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15  synthesizing oxiranes from the corresponding olefins have been described in

the literature. A Japanese patent application assigned to the Tosoh
Corporation and published in 1992 (Kokai No. 4-352771) proposed making
propylene oxide by reacting propylene, hydrogen and oxygen using a catalyst
comprising a Group VI metal and a crystalline titanosilicate. Improvements
20 to or variations of this basic process were subsequently described in the
following published patent applications: WO 97/25143, DE 19600709, WO
96/02323, WO 97/47386, WO 97/31711, JP H8-262030, JP H8-269029, USP
6,005,123, USP 6,008,388 and USP 5,646,314.
As with any chemical process, it would be desirable to attain still further
25 improvements in epoxidation methods of this type. In particular, extending the
useful life of the catalyst would significantly enhance the commercial potential
of such methods. A problem has been that the noble metal tends to be
leached or otherwise lost from the catalyst during use which results in loss of
activity and selectivity. Additionally, loss of noble metal imposes an economic
30  penalty which may render the process uneconomic.

SUMMARY OF THE INVENTION

The present invention provides a process for the preparation and use




of a catalyst conprised of a titaniumzeolite and a nobl e netal
characterized in that the catalyst has inproved stability and resistance
to | oss fweootoggiorzeolite during use, and to the use of saE/MW1/51329

epoxi dations. 5 DETAI LED DESCRI PTI ON OF THE | NVENTI ON The catal ysts of the
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of a TS-1 titani uhhsidatalysist ef the pPiesenbdovarition aw antrpyieedsof Botitaniubul ky

| efi h as_.cycloh , i t ani ' .
i tant um ool g odal HifEranb Ahreirmnal oA\ Bt BeTReduy be
preferred. Thaplkjt a?hméoi&oﬁi'téﬁi B Z964d tcﬁ,ﬁs,tamﬁli %at@ﬁaréahawgté pdiolife

epoxi dation step o process conprise the class of zeolilic substances

wher ei n tit amolgeulazosiaye siugiuse withs tilanivre caitoms  substitutedrin dhe tframewbikc on
atons inAhe ] attjice fra k f I ul a i eve. Such substances are
ehonn 1 10 perhét dis (dragRARE Sempled W' SERSRT uRicll R niftiah: S0 APRS

i ncl ude the iﬁbm@%g)the é@éQﬁu|sﬁépéi#%?éoléﬂmmeeYeﬂcﬁﬁdiiécﬁdepeﬁérnbiet, gngum

silicalites, particularly "TS- 1" (having an Ml topol ogy ana[ﬁgﬁou_s to that
of the ZSM spigferrehdaiusecatielatiselyenall poye titardim zgalig istighazs RENanBIvdl ogy
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met al s such with zeolitebetanwy beprafgrred.so be present in the lattice

framework of the zeoljte in addifion to the tjtani as described.in U S.
2 {‘he tljtarﬁum-contgm}ng zeoll?es useful as cayaq}sts Sll‘l the epoxidation

step of the process comprise the class of zeolitic substances wherein titanium
20 atoms are substituted for a portion of the silicon atoms in the lattice framework .
of a molecular sieve. Such substances are known in the art.
Particularly preferred titanium-containing zeolites include the class of
molecular sieves commonly referred to as titanium silicalites, particularly "TS-
1" (having an MFI topology analogous to that of the ZSM-5 aluminosilicate
25 zeolites). "TS-2" (having an MEL topology analogous to that of the ZSM-11
aluminosilicate zeolites), and "TS-3" (as described in Belgian Pat. No.
1,001,038). Also suitable for use are the titanium-containing molecular sieves
having framework structures isomorphous to zeolite beta, mordenite, ZSM-48,
ZSM-12, and MCM-41. The titanium-containing zeolite preferably contains no
30 elements other than titanium, silicon and oxygen in the lattice framework,
although minor amounts of boron, iron, aluminum, and the like may be
present. Other metals such as tin or vanadium may also be present in the
lattice framework of the zeolite in addition to the titanium, as described in U.S.



WO 02/ 068401 PCT/USO01/51329 Pat. Nos. 5,780,654 and 5, 744,619. Preferred
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noble nmetal 1nto afltelnaproprlate anoun
i on metal is incorporated into the catalyst is a critical feature of the invention.

The titanium silicalite used in the present invention is prepared by

known procedures.. An important feature is that the silicalite be subjected to
20  an oxidative calcination as with air at elevated temperature, eg. 300 to 850°C,

ilustratively 550°C, in accordance with known procedures prior to use in

accordance with the invention. The calcination is carried out until substantially

complete removal of organic residues is accomplished. Thorough pre-

washing and oxidative calcination procedures are described, for example in
25  JP H-269029 and JP H-269030.

The titanium silicalite washing and calcination is carried out so as to
remove essentially all of the residues of materials such as templating agents
and the like used in the silicalite preparation, especially ammonium - type
materials.

30 The calcined silicalite essentially free of residues is then treated as by
ion exchange or impregnation procedures in order o incorporate the desired
noble metal into the silicalite in appropriate amounts. Of the procedures, ion

exchange is preferred with subsequent essentially complete removal of



exchange is preferred wth subsequent essentially conplete renmoval of 3 WO
02/ 068401 PCT/US01/51329 anionic residues fromthe resulting catalyst.
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prepar ati on prackesiuilityesistieh catdlfstsmet al | oss during use of the catal yst
in epoxidation reactions as will be denonstrated in experinmental results
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prior to or duiliRgicate catalyst results in the formation of a useful catalyst composition

having greatly improved stability as against noble metal loss and thus greatly
improved utility in the production of oxirane product such as propylene oxide.

The oxidative calcination is carried out at temperatures of at least

20 150°C for illustratively 10 minutes to 24 hours. Calcination temperature in the
range 150-650°C, preferably 250-600°C, and most preferably 300-550°C are
employed. The calcination gas is preferably air by reason of cost and
availability although other mixtures of oxygen and inert gas can be used.
Generally during the calcination it is advantageous to ramp the temperature

25 up at the rate of 0.5-10°C, preferably 1-5°C/min to the desired upper
temperature.

