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a critical foddearksy, rehetion of propylene, hydrogen and oxygen using a catalyst
15 comprised of palladium and platinum or titanium silicalite. See “Synthesis of
Propylene Oxide from Propylene, Oxygen, and Hydrogen Catalyzed by
Palladium-Platinum-Containing Titanium Silicalite” By: R. Meiers, U.
Dingerdissen, and W. F. Holderich, Journal of Catalysis 176, 376-386
(1998). A feature of such prior procedures has been the reduction of the
20 catalysts prior to use in the epoxidation reaction. The prior systems have
been characterized by the undesirable formation of excessive amounts of

propane which results from hydrogenation of the propylene reactant.

SUMMARY OF THE INVENTION

25 In accordance with the present invention, it has been found that olefin

hydrogenation during the epoxidation is reduced to a remarkable extent
where the metal doped noble metal catalyst, e.g. Pd/Pt on titanium silicalite,
is not completely reduced either by chemical or thermal means prior to use
in the epoxidation reaction.
30
DETAILED DESCRIPTION OF THE INVENTION
The catalyst used in accordance with this invention comprises

palladium incorporated with titanium containing zeolite, which can be
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having a structure isonorphous with zeolite beta may be preferred. 2
and subsequently used for the epoxidation reaction.

Sequential preparation procedures wherein the catalyst components
are separately incorporated with the silicalite with or without drying between
stages provided substantial reduction of the dopand metal is avoided.

20 The catalysts to be prepared and used in the present invention are
comprised of a titanium or vanadium zeolite and a noble metal (preferably an
element of Group VIl of the Periodic Table). Suitable zeolites are those
crystalline materials having a porous molecular sieve structure with titanium
or vanadium atoms substituted in the framework. The choice of zeolite

25 employed will depend upon a number of factors, including the size and
shape of the olefin to be epoxidized. For example, it is preferred to use a
relatively small pore titanium or vanadium zeolite such as a titanium silicalite
if the olefin is a lower aliphatic olefin such as ethylene, propylene, or 1-
butene. Where the olefin is propylene, the use of a TS-1 titanium silicalite or

30 vanadium silicalite is especially advantageous. For a bulky olefin such as
cyclohexene, a larger pore titanium zeolite such as a titanium zeolite having

a structure isomorphous with zeolite beta may be preferred.
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Preferred titanium-containing zeolite catalysts suitable for use in the
process of this invention will generally have a composition corresponding to

20 the following empirical formula xTiO2(1-x)SiO, where x is between 0.0001
and 0.500. More preferably, the value of x is from 0.01 to 0.125. The molar
ratio of Si:Ti in the lattice framework of the zeolite is advantageously from
9.5:1 to 99:1 (most preferably from 9.5:1 to 60:1). The use of relatively
titanium-rich zeolites may also be desirable.

25 While any of the noble metals can be utilized (i.e., gold, silver,
platinum, palladium, iridium, ruthenium, osmium), either alone or in
combination, palladium is particularly desirable. Typically, the amount of
noble metal present in the catalyst will be in the range of from 0.01 to 20
weight percent, preferably 0.1 to 5 weight percent.

30 In accordance with the invention, the zeolite in particulate form is
slurried in a suitable solvent such as water or methanol or mixtures, and both

the noble metal and metal dopand are incorporated into the zeolite by



the noble netal and netal dopand are incorporated into the zeolite by 3 WO
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catalyst preparation the temperature can be adjusted to the desired

epoxidation temperature and oxygen, hydrogen and olefin reacted directly in
the catalyst containing slurry to form epoxide. Epoxidation results achieved
thereby can be better than those achieved by prior procedures where
20 catalyst is dried and calcined before use. The effect is also achieved where
the catalyst is isolated before use provided substantial reduction is avoided.

While it is preferred to prepare fresh catalyst and use the catalyst
directly in the epoxidation reaction, benefits can be achieved by adding a
noble metal and dopand ion exchangeable complex to a slurry which

25 contains deactivated catalyst prepared by conventional procedures or by the
procedures described above.

The olefin to be epoxidized can be any organic compound containing
at least one site of ethylene unsaturation (i.e., at least one carbon-carbon
double bond). The olefin can be aliphatic, aromatic or cycloaliphatic in

30 character and may have either a linear or branched structure, with the site(s)
of ethylenic unsaturation being terminal and/or internal. The olefin preferably

contains 2-30 carbon atoms; the process of the invention is particularly
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reaction conditions (e.g., temperature, pressure, reactant rat|os) 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 H8-269030.

20 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
titanium/olefin feed ratio of from 0.00001 to 0.1.

The epoxidation is carried out in the liquid phase, and it is

25 advantageous to work at a pressure of 1-100 bars. Suitable solvents used in
catalyst preparation and in the epoxidation include, but are not limited to,
lower aliphatic alcohols such as methanol, ethanol, isopropanol, and tert-
butanol, or mixtures thereof, and water. Fluorinated alcohols can be used. [t
is also possible to use mixtures of the cited alcohols with water. Methanol

30 and methanol/water are preferred. Additional solvent can be added before

or during epoxidation to improve process results.
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It is also possible to use m xtures of the cited alcohols with water.
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Tet r aamgl nepgitaB. URttdgenhrd 5iufgieAdsle é4 H9drocarbons are the preferred inert
carrier gases. Mixtures of the listed inert carrier gases can also be used.
Specifically in the epoxidation of propylene according to the invention,
propane can be supplied in such a way that, in the presence of an
appropriate excess of carrier gas, the explosive limits of mixtures of
20 propylene, propane, hydrogen, and oxygen are safely avoided and thus no
explosive mixture can form in the reactor or in the feed and discharge lines.
Modifiers such as ére described in U.S. Patents 6,008,388 and
6,005,123 can be used.
The following examples further illustrate the invention and
25 comparative procedures.

