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invention relates to a catal yst which conprises a
titaniumor vanadium zeolite, a binder, and zinc

oxi de, that is produced by preparing an aqueous

m xture of the titaniumor vanadium zeolite, a binder
source, and a zinc "oxide source, and subjecting the
m xture to rapid drying. The catalyst is useful into
ol efin epoxidation. Surprisingly, the addition of zinc
oxi de results in decreased ring-opening of the
epoxi de product-and thus |owers selectivity to
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- for example, discloses the spoxidation of olefins with hydrogen peroxide in the
presence of a titanium silicate catalyst,
Much current research is conducied in the direct epoxidation of olefins
30 with oxygen and hydrogen. in this process, it is believed that oxygen and
hydrogen react in situ to form an oxidizing agent. Many different catalysts have
been proposed for use in the direct epoxidation of higher olefins. Typically, the
catalyst comprises one or more noble metals supported on a titanosilicate. For
example, JP 4-352771 discloses the formation of propylene oxide from

5 propylene, oxygen, and hydrogen using a catalyst containing a Group Vili metal
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35 propyl ene, oxygen, and hydrogen using a catal yst
containing a Goup Vill netal 1 such as palladium on
a crystalline titanosilicate. The Goup VIII netal is
believed to pronote the reaction of oxygen and
hydrogen to forman in situ oxidizing agent. U S.

Pat. No. 5,859, 265 discloses a catalyst in which a
plati num nmetal, selected fromRu, Rh, Pd, Os, Ir and
Pt, is supported on a titaniumor 5 vanadi um
silicalite. Ocher direct epoxidation catal yst exanples
i nclude gold supported on titanosilicates, see for
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binder, and zinc oxide, wherein the catalyst is produced by pi'epaﬂ’ng an

25 aqueous mixture of the zeolite, a binder source, and a zinc oxide source, and

subjecting the mixture to rapid drying. The invention alse includes the use of the
catalyst in olefin epoxidation.
DETAILED DESCRIPTION OF THE INVENTION
The catalyst of the invention comprises a titanium or vanadium zeolite, a

30 binder, and zinc oxide, and is produced by a rapid drying procedure. Rapid

drying titanium or vanadium zeolites to form microspheres of particle size greater

than about 5 um i_s well known, see for example, U.S. Pat. Nos, 4,824,976 and
6,551,546, |
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30 binder, and zinc oxide, and is produced by a rapid
dryi ng procedure. Rapid drying titanium or vanadi um
zeolites to form m crospheres of particle size greater
than about 5 umis well known, see for exanple, U S
Pat. Nos, 4,824,976 and 6,551,546. 2 The catal yst of
the invention is fornmed by preparing an agueous

m xture of the titaniumor vanadi um zeolite, a binder
source, and a zinc oxide source, and subjecting the
m xture to rapid drying. Titanium or vanadium zeolites
conprlse the class of zeolitic substances s wherein-
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al limtqd teyrrgticidial aili¢an &unedrsiiipa, silicon alkoxides, alkali and alkaline earth
metal silicates. Preferred silicon alkoxides include ftetraethylorthosilicate,
tetramethylorthosilicate, and the like. Tetraethylorthosificate is especially
preferred. Silica sources also include oligomeric silica formed by the hydrolysis

of a silicon alkoxides, such as tetraethylorthosilicate, in the presence of a
tetraalkytammonium  hydroxide. Preforred alkali and alkaline earth metal
silicates include calcium silicaie, sodium silicate, potassium silicate, and
magnesium silicate. Suitable alumina sources include aluminum trialkoxides
such as aluminum triisopropoxide. Suitable binder sources also include titania



netal silicates. Preferred silicon al koxi des include
tetraethylorthosilicate, tetranmethylorthosilicate,
and the like. Tetraethylorthosilicate is especially
preferred. Silica sources also include oligoneric
silica fornmed by the hydrolysis 30 of a silicon

al koxi des, such as tetraethylorthosilicate, in the
presence of a tetraal kyl ammoni um hydr oxi de. Preferred
al kali and al kaline earth nmetal silicates include
calciumsilicate, sodiumsilicate, potassiumsilicate,
and -magnesium silicate. Suitable alunina-spurqes
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Rapid drying may be accomplished by any known methad, including prilling,
drying in air on trays (followed by fragmentation and sieving), spray drying, belt
roaster drying and calcination (foliowed by grinding), extrusion, vacuum drying
on a belt (followed by calcination and grinding). Preferably, the rapid drying is