The above preparation markedly reduces noble metal loss during use
of the catalyst in epoxidation reactions as will be demonstrated in
experimental results herein after presented.

30 Additional improvements are also achieved where prior to or during
epoxidation the catalyst is contacted with solutions buffered to slightly acid to
basic pH. The preferred pH range is 5-8, preferably 6-7.5. See, for example,
USP 5,646,314. Especially advantageous is the use of sodium and/or

4



epoxi dation the catalyst is contacted with solutions buffered to slightly
acid to basic pH The preferred pHrange is 5-8, preferably 6-7.5. See,

for exanpwe 02064015, 646, 314. Especi al |l y advant ageous i s themus®18i3260di um
and/or 4 WD 02/068401 PCT/US01/51329 potassiumsalt buffered sol utions.
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conditions ( ARG pressure, reactant ratios) described in the
fol |l owi ng pu@ rlgéﬂmﬁil%paté HIIf’;l%pl i cations: WD 96/02323, WD 97/ 25143, DE
Typical examples of suitable olefins include ethylene, propylene, 1-

butene, cis- and trans-2-butene, 1,3-butadiene, pentenes, isoprene, hexenes,

octenes, nonenes, decenes, undecenes, dodecenes, cyclopentene,
20 cyclohexene, dicyclopentadiene, vinylcylohexane, vinyl cyclohexene, allyl

chloride, allyl alcohol, methallyl chloride, methallyl alcohol, alkyl acrylates and

methacrylates, unsaturated fafty acids and esters thereof, styrene, o-

methylstyrene, divinylbenzene, indene and stilbene. Mixtures of olefins may,

of course, be utilized if so desired. The process of this invention is especially
25  useful for converting propylene to propylene oxide.

The process of the invention may be suitably conducted under the
reaction conditions (e.g., temperature, pressure, reactant ratios) described in
the following published patent applications: WO 96/02323, WO 97/25143, DE
19600709, WO 97/31711, WO 97/47386, JP 4-352771, JP H8-269029, and

30 H8-269030.

The amount of catalyst used may be determined on the basis of the

molar ratio of the titanium contained in the titanium zeolite to the olefin that is

supplied per unit of time. Typically, sufficient catalyst is present to provide a
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ol efins. As theeitedralcaholg asth veater. de siixtace ohwater gas mathanol is preferred as
solvent; hydrocarbons such as propane and/or propylene can be used as can
carbon dioxide. Epoxidation according to the invention is carried out at a
20 temperature effective to achieve the desired olefin epoxidation, preferably at
temperatures in the range of 0 - 125° C (more preferably, 20 - 80° C). The
molar ratio of hydrogen to oxygen can usually be varied in the range of Hz:0,=
1:10 to 5:1 and is especially favorable at 1:5 to 1:1. The molar ratio of oxygen
to olefin can be 3:1 or more but preferably is 1:1 to 1:20, and most preferably
25 1:1.5to 1:10. Relatively low Oz to olefin molar ratios (e.g., 1:1 to 1:3) may be
advantageous for certain olefins. As the carrier gas, any desired inert gas can
be used. The molar ratio of olefin to carrier gas is then usually in the range of
50:1 to 1:50, and especially 20:1 to 1:1.
As the inert carrier gas, noble gases such as helium, neon, argon,
30 krypton, and xenon are suitable in addition to nitrogen and carbon dioxide.
Saturated hydrocarbons with 1-8, especially 1-6, and preferable with 1-4
carbon atoms, e.g., methane, ethane, propane, and n-butane, are also
suitable. Nitrogen and saturated C4-C4 hydrocarbons are the preferred inert



be used. The nolar ratio of olefin to carrier gas is then usually in the
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sel ectivity ietfyPEtHepHRPRYyldrfe §leol rﬁ‘@ﬂh?l &heP@nddhiiked by the nots of
hydr ogen consumned nul tipli‘ed by 100. he oxygen based selectivity to PCE

(SOPCE) is the nobelestivitiex arer mals ofi piageet sivided bibitee omolsx pijefeactant uned

(1) 11 om Soreuifissb BURefect 90,108 kb AR rEa R e R B 1
excess am’anqSPRIDEMé ¢haadols T6F RPOR Arided by Ak nBoRIEE Brdpieruvceasirmed he
pal | adi um sol utign. The mxture was agitated for 1 hour, filtered and the

sol i d pH&se Wadipliediyd10P« nTheiydinggadasedeselestvily toi ROE (SIHBOEIis dhaas
dried at S0GqL gf BHRUIEBY the mols of hydrogen consumed multiplied by 100.

The oxygen based selectivity to POE (SOPOE) is the mols of POE formed
divided by the mols of oxygen consumed multiplied by 100.
Example 1
20 Catalyst A was made by ion exchanging Pd(ll) from an aqueous
solution of tetraamine palladium (ll) chloride in excess ammonia on calcined
TS-1, the TS-1 being added batchwise to the palladium solution. The mixture
was agitated for 1 hour, filtered and the solid phase was washed with
deionized water three times. The solid was dried at 50°C in a vacuum oven,
25 followed by calcination in air by ramping to 500°C at 2°C/min and holding for 4
hours. The final catalyst had 0.45 wt % Pd and 2.01 wt % Ti.