"Example 1. Epoxidation with Tetraamminepalladium(il) Dibromide Added to

TS1 (Comparative)

Tetraamminepalladium(ll) dibromide (0.0186 grams) is dissolved in 20

grams of deionized water. This solution is added to a glass reactor equipped

30 with a magnetic stir bar containing one gram of a titanium silicalite powder
(TS1 with titanium=2.1 wt %), slurried in 87 grams of methanol. The mixture

is allowed to stir at 23°C for 2 hrs. The glass reactor is then immersed in a
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t he pal | adi a or _equi pped with
a magnetic @ﬁ@%—'c e e powder

. '
(TS1 with tI'Ifeimamm%éplaﬁn%(ll)Slulilbh@éladded$c7 'gr1am; Of met hanol The
mxture is allowed to stir at 23C for 2 hr dEﬂass reactor is then

i mrersed in a corfSieRk selHfien &ﬂ‘&@féamwn%mawah ioorige is Psepareddyui pped
Wi th aqgl assyididhihgRErhamAMAEMEAGRR ALALHEE BT0198Y8ERs) in 20 grams of

deionized water.

Tetraamminpalladium(ll) dibromide (0.0186) grams is dissolved in 18
grams of deionized water. Two grams of the tetraammineplatinum(ll)
dichloride stock solution is added to the tetraamminepalladium(ll) dibromide

20 solution. The combined solution of the palladium and platinum salts is
added to a glass reactor equipped with a magnetic stir bar containing one
gram of a titanium silicalite powder (TS1 with titanium=2.1 wt %), slurried in
87 grams of methanol. The mixture is allowed to stir at 23°C for 2 hrs. The
glass reactor is then immersed in a constant temperature bath at 45°C and

25 the reactor equipped with a glass dip tube through which a mixture of oxygen
(4 volume %), hydrogen (4 volume %), propylene (10 volume %), methane
(0.5 volume %) and nitrogen (balance) is passed to bubble through the
solution at a rate of 100 cc/minute at atmospheric pressure for the
designated time. In order to keep a constant volume of methanol in the

30 reactor during the run, the gases are bubbled through a glass vessel located

before the reactor (also in the 45°C bath) containing 250 grams of methanol.



(4 volune %, hydrogen (4 volune %, propylene (10 volune %, nethane (0.5
volunme 9% and nitrogen (bal ance) is passed to bubble through the solution
at a rat evob2/a0Ms5cc/ m nute at at nospheric pressure for theCT/asslmnat ed
time. In order to keep a constant volune of nethanol in the 30 reactor
during the run, the gases are bubbled through a glass vessel |ocated

before the r t 0 of hanol .
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of deioni zed wate to.sti.r.,at 23 r 2 hrs. The 10
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the reactor cﬁ’ql@traaﬂﬂmr\rebhll@dlllhﬁ?ﬁ dibrorhidleeintpregHatedmrsch (grepa*é&lreﬁs of
oxygen (4 vol 4 volune 9%, propylene (10 volunme %,

net hane (0. e\?(e\/ni‘ﬂ'@r%)")ﬁ S&I{He%"ﬂ eogisiurenel] 3hgegms §f[5&%t§1é60l @n%gﬂtﬂr@n’ﬂf’nr ough

desi gnatod 18 FHiofibfiadh, HRERELR I aBbuBa BB 2 B hsvor T ' ne
react orodur igigss tHttoLR, thbhﬂwﬁn@ér@édaﬁ @ SoHNhtehicrttiie Bath af A57ESHR

| ocated before the reactor (also in the 45C bath) containing 250 granms of
met hanol . THBe r@%@@f’ efivippedivdthy @ glassrdip submiiirgugit Wiichom mikiuee GorygsTy hr .

Af t t t I e a zed by GC. 20
Bxampl e 4. eaoise 6y (UrROPESH RNms OB iRV ROBAD I Gl 7). Fthae

Di br oni de/ T30.5Avd|uFsé r%?”ﬁﬁohﬁﬁfo@dnnwﬁléhde)Dstéﬁécﬂ@o asighpie Anduek theol ution
of tetraamm nepl atinu hl oride is preﬁare di ssol vi ng

t et r aami nefOMLARLALR ratedqféﬁpﬁwnueuf@oat@imse @rﬂ%preasum)fqgﬁlaerﬁle@gnaw

dei oni zed WalRE - In order to keep a constant volume of methanol in the reactor during

the run, the gases are bubbled through a glass vessel located before the
reactor (also in the 45°C bath) containing 250 grams of methanol. The
vapor from the reactor is analyzed by on-line GC every hr. After termination

of the experiment the liquid phase is analyzed by GC.
20

Example 4. Epoxidation with Isolated Tetraamminepalladium(ll)
Dibromide/TS1 And Tetraammineplatinum(l]) Dichloride added

A stock solution of tetraammineplatinum(lf) dichloride is prepared by

dissolving tetraammineplatinum(ll) dichloride (0.0179 grams) in 20 grams of
25 deionized water.

