwl@%ﬁjuqig§lbﬁniﬁlnéhm1alay§@%e usistdai ‘Fﬂé'ehoalrte

ghM8RiAR tEABL EodundTRE 4ny &RESH, qedwg&&ﬁ%@ that the
determ ned by X-ray fluorescence mnet hods.

c BABLIR% stlfﬂnl‘H&\Fém&egF niS §Rugsd B the méﬂf RHheE
SWwiFskandrical byoush faval BdbleadRUEHe cakxriddaini uncthl ori de

d. Wthout { t th
TSI GBRE TS FRE e CEPER HBBRE O 1o
caaserhﬂgn uheEsampﬂearlnunber 5 of silanol groups

avai | abl I S
vere T dect IR HEPE S callacIERRI AL RBI AR D
2 mexhver@ellec@n vépoxidptiore p@ac%ﬁwgﬁsdemI@Wt dhned was

ﬁBFéE Ilnaﬁa £RAXhIBRd QRcREOLESEhaE dRSFebhed in' 10
exa and 2 wth the exception that the feed

c SRR P-'H’&ﬂi preperr ingseedPloPCtRttene. Table 2 gives

anal ytdwad 2a@ﬂv@§rafnaw@maq ghd per@bridtee Gatal ﬂ&t She

Tabl e, 2
catalysts.

Table 2

Ti(% w) |TiCls/5i | Selectivity

ratio to propylene
| oxide (%)
Catalyst 3 }3.63 0.061 77.2
Catalyst 4 |3.65 0.074 I 2.1

It.will be clear from Table 2 that a cétalyst having
a titanium to silicon molar ratio of 0.061 gives a .
catalyst having a higher selectivity than a catalyst
having a titanium to siiicon»moiar ratio .of 0.074.
This is very surprising in view of the larger amount of
titaniumtet;achlq:ide 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

catal yst having 15 a titaﬁiun1to silicon nolar ratio

of 0.061 gives a catalyst having a higher selectivity

than a catalyst having a titaniumto silicon nolar

ratio of 0.074. This is very SuLpai3iMgsin view of the

| arger amount of titaniuntetrachloride used in the

preparation of the 20 latter. 15 CL AIl MS 1.

Priocessrdddsd NeoPremargtépir & iem &P0xh dapbRdation

catal yst, which process conprises inpregnating a

suqatcaalys:fomvmxﬁ:lmgoweﬁs%rcwmﬁlae@asmereﬁaatmg a silica
f

ol B DthS et ORI 0 SEELIN ClnBLEEERS b

Pricicessi we doa Hideg, tand|which, proceds chs pecacetedt bat in the

silica cont |n|n carrier is a silica gel. 3. Process

a ATy Pt of9%%e preceding clains, in
whi ch H&rdwss 4&&%@%@8&&%81 Stsn O&hiéﬁaﬁwa@ég the
tetrachl oride. 4. Process accordlng to any one of
priddddinFantaining i eampien b? ovestliee gelica
cont ai r rise 0]
sg%. ¥ rﬁycg&ssg% a[)%@%rn%ﬁ@ oc? 5’na¥ f‘c}néméf 1!1% %Pé’é?é&hg claims,
ammrvmm tpr@cre/smntela@fgﬁ]esmr@amda:mstdaﬁs nsf 4btahiiain
process lg;iées drying the silica containing

i npregnation. 6. Process according to
an;y O'T@:dtfeééqead&c?ﬁﬂ:ﬂcj‘&&lﬁfsoné rbf\'ht‘_l?@ ﬁf@§§§§néh§la1ms,

i npregnated carrier is calcined and
in which process the silica containing carrier comprises

at most 1200 ppm of sodium, based on amount 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 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 alcohol
and/or water, in which process the catalyst has been
prepared by a process according to any one of the

preceding claims.



subsequent |y hydrol ysed. 20 7. Process according to

claim6, in which process the hydrolysed inpregnated

carrier is subsequently contacted wth a silylating

agent. 8. Process for .the g eparation of alkylene

oxi de which process conprises contacting a

hydr oper oxi de and al kene 25 with a heterogeneous

epoyi dag] t p t

oot | o poCal By feaak axlg . to qTaak BY AP LcE) pYdRAE che

mat@lkenﬂ fhi phopeneessdt hbecaflklylenehastilgeer s propylene
% ﬂ?d by a process according to any one of the

pre R ﬁg claims. 16 9. Process according to claimS8,

in whi chrpeesesactbediagkesecilaifr opend ahdchN@rocess the
al kyl ene oxjde is propylene oxide. 10. Process

5 acc%?%lﬁ@ctby@rapﬁrgxmﬁ #Ai EkhyLbesgenendyropegatide and
hyd{ﬁpﬁﬁﬁéhdﬁhﬁs?fEBMb?e ée@ephéﬂgﬁp%E%§T%i and in

which the al co is 1 p nol Process
accbldlhgocesslacqmnd;nghtohcbammeiﬁ f whiilclr process further

y rlseﬁsggh ﬁ?&kgglgg %prQBXLEB et%gnoq %bt%hﬁaln

styrene.