1 gm of catalyst A was slurried in 100 cc of a pH buffer consisting of an
aqueous solution of potassium dihydrogen phdsphate and sodium hydroxide
for 46.5 hrs at 60°C and 1.5 psig with 1000 RPM stir bar agitation, 100 cc/min

30 of gas feed with 9.96 vol% propylene, 3.73 vol% oxygen and 3.77 vol%
hydrogen was fed. The mean POE rate was 0.00504 gmPO/gm cat hr, the
mean propylene-based selectivity to POE was 68%, the mean oxygen-based

selectivity to POE was 4% and the mean hydrogen-based selectivity fo POE



25 followed by calcination in air by ranping to 500C at 2C/ m n and hol di ng
for 4 hours. The final catalyst had 0.45 w %Pd and 2.01 wt % Ti. 1 gm of

catal yst Qo\@segloyr ri ed in 100 cc of a pH buffer consisting Ozii)glngqueous
sol ution of potassium di hydrogen phosphate and sodi um hydr og?éds for 46.

hrs at 60C and 1.5 8_ %Dvmth 1000 RPM stir bar /gltatlon 100 cc/m n 30 of
gas feed w tWas 296 GEJSpymed wasH 178 R lans 38/g éingzoneraproducis) maimlydr ogen

br opy! ene. basc Lo SR kst G dn Bltof. TR Y ko dfom JBE Bt

sel ectivity ¢amp@ledvms-249%:dkd ahhp émngamlcpgg% based selectivity to POE 7
WO 02/ 068401 _PCT/ USQ1/ 51329 was The PCE forned was 61 % PO and 39%

ri ng- open pr%&@ﬂﬁgmal nly PG The liquid phase pH was 6.4 throughout. The

Pd | oss fsromt he t N r ' 2. 9%
Exampl e ? 5 Cat al §§ aﬁ\béf:%ep‘é%\i % usedpégﬁl éflu?roa?, B%?ggc@%? ga?{u%og%l ute
aqueous sol sdlution, adited contrucushutd a well-mixed laguesas shurve of sairs¢alcingd of

air-cal ci ned Wdereg 0.2 mcroH cguystal I| e dianpter TS-1 over_ 16 hours,
the pal | adi um ?re QA4NISIIhENER Wf%‘é pt BY&InS Beursnthemraliadiurad ol i d

was 11t er etioht QRhfiSainb mfga}etdng%ﬁ@enﬁ@q ThalebRIEE frdRiefofts .

refiltered, ree t mat er i was dried under vacuum a
calcined in Ia:|uld laydr cespispgnded irb deionided2Water rarah cefiftetat], thrdeotiméshotlihe. The

cat al tvvatnlrre an aque ofm)nodmd dr ogen
phosp%?ﬂ"@ f?)'?” %lésd}‘e‘gﬁ"gswacutﬂﬁsﬁﬁﬁd%@ |Cﬁ gnedsin ak; nrlag'%ﬁ gvg%er gnd

filtered. Ity hf‘?%ﬁﬁlh%cﬁholdf?@qwqdﬁé r¥aCFH€Tbat-5%t Wadatheh & @i¥gtin Was
0. 1365 vvt%Pd and 1.525 wt % Ti catal yst ‘B was run

semi - cont i nuausAquedyssselution g nnnnmsm:lmm dhyddmeonphe&phﬁ@e‘or f2dr h@Br% hours

at 60Cand1 Wi t h RPM st.i OOC/mn

feed i th 2. Wb stbadhrehs st adiotre eyl dnd el tvasdfiof dafay

The nean POE5g gnidsv4budPPOTHE RRAIEEL SRSt Was o 18388 vﬁ%PdFHr@WBEBQnWFﬁd
selectivity to POE was 99% the nean oxygen 20 based selectivity to POE was

45% and Ttthe mean Ihmn of eatalyed diiwes rea tsemiiopntinuoUBHEb WSIITBY | poRff or med
vas 21% PO ando (9| 447 98°Rs STAH G Bo-8'dIRPH 5258k Ui Fbdo P R e v @

phase pH fel ?
agitation, 100 cc/min of gas feed with 3.16 vol% propylene, 3.54 vol% oxygen

and 4.14 vol% hydrogen. The mean POE rate was 0.0080 gmPO/gm cat hr,

the mean propylene-based selectivity to POE was 99%, the mean oxygen-

20 based selectivity to POE was 45% and the mean hydrogen-based selectivity
to POE was 28%. The POE formed was 21% PO and 79% ring-open
products, almost exclusively PG. The liquid phase pH fell from 5.23 to 3.22
during the run. The Pd loss from the catalyst computed as -7.7% i.e. an
apparent gain of 7.7%.

25 Example 3

Catalyst C was made by ion exchanging Pd(ll) from an aqueous
solution of tetraamine palladium (Il) dinitrate in excess ammonia to calcined
TS-1, the TS-1 being added batchwise to the palladium solution. The mixture
was agitated for 24 hours at 80°C, filtered, and the solid phase was washed

30 with deionized water three times. The solid was dried at 60°C in a vacuum
oven, followed by calcined in air by ramping to 500°C at 2°C/min and holding
for 4 hours. The final catalyst had 0.19 wt % Pd and 0.89 wt % Ti.



during the run. The Pd |loss fromthe catal yst conputed as -7.7%i.e. an
apparent gain of 7.7% 25 Exanple 3 Catalyst C was made by ion exchangi ng
PA(11) freooa@vpse@mueous solution of tetraam ne pall adi um (ddpushiBifyate in
excess ammonia to calcined TS-1, the TS-1 being added batchw se to the
pal I adi um sol utlon The m xture was agitated for 24 hours at 80C

filtered, and the é&m@fm%@t@waﬁdgné@m@ommp% byisksdnguat $00 6 08e
t Th | t d
e by r ephpier irsaste ol abfled BN oP ¥Pl e Uillbgon . e

gatSaI yst f hadpltosphaie afial B M pdtdsstin Wydfdxide foii% 1\NbDL®21it 66@%dﬁ€5/119816§&&ﬂl51?29
gm of ¢ s run ontlnuos slurri n cc of a
pH buf f er co@ié#hgsgﬁﬁb%fr?%ﬁlﬁﬂug %efF/mme 98 ffifgldlwlui’ ﬂQt‘@gs)? Gﬁygﬁrh%ﬁ’ ogen
phosphat & ang oQo} oMPRERRS. Uﬁ%@g@(’:c/ "OF o m%s@@'@?a?gnn%@ %t@(r) g W th