Two grams of the stock solution is added to 18 grams of deionized
water and this solution added to a glass reactor equipped with a magnetic
stir bar containing one gram of a tetraamminepalladium(ll) dibromide
impregnated TS-1 (prepared as in example 21) slurried in 87 grams of

30 methanol. The mixture is allowed to stir at 23°C for 2 hrs. The glass reactor
is then immersed in a constant temperature bath at 45°C and the reactor

equipped with a glass dip tube through which a mixture of oxygen (4 volume



Two granms of the stock solution is added to 18 grans of deionized water
and this solution added to a glass reactor equipped with a nagnetic stir
bar cont av@abngs7e4se gram of a tetraamm nepal | adi um(11) di bPOTUAE /26440

i npregnated TS-1 (prepared as in exanple 21) slurried in 87 granms of 30

met hanol. The mi xture is allowed to stir at 23C for 2 hrs. The gl ass
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Tet raanm nepal | adi um Di ¢chl ori de added to (Conparative) The reaction is
conduct ed asXpgrigeniihe liquidephesgtis anatyzed dyr@&rmi nepal | adi um(11) dichl ori de
(0.014 grans) is used in place of tetraamm nepalladiunm(ll) dibromde. 15
Exanpl e 6. Epoxidation with Tetraanmm nepal | adiunm(l1) Dichloride/ TS1 and

Tet raam@i nebadrmplerd.| Epokidetibn witheT dtetitaAmirepbfiadilie Didiéidedaddsd gpnduct ed
as in exanple 2, except that tetraamm nepalladiun(IT) dichlorirde (0.014

grans) is u 0 IV 20 tetraanm nepal | adiun{11) dibroni de. Exanple
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as i n exanpltetr@amminepalladiamn(lt) glichisridd O®14 ranisdcie asledt inplate of
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etraamminepalla lum(l?) ibromide.
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Example 6. Epoxidation with Tetraamminepalladium(ll) Dichloride/TS1 and

Tetraammineplatinum(l}) Dichloride added to TS1

The reaction is conducted as in example 2, except that
tetraamminepalladium(l) dichloride (0.014 grams) is used in place of
20 tetraamminepalladium(ll) dibromide.

Example 7. Epoxidation with Tetraamminepalladium(il) Dichloride/TS1 and

Tetraammineplatinum(ll) Dichloride added to TS1

The reaction is conducted as in example 6, except that 4 grams of the

25 stock solution of tetraammineplatinum(ll) dichloride is used.

Example 8. Epoxidation with Tetraamminepalladium(ll) Dichloride/TS1 and

Tetraammineplatinum(ll) Dichloride added to TS1

The reaction is conducted as in example 6, except that 1 gram of the
30 stock solution of tetraammineplatinum(ll) dichloride is used.



Exanpl e 8. Epoxidation with Tetraamm nepal | adiun(l1) D chloride/ TS1 and
Tetraamm nepl atinun(l1) Dichloride added to TS1 The reaction is conducted
as i n exavpbzoB4sexcept that 1 gram of the 30 stock sol uPCDUS@26440
tetraamm neplatinum(ll) dichloride is used. 9 WO 02/ 057245 PCT/ US01/ 26440
Exanpl e 9. Epoxidation with Tetraanmm nepal | adiun(I1) Dichloride/ TSI and

Tet r aamm ne I e conduct ed
2o 1 exampiBhRdE Eporhiglo gl kA bohndailfiful BRTodib/1 51 Y

t et r aanmi nemataamwm(riddamwﬁdmrmdﬂon@e agddd tdTBanpl e 10. Epoxidation with
Silver/ TSl and ed Tetraamm nepal | adiun{l1) D chloride

Tet r aanmmi nepal | ad gqdtiog; isgasdugted as G’i@%am’%ﬁr@) exgept thad G2 @ram 0b
grams of -delReisrk &ifidn ofhBaRfhitbbRinlmRdRAIA% bags react of

equi pped 10 with a magnetic stir cont |n| ng one gram of Ag/ TS1
(preparéd as in exanple 22) slurried in 87 grans of methanol. The m xture

Is allowed tQ stir t523C!f r 2.Er§_s£ T&E‘ gl aés!'e ctor is then imersed in
a constant ﬁ@%ﬁé@ tc') W ' 3 equi pped with a gl ass
di p tube thTedknminedalladitimly DicHbridxygen (4 volume %, hydrogen (4
volume %, 15 pr _Ipyl ene (10 volume %, nethane (0.5 volume % and nitrogen

(bal ance) is pas eaammmﬁnalladmm(ﬂmgmhim@es(@lmt44ogram3)asdmselv@ﬁ ey

ceep 5 cone ST oiieEs Welohaf sBlvbhi HadeF 7o alita BReior Sedioieen

gases d0e buiitl @dmadnetivgstiraba aﬁﬁta\'fﬂﬁgﬁdnebgfa?ﬁeoﬂAgfﬁw%l@rpafé’d 2 im the
45C bath) containin 20 250 .grans of nethanol. The vapor fromthe reactor

i s anal yzed SgyHe 142) slurted élwéhgrﬁms forf‘@frhaﬂ@P r’rT'ﬂ%lml&Wf%iS alfpweg e stifrent

tc?nce)plelr?EIJ'ISCiI %?9% a%g{r¥éfﬁ-g§yn% nepa ”%14?3 ﬁ'&?ﬁ%ﬁg%é ﬁea\#ﬁé&tgact i on

i s conduct edepetatufex B2 &t J45°Ceéﬁ@nhetrea&toﬂdqﬁ%ed( RitAPR sk Aip fuxanpl e
23) is used instead of Ag/TSl.