30 performed by means of a spray dryer. By submitting the aqueous mixture to
rapid drying, water is eliminated and simultaneously the binder is activated,
leading to the formation of microspherss with a three-dimensional {attice,
wherein the crystallites of zeolite are closely encaged by, e.g., Si-0-Si, A-O-Al,
or Si-O-Al bridges. Typically, a 5-100 micron dry product is produced.



zi nc oxide. Wen the zinc oxide source is a zinc
conpound (as descri bed above, such as zinc nitrate),
the rapid drying procedure includes a calcination step
25 (heating at greater than 250C) to convert the zinc
conmpound to zinc oxide. Rapid drying may be
acconpl i shed by any known nethod, including prilling,
drying In air on trays (followed by fragnentati on and
sieving), spray drying, belt roaster drying and

~cal cination (followed by grinding), extrusion, vacuum
drying on a belt (followed by calcination and i
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but most suitably the molar ratio of hydrogen peroxide:olefin is from 100:1 to
1:100, and more preferably in the range of 10:1 to 1:10. One equivalent of
hydrogen peroxide is theoretically required to oxidize one equivalent of a mono-
unsaturated olefin substrate, but it may be desirable fo employ an excess of one
30 reactant to optimize selectivity to the epoxide.

The hydrogen peroxide may also be generated in situ by the reaction of
hydrogen and oxygen In the presence of 2 noble metal catalyst. Although any
sources of oxygen and hydrogen are suitable, molecular oxygen and molecular
hydrogen are preferred.
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reacti on. Hydrogen peroxi de may be derived from any
sui tabl e source, including 20 oxidation of secondary
al cohol s such as isopropanol, the anthraqui none
process, and fromdirect reaction of hydrogen and
oxygen. The concentration of the aqueous hydrogen
peroxi de reactant added into the epoxidation reaction
is not critical. Typical hydrogen peroxide
concentrations range fromO0.1 to 90 wei ght percent
hydrogen peroxide in water, preferably | to 5 weight
per cent... 25 The anopunt of hydrogen peroxide t-0 the
amount fin. s not critical, but nost suitably”
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5 mb/g, and most preferably from about 0.8 o about 3.0
mlfg. Preferably, the average particle size of the support is in the range of
about 0.1 to about 500 wm, more preferably from about 1 to about 200 pm, and

30 most preferably from about 10 to about 100 um. The average pore diameter is
typically in the range of about 10 io about 1000 A, preferably about 20 to about
500 A, and most preferably about 50 to about 350 A.

The supported noble metal catalyst contains a noble metal. While any of

the noble metals can be ulilized (i.e., gold, silver, platinum, palladium, iridium
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anor phous titania-silica, anorphous zirconfa-silica,
anor phous niobia-silica, and the |ike, Preferred
organi ¢ pol yner resins include polystyrene, styrene-
di vi nyi benzene copol yners, crosslinked

pol yet hyl enei m nes, and pol ybenzi m di zoi e. Suitable
supports al so include organic polyner resins grafted
20 onto inorgani c oxide supports, such as

pol yet hyl eni m ne-silica. Preferred supports also

i nclude carbon. Particularly preferred supports
i'nclude carbon, silica, silica-aluninas, titania, <
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platinum and gold are particularly desirable. Typically, the amount of noble metal
present in the noble metal-containing zeolite will be in the range of from 0.001 fo
20 weight percent, preferably 0.005 to 10 weight percent, and particularly 0.01 to
5 welght percent. |
Depending on the olefin io be reacted, the epoxidation according o the
‘invention can be carried out in the liquid phase, the gas phase, or in the
supercritical phase. When a liquid reaction medium is used, the catalyst is
preferably in the form of a suspension or fixed-bed. The process may be
performed using a continuous flow, semi-batch or batch mode of operation.



catal yst. For exanple,, suitable conmpounds include the
nitrates, sulfates, halides (e.g., chlorides,
brom des), carboxylates (e.g. acetate), and am ne
conpl exes of noble netals. " is In one preferred
enbodi nent of the invention, the epoxidation of
ol efin, hydrogen and oxygen is carried out in the
presence of a noble netal-containing titaniumor
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0.0001 M to about 1 M, preferably from about 0.0005 M to about 0.3 M. The
buffer useful in this invention may also include the addition of ammonia gas or
ammonium hydroxide to the reaction system. For Instance, one may use a pH =
12-14 solution of ammonium hydroxide to balance the pH of the reaction system.
More preferred buffers include alkall metal phosphate, ammonium phosphate,
and ammoniur hydroxide buffers.