1000 RPM stir bar agrtation gas fee oxygen
and 5 4.0 voneghliprdpylgee-basad se@hwfgaé POfewaa 2400008 2ngaCkygen-basedir, t he

Se et vi 1y TReBRRY dnd 08 a2 e e e bidoshdesed et I P Poe
was 1 % TheyfOrof OWHBCP@E%E'@% W@s@@% HYahy W@"/@Hﬁﬁfo% ﬂ%élécts ’Tﬁ{amsl PG

The liquid phase pH was 6.4 throughout. The Pd | oss m'the cat 10
conput ed as P8. 1Th¢ jigeid masagﬂ“&N\aﬂﬁ gethl’oughoat 1The Peklospifond tiee Ba’@mstbf

catal yst,.C was r sem g ceni i nUOUs sluckyi,ng in 100 cc of a pH buffer
consi st |1ng Ocl;orgp]b!tga u%ﬁ{‘b'l%ta}rb?f)#e P/Qﬂ'ﬂlloi)g 16["SI um di hydrogen phosphate
and 0. 01M potgsfplen hydroxi de for 99 hours at 60C 15 and 1.5 psig with 1000

RPM stir bar agitation, 100 cc/mn of gas feed with 10 vol %prwp(%l ene,
4.0 vol % oxygen @Rdm.af casalysh Gyfms)qwsemh@owusl@@y slaryingds

Phe moan onyer. BACEATER) elidie) o ARCEETLGSOLNG ! ol © QI ORRS A o

hydr ogen- ba&ﬁﬁly@r@g@ﬂtphdsbﬁafeoam 03 patassilig Hydkoides n’@dggvmu@% 80°®0 and
28% ri ng- open ucts,. mainl RPPG The i quid phase pH was 6.7 throughout.

The Pd NEss anbiha peigawinal§eq Mﬁmb@r@@taﬂgnawp ce/migrpf gas feed with 10
vol % propylene, 4.0 vol % oxygen and 4.0 vol % hydrogen. The mean POE

rate was 0.0030 gmPOE/gm cat hr, the mean propylene-based selectivity to

POE was 82.3%, the mean oxygen-based selectivity to POE was 4% and the

mean hydrogen-based selectivity to POE was 3%. The POE formed was 77%
20 PO and 28% ring-open products, mainly PG. The liquid phase pH was 6.7

throughout. The Pd loss from the catalyst computed as -8.1% ie. an

apparent gain of 8.1%.

Example 5 (Comparative)

Catalyst E was made by using an impregnation technique to add Pd(ll)
25 from an aqueous solution of tetraamine palladium (llI) dinitrate in excess
ammonia to calcined TS-1, the TS-1 being added batchwise to the palladium
solution. The mixture was agitated for 24 hours at 80°C and rotovaped. The
solid was dried at 60°C in a vacuum oven, followed by heating in N2 by
ramping to 150°C at 2°C/min and holding for 4 hours. The final catalyst had

30 0.51 wt % Pd and 0.92 wt % Ti.
1.0 gm of catalyst E was run semi-continuously by slurrying in 100 cc of
distilled water for 105 hours at 60°C and 1.5 psig with 1000 RPM stir bar
agitation, 100 cc/min of gas feed with 10 vol % propylene 4.0 vol % hydrogen.



apparent gain of 8.1% Exanple 5 (Conparative) Catalyst E was nade by using
an i npregnation technique to add Pd(11) 25 from an aqueous sol ution of

tetraam ngg@ldeg@ium (11) dinitrate in excess amonia to ahedonethdS-1,
the TS-1 being added batchwi se to the palladium solution. The m xture was

agitated for_24 hour\k@& 8(8C and rotovaped. The solid was dried at 60C in
a vacuum ovehle faean bpthavas AP 1A spPRE/gruest kg the msee aorYEeng n and

hol di ng 1o oLt SeciTig 1 PR BR'eBh ShelAbhn SRbrEedh ARG R 55 T -

1.0 gmof cata n sem -cont1 nuUous urryrng in of
distilled wavas 2786 ah@d5theomeanatydédgerabdseld Selestigitywiot ROED0@sRPAYst The bar

agi tation, /mn of gas fead wt 0.vol % propylene 4.0 vol %
hydr ogen. ég&gcg)l%)ﬁ’ﬁ %/ %@0?&"@ 9 ””ﬂﬁ‘ép?foia&’!'io_ ’rW'MsGO.BEQ4
oo Jrecalidiid phie FPARaR SIPHBARI0NATIR BEIGE! frofhiihe LBt dRTREY | he

mean oxygen-based selectivity to was 27% an e nean ased
sel ectivity a»5®8f.was 15% The POE forned was 32% PO and 68% ri ng- open

products, Lnl P he 5 lt'i i d phase pH was 5.2 throughout. The Pd | oss
fromthe catMM g i raive) 5. 8% Exanpl e 6 (Conparative) Catalyst F
was made by inpregagiiyspIF Q\?asaﬁmuﬁyWﬁ)b}édnéti@hr@aaﬁtﬁ@)usdmﬂyrfé‘tl%ahﬂn@xcess
anmoni a onto calcined TS-1, the TS-1 being batchwi se 10 added to the

pal | adi um sodintiags in excess anwaerid anto galtinast T%-1hdbe TS dbaing baf¢ivvisat er

vacuum 91 - AR R ROl B L RS ReRBaRB AL S BE AR hels BB "
f1owi ng nit ripgapatel Masfdtigded ahddracudAra05°C vhd thérdtirnsbld. wadvuriéd ati - 15

0.5 gm of catq)l(gzst F was run seni-continuously by slurrying in 100 cc of -
wat er for 5H8héurRdevasnomafd 2¢ heurg, The eatalysbweethen healegrtoafid’ &t fosn, 100