through which a mixture of oxygen (4 volume %), hydrogen (4 volume %),

15 propylene (10 volume %), methane (0.5 volume %) and nitrogen (balance) is
passed to bubble through the solution at a rate of 100 cc/minute at
atmospheric pressure for the designated time. In order to keep a constant
volume of methanol in the reactor during the run, the gases are bubbled
through a glass vessel before the reactor (also in the 45°C bath) containing

20 250 grams of methanol. The vapor from the reactor is analyzed by on-line
GC every hr. After termination of the experiment the liquid phase is
analyzed by GC.

Example 11. Epoxidation with Copper/TS1 and added

25 Tetraamminepalladium(ll) Dichloride

The reaction is conducted as in example 10, except that Cu/TS1
(prepared as in example 23) is used instead of Ag/TS1.

Example 12. Epoxidation with Gold/TS1 and added

30 Tetraamminepalladium(ll) Dichloride

The reaction is conducted as in example 10, except that Au/TS1
(prepared as in example 24) is used instead of Ag/TS1.

10



Exanpl e 12. Epoxidation with Gold/ TS1 and added 30

Tet raamm nepal | adium(l11) Dichloride The reaction is conducted as in exanple
10, excepvOoohei724su/ TS1 (prepared as in exanple 24) i s uskhAT/URGI®a of

Ag/ TS1. 10 WD 02/ 057245 PCT/ US01/ 26440 Exanple 13. Epoxidation with

Tet r aanm nepal | adi um Di brom de added to TS1 (Conparati ve) The reaction is
conduct ed aggy Epéxndﬁﬁ&?%th%ah%ﬁe‘p’éﬁ&d|HFH,D‘|Hr5 LiGef Rt ail NS
1.65 w %titTaniu npre 14, EpoxXrdatromnm w tn FELT G mepat 1 adi un(! 1)
Di broni de and1 (Kéownaaratl\neéepl atinun(ll) Dichloride added to TS1 The reaction

is conducted as i exa except, that the |tan| um icaljte contains
165 w56 41 t ani S TOPGRRRS OREECtad,BR Ty PO s PRl fatdhe tiaru

Tet r aanmi nepgldafitd étﬁﬂtlalﬁs Dggwr%qi@am%d Tet raanm nepl ati num(I1)
Dichloride/ TS1 The reaction is conducted as in exanple 3, except that the

catal ys® is prepar ed as in exarrpl e 25. 15 Exanple 16. Epoxidation wth

| sol ated Tet :ﬁ! gg“%f@ | “ q;e o atl nun(11)
Di chl ori de/ i

3 conduct ed
as in exarrpIT@tﬁaanmirm:ulaﬁrtmalt)Iﬁncman@éuaaedsoTS@ prepar ed as in exanpl e 26.
Exanpl e 17. Epoxidation with Inp nat ed Tetraanm nepal | adi un(l11)

Di bromi de/ TS1 i n M E‘?acgéﬂv'érﬁor@(% AN KXRMRI} 2a sxcepbthas the ditamiped wit h
a magnetic 0 m 25 of a tetraanmmi nepal | adi un(I1)
di brom de i %m%g%‘% 6@9[{%&1 Q%Wepg?a'e 'Z]s in exanple 21) slurried in 130
grans df deionized water is allowed to stir at 23C for 2 hrs. The gl ass

i [ i, t t \ ) . .
reactor ist xear}nﬁle’lg.slggo;agaﬁonc\?vﬂﬁ lgg‘ated Tetraamminepalladium(ll) Dibromide

and Tetraammineplatinum(il) Dichloride/TS1

The reaction is conducted as in example 3, except that the catalyst is
prepared as in example 25.
15

Example 16. Epoxidation with Isolated Tetraamminepalladium(ll) Dibromide

and Tetraammineplatinum(ll) Dichloride/TS1 Pretreated with Nitrogen at
150°C

The reaction is conducted as in example 3, except that the catalyst is

20 prepared as in example 26.

Example 17. Epoxidation with Impregnated Tetraamminepalladium(ll)

Dibromide/TS1 in Water Solvent (Comparative)

A glass reactor equipped with a magnetic stir bar containing one gram

25 of a tetraamminepalladium(il) dibromide impregnated TS-1 (prepared as in
example 21) slurried in 130 grams of deionized water is allowed to stir at

23°C for 2 hrs. The glass reactor is then immersed in a constant
temperature bath at 45°C and the reactor equipped with a glass dip tube
through which a mixture of oxygen (4 volume %), hydrogen (4 volume %),

30 propylene (10 volume %), methane (0.5 volume %) and nitrogen (balance) is
passed to bubble through the solution at a rate of 100 cc/minute at
atmospheric pressure for the designated time. In order to keep a constant