The process of the invention may be carried out In a batch, continuous, or
semi-continuous manner using any appropriate type of reaction vessel or
apparatus such as a fixed-bed, transport bed, fluidized bed, stirred slurry, or



preferable to use m xtures of the cited alcohols with
water. |f epoxidation is carried out in the liquid (or
supercritical) phase, it is 0 advantageous to use a
buffer. The buffet will typically be added to the
solvent to forma buffer solution. The buffer
solution is enployed in the reaction to inhibit the
formati on of glycols or glycol ethers during

epoxi dation. Buffers are well known in the art.
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Palladium is applied to the spray dried TS-1 by ion exchange.
Tetraaminepalladium dichloride hydrate (0.80 g) is added fo water (54 g), and
this solution is then added the spray dried catalyst (200 g, slurried in 393 g of
water).  After two hours of gentle aghation at 30°C, the catalyst is filtered
washed, and then dried. The resulting catalyst is calcined in air at 300°C forA:

hours, then reduced under fiydragen for 4 hours at 50°C to give Catalyst 1A
- Catalyst 1A contains 0.26 wt.% Zn, 1.4 wt.% Ti, and 0.15 wt.% Pd '
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Thus, the reactants may be conbined all at once or
sequentially. 5 Epoxidation according to the invention
is carried out at a tenperature effective to achieve
the desired ol efi n epoxidation, preferably at
tenperatures in the range of 0-150C, nore preferably,
20-120C. Reaction or residence tinmes of from about 1
mnute to 48 hours, nore preferably 1 mnute to 8
hours will typically be appropriate. It is
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Cat al yst IfA. gatal yst 1A contains 0.26 wt.%Zn, 1.4
W % # Qg ;gv%_ Q@Mﬁt ‘ny'OZpstg;_ nitrate is added by incipient wetness to
Spray dried TS-1 by the following impregnation procedure. Zinc nitrate
hexahydrate (6.427 g) in deionized water (200 g) is added to the calcined spray
dried TS~1 produced in Comparative Catalyst 1D (200 g), then the mixiure Is
heated in air at 110°C for 2 hours and calcined in air at 550°C for 4 hours,
Palladium is applied to the zinc-impregnated 7S-

. ‘ 1 by ion exchange by the
procedure described in Comparative Catalyst 1D. Comparative Catalyst 1E
contains 0.25 wt.% Zn; 2.0 wt.% Ti, and 0.065 wt.% Pd
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9 Conparative Catalyst 1B: Catalyst 1B is prepared by
spray drying an 80 w.% m xture of TS-1 and 20 wt. %
silica binder (no zinc oxide or conpounds are used)
and applying palladiumto the spray dried particles
according to the procedure of Catalyst 1A
Conparative Catalyst | B contains 1.9 wt.% Ti and 5
0.10 wt. % Pd. Catalyst 1 C. Catalyst 1 Cis prepared
usi ng the sanme cal cined (spray dried) product as in
the Catalyst | A preparation, and applying palladiumto
the spray dried particles according to the. procedure
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25 ‘ Catalysts 1D-1E Runs: The reaction system consists of a 1000-cc

stainfess steel CSTR type reactor. Gas and liquid feeds enter the reactor, and

the vapor exits the reactor through a port at the top of the reactor and through a

catalyst slurry-immersed filter, which keeps the catalyst in the reactor. The liquid

exits through the filter, Catalyst {40 g) and the reaction solvent {400 rnl., 85

36 wt% methanol and 15 wt.% water) are added fo the reactor, This s!urr:y is

heated in the reactor at 65°C under 850 psig, and it is stirred at 500 mpm

Additional reaction solvent (85 wt.% methanol and 15 wt.% water) is pumped.

through the reactor at a rate of 145 mLfbr (for the Catalyst 1D run) and 170 cc/hr

for th i
{for the Catalyst 1E run). Dilute aqueous ammonia (0.119 wt.% agueous
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contains 0.25 wt.%Zn, 2.0 wt.% Ti, and 0.065 wt. % Pd.
10 EXAMPLE 2: EPOXI DATI ON OF PROPYLENE Cat al ysts 1A-1C
Runs: To evaluate Catalysts | A-1C, the epoxidation of
propyl ene usi ng oxygen and hydrogen is carried out.
The followi ng procedure is enployed. $ The reaction
system consi sts of a 1000-cc stainless steel CSTR type
reactor. Gas and liquid feeds enter the reactor, and
the vapor exits the reactor through a port at the top
of the reactor, while the liquid exits through a
fllter mhlch keeps the catalyst in the reactor. .