Vol " 56 nydr opoRERmdcindniogtR, RO e U R Y AL UREREW o T
mean PCE raTie was 0.0405 gm PO'gm cat hr, the mean propyl ene-based
sel ect] %ISt y 0.5 gm of catalyst F was run semi-continuously by slurrying in 100 cc of
water for 54 hours at 60°C and 3 psig, with 1000 RPM stir bar agitation, 100
cc/min of gas feed with 9.80 vol % propylene, 3.87 vol % oxygen and 4.21 vol
% hydrogen. The selution pH fell to 4.08 at the close of the run. The mean
POE rate was 0.0405 gm PO/gm cat hr, the mean propylene-based selectivity
20 to POE (SPPOE) was 96%, the mean oxygen-based selectivity to POE
(SOPOE) was 49% and the mean hydrogen-based selectivity to POE
(SHPOE) was 26%. The POE was .66% and 34% ring-open products, mainly
PG. The Pd loss from the catalyst was measured as 63%.
Example 7
25 Catalyst G was made by ion exchanging Pd(ll) from an aqueous
solution of tetraamine palladium (i) dinitrate in excess ammonia to calcined
TS-1, the TS-1 being added batchwise to the palladium solution. The mixture
was agitated for 24 hours to 80°C, filtered and the solid phase was washed
with deionized water three times. The solid was dried at 60°C in a vacuum
30 oven, followed by calcination in air by ramping to 500°C at 2°C/min and
holding for 4 hours. The final catalyst had 0.53 wt % Pd and 0.91 wt % Ti.
1.0 gm of catalyst G was run semi-continuously by slurrying in 100 cc
of distilled water for 125 hours at 60°C and 1.5 psig with 1000 RPM stir bar
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20 to POE (SPPOE) was 96% the nmean oxygen-based selectivity to POE
(SOPCE) was 49% and the nean hydrogen-based selectivity to PCE (SHPOE) was

26% The RO Re4066% and 34% ri ng- open products, nmainly Re@r/JdvesPdel oss
fromthe catal yst was rreasured as 63% Exanple 7 25 Catal yst G was nade by

I on exchangl dgl b m an_aqueous _solution of tetraanm ne palladi um
(11) dinit ra@ tatiQ 51 g<ge Fﬁ"f%fng%ts FhLwittilfewol Hprepyiehe. 48wl feidydgaded

bat chwi se to, Ré hour s
to 80C, fil te'?dfle1 ﬂ{g&%ﬁd%hﬁheeam?ggo%@élggs Ezﬁj‘g 1 oni Z@gﬁ%% er three
ti mes. The sthlei Meaaspr@pyleded:tasédcselectantya‘oLB@ESWas\EGI%, fred htemdomgen—
calcination in ajr a to 500C at.2C/ mn hol di ng for hours.
The final cat@d ‘t’elﬁé "Mr{g W%‘?%%a?ﬂ}& thegmegp W(Bﬁf?g nibag %?CTE’§V§Pyst G
was run senm pepnigpausus! yndy s | 0 0 for
125 hours at 60C an?’%. 5 psig I\%\ﬁ?ﬁrﬁ%‘gg\(’)é%%% Etolcrgn @Sg{l@bwéegpy%ﬁgs

PCT/ US01/ 5132@inhafiG.ailihenljguld phasé piHhwat Jashrhoaigtout. t Tha Pd/ wiss Hfspn dpgl ene,
4.0 vol %oxg%eln tand 4. 0 voJ‘ o hydrogen. The nmean POE rate was 0.0041
grPOE/ gm cat CHAYSt CHBPHES A1 OBy | ene- based sel ectivity to POE was 54% the
nmean oxygen- Ejagﬁs, ik selectivity to POE was 4% and t he nean hydrogen-based

selectivity was 2% The PCE fornmed was 2% PO and 98% ri ng- open
products, mai nI yCatalysthd waguinadphhby dopHexeangire Palibu fleoutan Biggiepus| oss

exchangi g A1 pf S FRe bt GHE JPufacd 1T BRERHS PulihPRR FRTalem (1)

dinitrate i nTgxcege FHMnb&ingOadded biRchwite-b thd galladinbeddd@icidethe
bat chwi se to the pal | adi um sol ution. The mixture was agitated for 24 hours

at 80C, filt@bddreawastagitates far 2hheursnalk80Kasitetiediand tb@.&gﬂﬂz@wa@awes t hree
Eérﬁ?nagrgns‘lﬁlﬁé@? yd(?éf‘algﬁlzgg V?Q[gf‘)w&gat{rx%%Weo%cgﬂa\ﬁégﬁgfggeaﬁgéqégr “W3hours.
The final catadumih dved, DildRed by cadinationin W r&@\piﬁg toG 0D °gnatof°Gyaiial yst H
was run 1sem agg%idrl]#é)%osrllhgh/rsg 'lf'lfrlé mafgcatalyst had 0 32 wt % Pd and 0.90 wt %
Ti.
0.5 gm of catalyst H was run semi-continuously by slurrying in 100 cc
of distilled water for 99 hours at 60°C and 1.5 psig with 1000 RPM stir bar
agitation, 100 cc/min of gas feed with 10 vol % propylene, 4.0 vol % oxygen
20 and 4.0 vol % hydrogen. The mean POE rate was 0.0105 gmPOE/gm cat
hr, the mean propylene-based selectivity to POE was 65%, the mean
oxygen-based selectivity to POE was 6% and the mean hydrogen-based
selectivity to POE was 3%. The POE formed was 5% PO and 95% ring-
open products, mainly PG. The liquid phase pH was 3.8 throughout. The
25 Pd loss from the catalyst computed as 22% |
Example 9
0.5 gm of catalyst C was run semi-continuously by slurrying in 100 cc
of distilled water for 126 hours at 60°C and 1.5 psig with 1000 RPM stir bar
agitation, 100 cc/min of gas feed with 10% vol propylene, 4.0 vol % oxygen
30 and 4.0 vol % hydrogen. The mean POE rate was 0.0063 gmPOE/gm cat
hr, the mean propylene-based selectivity to POE was 88%, the mean
oxygen based selectivity to POE was 6% and the mean hydrogen-based

selectivity to POE was 3%. The POE formed was 7% PO and 92% ring-
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of distilled water for 99 hours at 60C and 1.5 psig with 1000 RPM stir bar
agitation, 100 cc/mn of gas feed wwth 10 vol % propyl ene, 4.0 vol % oxygen