11



tenperature bath at 45C and the reactor equipped wth a glass dip tube

t hrough which a m xture of oxygen (4 volune %, hydrogen (4 volune %, 30
propyl enav@ aposredsune %, nethane (0.5 volunme % and nitropenwulizeadsice) i s
passed to bubble through the solution at a rate of 100 cc/ m nute at

at nospheric pressure for the designated tinme. In order to keep a constant

11 WO 02/ 05 /, | th
run, the gaé’gfsﬁ’%‘é{rgegF B"l’%%ﬂ{erﬁ@];éﬁr%gﬁ@ dﬂ'ﬁﬁ& aes\spglj\i/gégqu SF%%&%%@E%ore&fﬂg ©
reactor (al @gl%std@séBﬁcbeémbem@ﬁm neargor 2o g1 e 45¢C Wity corfthminygpor

fromthe reactor is analyzed on-line GC every hr. After term natlon of
the experi mémo Q'F?én$ |°ﬁM\{3c1]erph$B€ V2 oR frany sheyrepstosis@malyzashpy entline GC

At nospheric

bi br o de/ TSP et addr AR EhAL RS RO BRse S aEbed by

Sol vent 510 A5€t ock sol ution of tetraamm neplatinunm(ll) dichloride is
prepared by dissolving tetraamm neplatinunm(ll) dichloride (0.0179 grans)
in 20 granms of deionized water. Add two grans of the stock solution
containi ng  EeirhSRMB. NPASbALAE Ebbxidafibh Withdfndregrdtedr ans of dei oni zed
water. Add thrs I5 solutton 10 a g ass reactor equrpped Wi th a magnetic
stir bar conteilag giallgdism() Dibroatie D ddedii un(11) di broni de

i npr egnat ed -IT§ Sll UI‘{I ed in 110 grans of

dei oni zed we H—at- 23C for 2 hrs. The gl ass

reactori0i s then Immdeéolum@ of(t@ﬂﬂéérﬁﬁﬁnémamﬁirﬁ(ll)rcﬂclﬂbn&é% ?ﬂ?@péﬂé@ usyeact or
equi pped with a glass dip tube 20 through which m xture o xygen

volune %, Kijsrdbged t(euaammﬁ@pl%lnumﬁ!)dijy‘lnl@ﬁée((9@1\7&qrﬁmsa)em Z@e@lﬁeﬁfﬂféoéo 5
vol une % %% ?\g@ o bal ance) is passed to bubble through the sol ution
at a rate of i nute at atnospheric pressure for the designated

time. In order tonl’deep twocongtams  vafl untheof \saiokr i Bolutienr eacdrithinthy | ng

t he run, ases .are hubbl o] vessel | ocat ed before the
reactor (al gﬁgﬁmeea@gﬂ 'ﬁ))d'eglfr‘?fagRPﬁé gr ‘?r'ﬁ’”@\e dwater. Adskthisipor
fromthe reagh@on & 8MheeRAR QUippetfwith a magnetlc stir bar containing one

gram of a tetraamminepalladium(il) dibromide impregnated TS-1 (prepared

as in example 21) slurried in 110 grams of deionized water. The slurry is
allowed to stir at 23°C for 2 hrs. The glass reactor is then immersed in a
constant temperature at 45°C and the reactor equipped with a glass dip tube
20 through which a mixture of oxygen (4 volume %), hydrogen (4 volume %),
propylene (10 volume %), methane (0.5 volume %) and nitrogen (balance) is
passed to bubble through the solution at a rate of 100 cc/minute at
atmospheric pressure for the designated time. In order to keep a constant
volume of water in the reactor during the run, the gases are bubbled through
25 a glass vessel located before the reactor (also in the 45°C bath) containing
250 grams of water. The vapor from the reactor is analyzed by on-line GC

every hr. After termination of the experiment the liquid phase is analyzed by
GC.

30
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every hr. After termnation of the experinent the |liquid phase is analyzed
by GC. 30 12 WO 02/ 057245 PCT/ US01/ 26440 Exanple 19. Epoxidation under
Pr essur e Wi bhiosretsr aammi nepal | adi un(11) dichl ori de added POT/USH1/26440
(Conparative) Tetraanmm nepal | adi un(l1) dichloride (0.014 grams ) dissolved
in 20 nL of nethanol is added to a pressure reactor, equipped with a

magneti c sti 1 wth

2. % Wt %tlt%‘ﬁ’@'ﬁ% BBl 'aﬂbH ﬂfe Ith%—%‘ﬁn Hbefb%\jl%\{i,lﬁpﬁﬁft rred in
air at 23C fdichl2ride add&ddositS T (banpaativeroved and t he pressure reactor
assenbl ed. The reactor is 45C and e reactor, pressurized to 200
psig by flowing a eﬁﬂ%mp‘gne@%gwﬁ@g c{'ﬁ&?ﬂﬁ’% it OrRras ag&ﬁs‘% lyed Jnut 94
propyl ene (6Gnye} V) r lapce)
B T e e S s LS G i
desi gnatbed thare comtainingatt@anwas titamilim edicaﬁeh(ﬂ'rﬁ‘ca\mwz‘a{t WI6%Otltammm)