foggrg- %%t i d1 the reaction usoI vent (450 nlL
ano B Raked Qi 18 whéder e Gatlyst Haendrs
Ti%dée‘%lodhﬁ? yesctor Heagked stfarateeddime rae a Catobf & ﬁlLﬁQ@dﬂnﬁEf
ab@fgtarﬂofmprhugr (@d?d'i‘i@ $ur§t r&gufﬁ%oﬁt ?]5196% nﬂJPrP“coerrera%{mOQ

%aCtol onr ol \gen : B I'TE% J € reac

SR 320 fihe PO (hatrhon) A QR L%
wéftl@tr JE repimoine was ﬂmmaesxﬁ BLHO BstdnBitd Titeds pdd ndudbr 1 S
adiieded, s 8 14 AHLBChRFoGERT D08, & SPRALGYE LBed ) e al

In a

rate of %1 . n
c SRURPS gt V(S’h"’i“‘ﬁ*i\ﬂ“e?h‘é3‘b%{§f ﬁ’fqlw%ﬂﬁat es are about 338
15 SLPHe(get pndiactdxlts fren F.heﬂ@p’ ofhﬁél Fekcof arfll FdnPBE 'Ebp gf%

S 9 en containin 9%
i CptRhor R EE o5 he Bk HS et o s attorine.
giterp Petirrietiy >§P‘l“§‘e$ Pfdhf? ¥oivis! andgesdous huere arctanelyzadhi e

t besdlidts) Wothingy ectuett th@&b&&ort ﬁ;ﬂ Ob@hvAof iahd %uﬂ"g‘)h%s} are
3

g gﬂ% ed %gt@@ ﬁ\%t cgé&/tg §%§ grguﬁaqi) g{]c:?aleaia%athe ¥~'O

aHsy 9&9@&’9 FW&B’W@W*@S@ &ﬂ@s@m in P@letiui val ents (" POE")
are priodusets @fICoAgarhive da%%&“sis' Mand” @ingi(:g’tg 'ﬂ%@g é:b&%tljde

e rj ened uct's
‘%%ﬁcgﬁgra%l %%egffcﬁryco?prayaﬂrbegg?%“&%% 9é$ framed TE'?H’? in an
pPW@ her dishPReging ate efmuarral to e&etalyst v(iihoutlanit.h Hweger, tand
I u:anofda Qﬂﬂﬁ@)ha@fn@or@&@ﬂey 388 aihg e sﬁ%\?dr{ﬁﬁ%ﬂ lobeiufd stt.u!?xe
G&% c)%?%‘ 2 %Seg asnﬂ cal c%l ate th rrng o
e const anci 21588 calfiy fgversn ?dﬁ‘ﬁépi”'”@?t@ﬁ@fﬁ?%@
1'3iEtiRlmt do MK eont@azing uch sy Sbamraveasiis: f. a 1000- cc
stainless steel CSTR type reactor. Gas and |iquid
feeds enter the reactor, and the vapor exits the
reactor through a port at the top of the reactor and
through a catalyst slurry-inmmersed filter, which
keeps the catalyst in the reactor. The liquid exits
through the filter. Catalyst (40 g) and the reaction
sol vent (400 nL, 85
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30 wt. % net hanol and 15 w.% water) are added to the
reactor. This slurry is heated in the reactor at 65C
under 850 psig, and it is stirred at 500 rpm

Addi ti onal reaction solvent (85 wt.% nethanol and 15
w.%water) is punped through the reactor at a rate
of 145 nmhr (for the Catalyst ID run) and 170 cc/hr
(for the Catalyst 1E run). Dilute aqueous amoni a
(0.119 wt.% aqueous 11 ammonia for the Catal yst 1D
run; and 0.116 wt. % for the Catalyst 1E run) is added
to the reactor through a separate feed line at a rate

sl 11 ng. TR ek AR S Ao b iRl 5 1"