20 and 4. Qo'®losdiopydrogen. The nmean PCE rate was 0.0105 griQRi@mseat  hr,
t he mean propyl ene-based selectivity to POE was 65% the nean oxygen-based

selectivity to PCE was 6% and t he nmean hydrogen-based selectivity to POE
was 3% The ®TEN Poeduais waigyR® akhe bggs mhage pipevapddtthrosghenti nThe PG,

The liquid p T. 25 Pd loss fromthe catalyst
conput ed as gg%ﬁgm%cag?@ g oEBtggtaaﬁ J%;E“ﬁ’c was run sem -continuously by
slurrying i nEt&@peq100f distilled water for 126 hours at 60C and 1.5 psig

with 1000 RPM st r bar Itation, 100 cc/mn of gas feed with 10% vol
propyl ene, 4.0 voP 9% & ;ﬁ@gaiyngmrezruo seni- %rﬁwpéglmby EﬂHérymalﬁ HifEceat e

NS Oor B TR s nbirs L80TEAAPE AR AR RISFSRELATLAY bitadcl, PO

was 88% the nean ased s ecti Vi
hydr ogen- bas$@0 csmhmcoﬁ as Yedd WROED \86sval %o ﬂfbpyIBﬁE Bm’me@l %5xy7g>érPéhand 92%

ring- 11 V\Og%/ ?éfiuPCT/ USQ%SlS 9 op roduct s n PG The liquid
phase pH was FRARN. THe so londz!éfqlfts%nt5@%&%@@%66%@%@ as 21
% Exanpl e 1Pnd {gy fPégt %&%a@d’!ﬁfﬁ @HP ghi EQ{”H {‘ﬁ%‘i@'géﬂp%lo? [y ng i n

100 cc 5 of water ours at 60C and psig I'T bar
agitati on Hased Sakectivit gJasP(DEetaSRPOE)Qv% Bb, %@rmyhemyg&-ﬁs&@l %

T (R B N S e ARG S RNt
propylene: baaggfgl B AE!SHPOEPUESSRPAR. BOE s bE PIS BRAOMRSHpaseC

10 selectivity to and e mean

selectivity o@em@@qm@apummea %e'ﬁcb!o@@iromﬁh@@%d%tam‘s mka%urdchgs open
product s, ma%g’l PG The Pd | oss fromthe catal yst was neasured as 8.4%
Exanple 11 r%aratlve) 15 1.0 gmof catalyst G was run sem -conti nuousl y

by slurryi ngEké'mb@H:‘(?Comparatlve)

15 1.0 gm of catalyst G was run semi-continuously by slurrying in 100 cc
of distilled water for 138 hours at 60°C and 1.5 psig with 1000 RPM stir bar
agitation, 100 cc/min of gas feed with 10 vol % propylene, 4.0 vol % oxygen
and 4.0 vol % hydrogen. The mean POE rate was 0.0090 gmPOE/gm cat

hr, the mean propylene-based selectivity to POE was 88%, the mean

20 oxygen-based selectivity to POE was 40% and the mean hydrogen-based
selectivity to POE was 45%. The POE formed was 37% PO and 63% ring-
open products, mainly PG. The liquid phase pH was 5.8 throughout. The
Pd loss from the catalyst computed as 68%.

Example 12 (Comparative)

25 Catalyst D was made by ion exchanging Pd(ll) ions from an aqueous
solution of tetraamine palladium (11) chloride in excess ammonia to calcined
TS-1, the TS-1 being batchwise added to the palladium solution. The
mixture was agitated for 1 hour, filtered and the solid phase was washed
with deionized water three times. The solid was dried at 50°C in a vacuum

30 oven. The final catalyst had 0.49 wt % Pd and 1.86 wt % Ti.

1.5 gm of catalyst D were run semi-continuously by slurrying in 100 cc
of water for 46.5 hours at 60°C and 3 psig, with 1000 RPM stir bar agitation,
100 cc/min of gas feed with 9.17 vol % propylene, 3.93 vol % oxygen and
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of distilled water for 138 hours at 60C and 1.5 psig with 1000 RPM stir bar
agitation, 100 cc/mn of gas feed wwth 10 vol % propyl ene, 4.0 vol % oxygen
and 4.0 vglo &dey@iogen. The nmean POE rate was 0. 0090 gnPO@nushatsiz2hr, the
mean propyl ene-based selectivity to POE was 88% the nmean 20 oxygen- based

| ectivit P 40% th d - d tivity to POE
e 45%  Theb Bwol gh RUIoReD 3 RoAaRA SeAYPN it 12D BB BRI e5 PHAR y PG
The liquid F’chgsﬁlrf?H redh ?@EU@?@%as U‘@mdégrﬁ ﬂﬁéldnﬁ att et e%%éﬁt

conputed as 68% Exanple 12 (Conparative) 25 talyst® D was ma I on
exchangi ng Ratopylenedrasedr seleaiivityqioeBOE (SIPOE) ova P2Vgtthaameas paeadi um
(I'l) chloride in excess | ci_ne TS the TS-1 being batchw se
Sddbd to 1 haaal SEERIY P IO brSCRAE) feR i andstegneat Sy ararbngsn |
filtered 5a”dsélé'&iv$t9|tde@Ei%SHP@E)V\@@QW%W The EROLVAS L 1WRIRD Y 8694 | Nes.
The solid was dried at 50Cin a vacuum 30 oven. The final catalyst had
0.49 wt % Pdirgrdpan spragucts, Tmairly5P&m ofTheatPsl yess Drawr éhe weatalyst was
sem - conti nugusl rfgy sé&gryi ng in 100 cc of water for 46.5 hours at 60C
and 3 psig, WPER g l(ﬂ'stir bar agitation, 100 cc/mn of gas feed with
9.17 vol % pEgyipRMe3 3. 93 vol % oxygen and 12 WO 02/068401 PCT/ US01/51329