order to keep a. cons t_vo th n.the react ring the run,
t he gases ar rtgi?gb'pet&?mloe ik ha'?ﬂ'ersﬁl?rglqu'gé"‘lt'rrpgc'Qt%Haggﬁ #é‘”ﬁ dlr eact or
(al so at 45Qhe& et %Pis%ﬂ%d%@ﬂ%re@éu@@é@f&? assEMDIYEP The' ré@?fotr@
reactor is analyzed by on-line GC every hr ter termnation of the
experi nment theated doidd° 6I‘ambth$rwnwr§mesismgzed@6 2(Expsig |y Bowingroriidate on

der P th Tet ] adi di chl ori de and
ot raamm nedl aUNA P YOIBEPr RiRYoRRRAA. Yalmesioh RiegyIPrsofaL ey o)

tetraanp nephatHiamentd.> véilehE o) %d' ﬁlt@géﬁ%bﬁl&néég vil §§Ph}6e%9thro gh the

tetraamm neplatinun(l!l) dichlorid r ans gr anms nmet hanol .
Two nL of trﬁ@llsfucntat@m@tofd@wfccvmtméafnﬁthepieatgnamﬂtmn)s difshtemciafevas 25

dded to 18 amﬂnealla I
gi cﬁl or iode re%’lﬂ?eé:ﬁ%h@qgﬁjf %8ﬁﬁrat8nk?%° ?'?.)t OIH%'L?SQ{” e
reactor, equithized wmttheareaawnejmmgsmer rlafr thecgad e @rél!bubbﬂaroamr@ﬁ?h'é ani um

silicalite (TS1 with 2.1 w %titaniunm slurried in 100 ni of hanol
The slurry ipyessure vessel located before the reactor (also at 45°C) containing 700

15 grams of methanol. The vapor from the reactor is analyzed by on-line GC
every hr. After termination of the experiment the liquid phase is analyzed by
GC.

Example 20. Epoxidation under Pressure with Tetraamminepalladium(l})

20 dichloride and Tetraammineplatinum(il) Dichloride added to TS1

A stock solution of tetraammineplatinumil) dichioride is prepared by
dissolving tetraammineplatinum(ll) dichloride (0.0179 grams) in 20 grams of
methanol.

Two mL of the stock solution of tetraammineplatinum(ll) dichloride is

25 added to 18 mL of a methanol solution of tetraamminepalladium(ll) dichloride
(0.014 grams). The combined solution is added to a pressure reactor,
equipped with a magnetic stir bar, containing 1 gram of titanium silicalite
(TS1 with 2.1 wt % titanium) slurried in 100 mL of methanol. The slurry is
stirred in air at 23°C for 2 hrs. The stir bar is removed and the pressure

30 reactor assembled. The reactor is heated to 45°C and the reactor
pressurized to 200 psig by flowing a mixture of oxygen (4 volume %),
hydrogen (4 volume %), propylene (6 volume %), methane (0.5 volume %)

13



stirred in air at 23C for 2 hrs. The stir bar is renoved and the pressure
30 reactor assenbled. The reactor is heated to 45C and the reactor
pressuri 0 oras72430 psig by flowi ng a m xture of oxygen (4PEDUSEM26940,
hydrogen (4 volunme %, propylene (6 volume %, nethane (0.5 volunme % 13
WO 02/ 057245 PCT/ US01/ 26440 and nitrogen (bal ance) via dip tubes though
the solutio e e te i e
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phase is analyzéd by GC. Exanpl e . Preparati 0
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slurry is allowed to stir at 23C for 2 hrs. The solvent is renmoved by
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brom de and 0.12 wt % nitrogen. Preparation of Silver/ TSl by
| on Exchange Si | vist rm&mqnﬁllagws(ﬁh@tﬂém(mdas(ogdr%@yami iglj disssilvest in 010
grans of z T S oyef, a 5

m nut e peri gdégH{S 6 d%n%eyd (\:A}c%]lrt\%al ﬁ:h% 59@'"85&%?%%%% %tr{:r 'hén C';sl%r '%:]I Ite

(TS1 with 2.rhinutéqpasoti toaaisiuy lconﬂﬁnlggaﬁﬂs gedmg edfatita@iech weerte adswdéﬂ urry
IS renov

51 are s i 21 WSl o YT bR SE L SHag s are
dried B a ARG WiRRvdd! tb Htlr)at 23°C for 2 hrs. The solvent is removed by
rotoevaporation by maintaining the bath temperature at 55°C. The solids are
dried in a vacuum oven (1 torr) at 50°C for 4 hrs. The dried solids (28.6
grams) analyzed for 0.37 wt % palladium, 2.06 wt % titanium, 0.55 wt %
bromide and 0.12 wt % nitrogen.

20
Example 22. Preparation of Silver/TS1 by lon Exchange

Silver hexafluorophosphate (0.48 gram) is dissolved in 10 grams of
deionized water. This solution is added with stirring over a 5 minute period
to a slurry containing 20 grams of a titanium silicalite (TS1 with 2.1 wt%

25 titanium) in 80 grams of deionized water. The slurry is allowed to stir at
23°C for 2 hrs. The solvent is removed by rotoevaporation by maintaining
the bath temperature at 55°C. The solids are dried in a vacuum oven (1 torr)
at 50°C for 4 hrs. The dried solids (19 grams) analyzed for 0.15 wt % silver
and 2.19 wt % titanium.

30
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at 50C for 4 hrs. The dried solids (19 granms) analyzed for 0.15 w %sil ver
and 2.19 wt %titanium 30 14 WD 02/057245 PCT/ US01/ 26440 Exanple 23.