the reactor exit line of 0.0046 w.% (Cat. 1D run) and
0.0061 Wt .%5 (Caiatawbie THR OehMRgg—,gfngrates wer e
4.8 SLPH (standard Iyiters %e? hg‘u?) of nitrogen, 6.8
SLPH of hydrogen, 540 § PHof | 55%fol|. ®6xyjgen in
nitrogen containimy 0.5 ¥E% mebhane and; 30 g/ hr
propyl ene. The _g,ac1Bnr oduc93exit &% fom t hel t op of the
reactor and frgmthe—te *(.}23”{9007"“’1.4"' i d separator,
whi ch recei ves {Thejga Xt ore that pws@miurough t he
reactor to filiteriE*Perj odically, Sampées of the

| i gueopasetive Egereus ef fl uent are anal yzed, The

pr tRgChening Bare O@statl & grohis RAYRodLRBEED B ctans porabdd parapant and -

51i gt @tplides) are analyzed by GC. The results of the
GC anal yses are used to calculate the PO ring opening
rate constants which are shown in Table 1 The results
of Conparative Catalysts 1D and 1E indicate-that a
catalyst t5 that incorporates zinc after the 'spray -
dried particles are forned results in an even higher
ring opening rate conpared to a catalyst w thout zinc.
However, the wuse of a catalyst that incorporates zinc
during’ the spray drying procedure (such as Catalyst
1A or 1C) significantly lowers the ring opening rate
conpared to catalysts that do not contain zinc such
as Conparative Catalyst 1 B. 12 TABLE 1: COVPARI SON OF
RI NG OPENI NG RATES Catal yst Ri ng Opening Rate

Const ant 60C 50C 65C 1A 0.015 0.005 1B" 0.037 0.01

13
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1 CO0.023 0.007 1 D" 0.044 1E* 0.165 " Conparative
Exanple 1 Ring Opening Rate Constant = grans RO

produced/ gram of cataignded ptaimiour per percent 5 PO
inthe liquid. } 13 Amended Clains W claim 1. A
catal yst conprising a titaniumor vanadium zeolite,
“@&hm@dlunl a binder, and zinc oxide, wherein the

catal yst is produced by preparing an aqueous m xture

of the zeolite, a binder source, . and a 2|n OXi d
sourde, ardaBlyEcaBIERg? HFEIRPLRIAdM 7501, ‘H‘P’ﬂlb}?ger » a5d zine
oﬁﬁ@wﬁ@&ﬁh&’ c,sc&al)@cﬁs p%dﬁéeﬁbylpr%ﬁﬁg%ha khie nﬂ)@@é d)ﬂﬂﬁ zéolitefh binder source,

titaniumsilical . .The catal yst of claiml
anghere P de ey @@If‘ﬁﬂf f‘é‘“}géhePS"tEfe tozﬁpravrﬂwn% atal yst of claim
1 wherein the binder is selected fromthe group
consisting of a silica, alumna, titania, calcium
phosBhat e, Iheestatphelar Livhses thegpollp is gy slicalikn
m xtures thereof. 5. The catal yst of cIa|n11 wherein
the binder source is selected fromthe group
consist i nghesatas of eiipd| wheiemithegeolifedtal - si | i ca,
oligoneric silica, silicon al koxides, alkali and

alkaline earth netal silicates, alum m %Ia|kOXIdgﬁ ¢
and i xt urlds catahest o glpim ]Gwhefpﬁjéhecbaqdﬁq 15%| ectEf!fJ quy the group consistitg of 2

sBLLEhiN, iBSa 24106m pRYHLEE, BB SiBcakeSclSahiedle hdhnibaired theecof.
group COﬂSlStlng of zinc 0X|de Zl NC nltrate Zl NC

acetate, zinc formate, zinc nitrite, zinc oxal ate,

Zi nC sbut yrat @atalyd ol Clafed | RARRIEhe Binlke salréerlatseectealm the group
hydroxi de, zinc |actate, zinc |aur | e

t e, C
IO PR S el 107 Ol EFHTEHG SRS AP aflf 4 alain cart
R, a&né&n%ﬁmwﬁaegﬁﬁn@&&meozeol ite, 10-50 weight
per cent bi nder, and wei ght percent zinc oxide.
14

6. The catalyst of claim 1 wherein the zinc, oxide source is selected from the group
consisting of zinc oxide, zinc nitrate, zinc acetate, zinc formate, zin nitrite, zine oxalate, zinc butyrate,

zinc carbonate, zine citrate, zinc hydroxide, zinc lactate, zinc laurate, zinc oleate, and mixtures thereof.

7. The catalyst of claim 1 comprising 50-90 weight percent zeolite, 10-50 weight

percent binder, and 0,1-2 weight percent zinc oxide.
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