3.91 vol % hydrogen. The reactor solution pHfell from8.07 to 4.05 during
the run. The nearC#@iystdt wasesade dyssnpirgralieimot Aqueoushiddib dgtraamine

I -b | Y 2 3 - based
Cel oot ety TEERE T bty YnbBonizmtnsataie iactifn JhE: R 1E Y Bohg 2o
sel ectivity iatchlse( &titfsd)lo ihs phlfddiuhheoRftlonvayt was fdatednd 89% fori 18- open
products, mainly PG The Pd |oss fromthe catal yst was _neasured as 60%

Exanpl e 13 Cmtﬁﬁﬁtd ‘lh%@erﬁﬁa@r MaS %PE@%&W‘GHV%W%@&E’%N then Ehe aam ne
o0 Cho S8 S BRI AR\ L B HGHEL e Py T et o
hours and t hesatet¢oWEBEC farsd hourgp preflowindenitrogen andatherOtheandhtédienvade
solid vag dr 88 3l s o By ehping G5 W80t R at 2ot Sid hofirg o 4 Roursaspiden
final catalyst had 0.60 wt % Pd and 1.96 wt % Ti.
3 gm catalyst | were run semi-continuously by slurrying in 100 cc of
water for 46.5 hours at 60°C and 3 psig, with 1000 RPM stir bar agitation,
100 cc/min of gas feed with 10.1 vol % propylene, 3.9 vol % oxygen and 4.9
20 vol % hydrogen. The solution pH fell from 5.29 to 3.71 during the run. The
mean POE rate was 0.0335 gm PO/gm cat hr, the mean propylene-based
selectivity to POE (SPPOE) was 67%, the mean oxygen-based selectivity to
POE (SOPOE) was 20% and the mean hydrogen-based selectivity to POE
(SHPOE) was 9%. The POE was 3% PO and 97% ring-open products,
25 mainly PG. The Pd loss from the catalyst was measured as 12%.

Example 14 (Comparative)

1.0 gm of catalyst E was run semi-continuously by slurrying in 100 cc
of a pH buffer consisting of an aqueous solution of 0.1M potassium
dehydrogen phosphate and 0.1M potassium hydroxide for 1 hour at 60°C

30 and 1.5 psig with 1000 RPM stir bar agitation, 100 cc/min of gas feed with
10 vol % propylene, 4.0 vol % oxygen and 4.0 vol % hydrogen. The mean
POE rate was 0.0052 gmPOE/gm cat hr, the mean propylene-based
selectivity to POE was 94%, the mean oxygen-based selectivity to POE was
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heated to 150C for 4 hours in flowing nitrogen and then the material was 15
calcined in air by ranping to 500C at 2C/ mn and holding for 4 hours. The
final catelgy®ioehdd 0.60 Wt % Pd and 1.96 wt % Ti. 3 gm catmdtygdoisi3xere run
sem -conti nuously by slurrying in 100 cc of water for 46.5 hours at 60C

10,1 vol o b dee moen Juragiiyede aeoivy B RAE Wangthogdie PHE

sol ution pH f 0 . Bdo ' @ Was
0. 0335 g PO A Al BRI EO it 28% Hhly dpehBiokiees, IPSnrher, THE e

(SPPCE) was @vde pHewas&n/ txpgghotias e S ossifiomythecat@ge ¢sopaed aas 20%
and t he mean;g]%g}r ogen-based selectivity to PCE (SHPOE) was 9% The POE was
3% PO and- 97Y%" hg- open products, 25 mainly PG The Pd |oss fromthe

cat al yst swasEx@apd &5 (@8mpadativexanpl e 14 (Conparative) 1.0 gmof catalyst E
was run sem™-continuously by slTurrying in 100 cc of a pH buffer consisting

of an aqueous sol &bign affcatilysl peEsssiNEaMideIniatoyely phalspiigenaHd) ca M

Do et v T S HAB S ot SR oRRoR Lobeart Botsh R TR o
oxygen and 4Kbsphlatdtamddsediam hydexideafor OB Halre #e60T 8Rd23 Gar EAEm cat
hr, the mean propyl ene-based selectivity to POE was 94% the nean

d0 &

oxygen- based! Py sty bas agilatigns 1008 opdniny of egar feedTwitis03.68 1800 % 6% and

h h - LVi 9 %
PO and 3% 3BT B0En S0t pagk e X P pErF R a0 dde pRLEE AT °°
t hr oughout . \th¢ 658l threaighbu NThE eneart FQB raleowas ttetRGgm PO/t cat lxanpl e 15

(Conparative) 0.5 gmof catalyst F was run_sem -continuously by slurrying
n 100 oc  dieanppopylanerbasar Retechto fo FOB(RITOR oves | Voothpdrass| um

di hydr ogen h | ' y/¢) _3

psi o win SUBETRER FrECRE URQERSOPORAE 21 andtHednon BSTARD-S o
val % 10 Pr dmdefeheilea’;l\ﬂw_rtﬁ)POE ‘(BMPBGE)a?ds 32*7/40\7ro12<36m5/g¢asg&4% I;F@Eaadilt ut on
pr s 1%' ‘} GQroOH g-%l;J)eh proedurc]:?s?nmai% BE.° e Pd ?oss flom %eg rc?afa?yst Was o

measured as 4.8%.