Pr epar at ivod 0m657@pper / TS1 by | on Exchange Tet raanmm necoppreT/URéiy26déochl ori de
(0.42 gran) is dissolved in 10 granms of deionized water. This solution is
added with stirring over a 5 mnute period to a slurry containing 20 grans

of titani umpidhsalds. woﬁoﬁgﬁgé‘}ﬁ@’l %;;!:‘QH\'EXf{ﬁéhQ@m um in 80 grans of
dei oni zed water. e sfurry iIs owe I'T a for 1 hr. The solids
are separat ed fr oratragminagoppar (Hy diehloridé u@ed2 Tramgoisi dissalvedsirurtd ed

Wi th dei oni wa trlf.u fiv re tines. The
solids are (z)q?g@& {)ﬁ Qfg%‘?fgﬁagéenﬂstﬁ on %ggedf\gﬁh m%mgg OV&E gﬂlé]ed
solids (19 ghinie p@ﬁauwz)eél sfltﬂfy @oﬁ%?nmg 20 é@arﬁ@RﬂeﬂtamZmps%a%t pobegerm 0.1

wt % nitrogen and | ess than pm chlorine. Exanple 24. Preparation of

Gol d/ TSP by (&S cwﬁhﬁrbavtnérﬁtawuwanéo @t’:ﬁmwwewmzeohwﬁ@nem sdeITy isvar is

ol yoor 15 adBel & it AL R L RE e s e st e ol o G

pur pl e/ mar oayy eénttfugen. THelEolid aresglhmecpwnﬁlrdwomazé&m@f g@oSgr&mB)téhooer i od
to 10 granms of titaniumsilicalite (TS1 with 65 Wt %titaniu slurried

in 50 grans entifdged fiveraoka times. i the selids aig @rﬂe%caf\/@cugm avyen (Mhermsol i ds

t t t
(80 or ams) et BULES Tt RFint Bob5™ (4 Guind] ah Gl Pl 0, OO 4T MBS 12"
vacuumigven doppkBra.d vﬁt%i"t@él?nixﬁf 04 Wt 9% niii6gers ahd Wsss(tRah 19 SR Jchidile/zed for
0.15 wt %gold and 1.4 wt % titani um Exanpl e 25. Preparation of

Tet r aanm nepal I adi ur‘r(l i) Dibromde and Tetraanm neplatinunm(ll) Dichloride

| mpr egnat ed 12 [ARTEE Iél Ibfrggfnqgnt(o 34 gram and

Tet raanm ne %Mg%ol ved in 160 grans

of dei oni zed wat & beé‘herseqwbpléd withleSnmedC\Mlt basisi sharged withrgad bids nut e
ni um Si I Icalite powder (TS1

N th "1, 65 WOWHE (5T Tontio. 37 SrBMSY o StevPBe BNealdp ad BBRpiRd
slurry 5  mixture stirred at 23°C for 3 hrs to give a purple/maroon solution. Add this
solution drop wise over a 5 minute period to 10 grams of titanium silicalite

(TS1 with 1.65 wt % titanium) slurried in 50 grams of water. The slurry is

stirred at 23°C for 24 hrs. The solids are separated by centrifuge. The

solids are slurried with deionized water (80 grams) and céntrifuged four more

20 times. The solids are dried in a vacuum oven (1 torr) at 50°C for 4 hrs. The

solids (9.5 grams) analyzed for 0.15 wt % gold and 1.4 wt % titanium.

Example 25. Preparation of Tetraamminepalladium(il) Dibromide and

Tetraammineplatinum(ll) Dichloride Irhpreqhated TS8-1

25 Tetraamminepalladium(ll) dibromide (0.34 gram) and
Tetraammineplatinum(ll) dichloride (0.036 gram) is dissolved in 160 grams
of deionized water. This solution is added with stirring over a 10 minute
period to a slurry containing 20 grams of titanium silicalite powder (TS1 with
1.65 wt % titanium) in 50 grams of deionized water. The combined slurry is

30 allowed to stir at 23°C for 2 hrs. The solvent is removed by rotoevaporation
by maintaining the bath temperature at 55°C. The solids are dried in a

vacuum oven (1 torr) at 50°C for 4 hrs. The dried solids (19 grams)

15



30 allowed to stir at 23C for 2 hrs. The solvent is renoved by

rot oevaporation by maintaining the bath tenperature at 55C. The solids are
dried inweooveoeusm oven (1 torr) at 50C for 4 hrs. The drpedusalicds® (19
grans) 15 WD 02/057245 PCT/ USO1/ 26440 analyzed for 0.4 w % pal | adi um
0.09 wt %platinuml 65 Wt %titanium 0.5 w % bromde, and 0.12 Wt %

ni t rogen. Q to TRk A pe iU l)

D brom de 5 an %@Fg}m%nggﬁgﬁlﬁh{ﬁ?ﬁ)%éﬁ%trl deqf npreg/ﬁg't erggqjsﬁ(lé

Tet r aami nepall Yodutiooride| ndiDWi2omi Uenitrodeiet r aanmi nepl ati nun(1 1) dichl ori de

i npregnated TS-1 (5 grans) as prepared in exanple 25, is placed in a
quartz tube. The tube is placed in a tube furnace and purged with nitrogen
at 100 cc/ mprRple B8 NiRRIehPRe_ERAA of RS adimirkbdlagiutid) Digdnife cool ed
to 23C. The soli1ds (4.85 gramsT anal zed for 0.42 W_ % palladi um  0.07 w

% pl ati Sum aichhetfaamntinapla) fig poennaiad TiS-f rogen 0. 13 wt %

Resul ts obt ai ned re p e 1 foll aw ng
Table 1. 16 WO ozﬁ%%@‘“ﬁ%%@b‘i‘@gg roflide 554 65T MnsBath @Yo "S o
0 a) a) 0 CQi€hidridE imprégnated TS-C)5 g Fan% asl pbefbréd@l éxén@uple P55 isrplacéd e- -
c-- rr oILOLOU)mLOLOLOLO It a) c co NCD
CV N N It Qi aagagzgupe. The tube is placed in a tube furnace and purged with
nitrogen at 100 cc/minute. The tube is heated at 150°C for 22 hrs and then
10 cooled to 23°C. The solids (4.85 grams) analyzed for 0.42 wt % palladium,
0.07 wt % platinum, bromide = 0.3 wt %, chloride = 100 ppm, nitrogen = 0.13

wt %.

Results obtained from the above examples are presented in the
following Table 1.

16
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C OO0 O0Owa@p2oi245C T- NMLOCON 00 O COWr r r r r PCT/USOW26840 N 18
WO 02/ 057245 PCT/ US01/ 26440 A conparison of Exanples 1 and 2 denonstrates
a major reduction in propane formation by practice of the invention. The

conpari son of : ﬂ@@é‘ t i . a
conpari son of %%h@?r%og% E§<a arr;f)ltdén"saj %?jsrﬂs g@fﬁ%}%ﬁ@@@@?ﬁg%ﬁ%

decr easi ng d¢oppade Sfamaiions bya psadiceant i the énvattionbei Mpeokbmipaeidorven at
very | ow dopand |eve anple 4). Exanmples 10-12 i|lustrate the use of
dopands ot hgfxelrﬂ%lﬁsp$ z?t'](cﬁgn‘flngﬁ‘f’ﬂserﬁﬁﬁl%&Bﬁhrewq’@oﬁ%th%oﬁ MR Qg 13
and 14 furt hBeaAceBNs bhat €S ERenpls - 9VabweHd tieacht Sé%a%fhb%l'ﬁ&rﬂf actice
of the invention. 10 Exanple 16 denonstrates the poor results~achieved
where thé cHnauyist aj suibséanticd eéffent heingogdained exsroatieenydow doparitkigwei or

art. A corrpa(g}(gﬁﬂ)é)f4 Exanpl es 17 and 18 again denonstrate the advantages
of practice é Piventi on as does a conparison of Exanples 19 and 20.

15 From the aboveEstahpliest10CaR illR@trateihel i of dépatil dthePtizm' Bats@d wig al
doped noble netal on titaniumsilicate catalyst results in inportant

process i nptadadivnt A caMPRiisos| AExamglas dgeand i Idnfurthes idgmansirates the
reduced. 20 jgpoyetPresults achieved through practice of the invention.

10 Example 16 demonstrates the poor results achieved where the
catalyst is reduced in nitrogen in accordance with the prior art.
A comparison of Examples 17 and 18 again demonstrate the
-advantages of practice of the invention as does a comparison of Examples
19 and 20. A
15 From the above data it can be seen that the use of non-reduced metal
doped noble metal on titanium silicate catalyst results in important process

improvements in that olefin hydrogenation is significantly reduced.
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19 WO 02/ 057245 PCT/ US01/ 26440 |1 CLAIM 1. In a process for the

epoxi dation of an olefin by reaction of 02, H2, and olefin in contact with
a nobl e medar/oTosst ai ning titani umor vanadi um silicalitePCTH80T/®pL00Venent
whi ch conprises carrying out the reaction using a 5 catalyst doped with a
met al dopand which is substantially non-reduced. 2. In a process for the
epoxi dati on |qf) gfpg0l efin by reaction of 02, H2, and olefin in contact with
a palladiumcontaining titaniumsilicalite catalyst, the inprovenent which
conpri ses car ryi n‘g outInt deroeesst footheispogidatior af ahyséfin byaeasiidi oplGat i num

, | d. d, id 0 dopand i b |1
oy educed 1 e 38R i Gobtast YELe mobmta coreNa ek AN o phNan AL
plati num  doaigite 4heTﬂﬁ9rcWéh‘F&$ﬁNmEh Q:bﬁf\ﬂﬂs%s%‘? d‘oﬁtﬁﬁe"\%b?@q D§ﬁ1b°a of

nmetal dopand to palladiumis 1: e process o arm2
wher ei n Hhe catalyshdepepwishya @ﬁtal doz)end WhICh IS substantlally non-reduced.
2. In a process for the epoxidation of an olefin by reaction of Oy,
Hz, and olefin in contact with a palladium containing titanium silicalite
catalyst, the improvement which comprises carrying out the reaction using a
catalyst doped with platinum, copper, silver or gold metal dopand, said

10  dopand being substantially non-reduced.

3. The process of claim 2 wherein the metal dopand is a platinum
dopand.
4, The process of claim 2 wherein the weight ratio of metal

dopand to palladium is 1:30-1:1.
15 5. The process of claim 2 wherein the olefin is propylene.
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