Example 16 (Comparative)

0.5 gm of catalyst F was run semi-continuously by slurrying in 100 cc
of a pH buffer consisting of an aqueous solution of potassium dihydrogen
20 phosphate and sodium hydroxide for 54 hours at 60Ce and 3 psig, with 1000
RPM stir bar agitation, 100 cc/min of gas feed with 8.84 vol % propylene,
3.84 vol % oxygen and 4.05 vol % hydrogen. The solution pH was 5.5
throughout. The mean POE rate was 0.022 gm PO/gmn cat hr, the mean
oxygen-based selectivity to POE (SPPOE) was 94%, the mean oxygen-
25 based selectivity to POE (SOPOE) was 14% and the mean hydrogen-based
selectivity to POE (SHPOE) was 6%. The POE was 79% PO and 21% ring-
open products, mainly PG. The Pd loss from the catalyst was measured as

15%.
Examples 1-4 demonstrate the outstanding stability of catalysts
30 prepared in accordance with most preferred practice of the invention where
the buffered epoxidation solution was used in conjunction the catalyst

preparation.
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mean propyl ene-based selectivity to POE (SPPOE) was 95% the nean

oxygen- base selectivity to POE (SOPCE) was 21 % and t he nean hydr ogen-
based sel @@ ixsgqo1t 0 POE ' (SHPOE) was 12% The PCE was 84%di@<aidizkd 16%
ri ng-open products, mainly PG The Pd | oss fromthe catal yst was mneasured

as 4.8% Exanple 16 (Conparative) 0.5 gmof catalyst F was run
seni - cont i nuousl y Bmﬂoﬁrﬁ Y%/Eﬁamip $1906c¢1 agd ﬁz geMmanstrate thsn Bigk fatg obr  an

"y . . _ . i d
For 4" hour o 8 Bt Tofs roMeataet AofprorleP I BIHeRin id end! ox! ce
cc/ mn of gasori-baffered ap@idatiarosolttipnopyl ene, 3.84 vol % oxygen and 4. 05
02025 o o cEsamp S 28 7 ol SHSLS R e (Bt
was 94% st hqnvsﬁﬁbrpéﬁg&e%ﬁnhﬁﬁsuﬁéde%éppa&&a}ﬁgﬁg%&g@oﬁ.S@ésfu)ts\%@é bedférand

t he nean hydrogen-base selectivity to was 6% The POE was 79%
PO and 21 % thandghosgef Exanthies §, 6pail rdng PGbuTinderiar fodbesé b lxampleatial yst
was neasured,as 15% Exanples 1-4 denonstrate the outstanding stability of
catal ysts % prepared in accordance with nost preferred practice of the
invention where EBmgdafiRy Ekafits drf | 1) 88l U6 Guistate Y&dchtahaedindgict i on
the catal yst preparation. 14 02/ 068401 PCT/ US01/ 51329 Conparati ve
Exanpl es 5, @epalediidaccordsnesuithdhe inventiongraveaa digiferioss ef neblelmetais from

catal ys no [ [ he .inyvention. and used in on-huffered .

cpoxi tatiPon Q6T anittesst HPSRST ol geF 8 Bpptkd, 38 SiBiah GES vin
accordance WdthlysReprepardy Bpthe®mv@ntdonsed i n non-buffered epoxidation
solution. Results are better than those of Exanples 5, 6, 11 and 12 but
inferior to those of Exanples 1- 4. Conparative Exanples 14, 15, and 16
illustrate that catalysts not prepared in accordance with the invention
have a higher | oss of noble netal 10 even in buffered epoxidation sol ution
as conpared to simlar runs with
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catal ysts prepared by the invention. 15 WD 02/068401 PCT/ US01/51329 W
claim 1. In a process for the production of an oxirane conpound by

cont acti nwgad/oeseii N, oxygen and hydrogen with a nobl e nmetmd/@wisidani um
zeolite catal yst at epoxidation conditions, the inprovenment wherein the
said 5 catalyst is prepared by calcination in an oxygen containing

at nospher e aY\?e ¢l@fer at ures above 150C. 2. The process of claim 1 wherein

the calcination is at RO [ 8e0hrothi&i808F an-: fr.elaiml
wherein the cal ci fl'ati lorf’rjllal at %afoxomtee ' er aPu'?e&o?§3%)g{%€gésﬁ‘%§%?ﬁebgr ocess
of claiml| wmartacting ke oleéfj oxygerpang\Hyeinegerb withhe nobde esstabbnctitaniun

wherein the nohle netal is pal]adium 6, Th rocess of claim1 wherein the
epox dat | on SO ATt e datRD Gangllionty Fel EnBrovamant HIErgNIBPGAIS o
basic pHgs 1 i ri ' ; I

T an um> zel S S5 PR Ea T PRIckPRORTIRRAL Shfh Por it RrfipRorea
i nprovenent temperatwesaboyed508Cci ni ng the catal yst at tenperatures above

the cal ci nati on tempel BEUPESTRSS 38 B8ghsdocinaySirHbSy Fakutkiogs o af id 7 -
wherein the t@%p‘érgﬁ%w Jhemgwyeet ure i s 300-550C. 10. The process of claim
7 wherein the noble netal is palladium 11. The process of claim7 wherein
the titanium zeol 8te The PpEogmsscaifcclaén 4t v@odein dhesodcmation tie® atidati on
of nobl elOrmtt%lmpelr%turéo?%b@l-élos&cpr epared by the process of claim7. 16
4.  The process of claim 1 wherein the olefin is propylene.
5. The process of claim 1 wherein the noble metal is palladium.
6. The process of claim 1 wherein the epoxidation is carried out in
the liguid phase at a slightly acidic to basic pH.
15 7. In a process for the preparation of a noble metal and titanium
zeolite catalyst useful for the epoxidation of olefins, the improvement which
comprises calcining the catalyst at temperatures above 150°C in an oxygen
containing atmosphere.
8. The process of claim 7 wherein the calcination temperature is
20 250-600°C.
9. The process of claim 7 wherein the calcination temperature is
300-550°C.
10. The process of claim 7 wherein the noble metal is palladium.
11. The process of claim 7 wherein the titanium zeolite is
25 precalcined at 300°C to 850°C prior to addition of noble metal.

12. A catalyst prepared by the process of claim 7.
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