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ethylene to ethylene oxide by reaction with oxygen over a silver catalyst.
Unfortunately, the silver catalyst has not proved useful in commercial
epoxidation of higher olefins. Therefore, much current research has focused on
the direct epoxidation of higher olefins with oxygen and hydrogen in the
presence of a catalyst. In this probess, it is believed that oxygen and hydrogen
react in situ to form an oxidizing agent. Thus, development of an efficient
process (and catalyst) promises less expensive technology compared to the
commercial technologies that employ pre-formed oxidizing agents.

Many different catalysts have been proposed for use in the direct
epoxidation of higher olefins. For example, JP 4-352771 and U.S. Pat. Nos.
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palladium-containing titanium zeolite and a palladium-free titanium zeolite. The
process surprisingly improves the palladium productivity of epoxidation
compared to using just a palladium-containing titanium zeolite.
DETAILED DESCRIPTION OF THE INVENTION
The process of the invention employs a catalyst mixture that comprises a
palladium-containing titanium zeolite and a palladium-free titanium zeolite.
Palladium-containing titanium zeolite catalysts are well known in the art and are
described, for example, in JP 4-352771 and U.S. Pat. Nos. 5,859,265,

6,008,388, and 6,281,369. Such catalysts comprise palladium and a titanium
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30 oxidation state anywhere from O to +4 or any combination of such oxidation
states. To achieve the desired oxidation state or combination of oxidation
states, the palladium compound may be fully or partially pre-reduced after
addition to the catalyst. Satisfactory catalytic performance can, however, be

attained without any pre-reduction. To achieve the active state of palladium, the
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The mixture of a palladiqmjcpntaining titanium zeolite and a palladium-

free titanium zeolite is useful for catalyzing the epoxidation of olefins with oxygen

30 and hydrogen. This epoxidation process comprises contacting an olefin,

oxygen, and hydrogen in the presence of the catalyst mixture. Suitable olefins

include any olefin having at least one carbon-carbon double bond, and generally

from 2 to 60 carbon atoms. Preferably the olefin is an acyclic alkene of from 2

to 30 carbon atoms; the process of the invention is particularly suitable for
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30 feed and discharge lines.
The amount of palladium-containing titanium zeolite and palladium-free
titanium zeolite used may be varied according to many factors, including the
amount of palladium contained in the palladium-containing titanium zeolite. The

total amount of catalyst mixture may be determined on the basis of the molar
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of ol efin, hydrogen, gen and carrier gas(es) per

unit hodir ee@flda&m 'Soﬁaréﬁ AWIR thellignis (abBirsierdicall phase, it is
G"%\é)\/ant%g%vtd lﬁ‘seti‘ﬁuﬁé’rn%eq{uff%pmﬁllo%&gﬁlgp% %‘?de]d t'o%h% solvent to

typically satisfactor Dependi ng o
r edefe@, buffes Sébtbsandé’hedwf@w@kuaomgs eroployied imthenteaction to inhibit

PR S4501L A UG, TR PRI o
25medi um iBsiffesedsefulnp toigtinNepgon irciude any smtable salts of oxyacids, the
nature and proportions of which in the mixture, are such that the pH of their
solutions may range from 3 to 10, preferably from 4 to 9 and more preferably
from 5 to 8. Suitable salts of oxyacids contain an anion and cation. The anion
portion of the salt may include anions such as phosphate, carbonate,
30 bicarbonate, carboxylates (e.g., acetate, phthalate, and the like), citrate, borate,
hydroxide, silicate, aluminosilicate, or the like. The cation portion of the salt may
include cations such as  ammonium, alkylammoniums (e.g.,
tetraalkylammoniums, pyridiniums, and the like), alkali metals, alkaline earth

metals, or the like. Cation examples include NH4, NBus, NMe,, Li, Na, K, Cs,



preferably in the formof a suspension or fixed-bed.
The process may be perfornmed using a continuous fl ow,

W@ ewsAHmsch or batch node of operation. |f eporRCTHES10051001163
is carried out in the liquid (or supercritical) phase,

It g, a6y eat@gens!s MdPe PRIFEred barférsascide abli iretdpHeapBate and
and 1n the gresence of one or nore solvents. Suitable

sol ¥BMESIUMH PhesRhate, hyffels e ByFers May perierbly canddR@ %omblnatlon of
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Sui t abl e al cohol s i ncl ude | cohol s such as

metiR#RE) ab@tIRHRA1 Mita apewpbwopref%rﬁalytf@m apot£hef 1 Mde about 0.3
M qhurgR bR eRbful [ MY hoaied @1@9 Qﬁellﬁclﬁﬁ‘tr@eaddﬁt%éoflatmmonia

|s preferable to use m xtures e cited alc
i tdrsviattes reactioapyPdat i on is carried out in the

I d t

use'a bl TR FopbiiE biodBas By tid proBe S IRt AHEAHSN. ! ©

t he sol vidwt followingrexampbest fr@relwlustratemheﬂheerﬁ@ﬁf efhose skilled in
S o'tHE'a‘?PMIIsre%BBIIIIQé( ?ﬁaﬂfvérlé‘ﬁoﬁ?ﬂﬂt c? inlfPuH %I%f%ﬁ it &‘hﬁ:ﬁe invention

f or mat uri ng epoxi ion.
1one | Anckstopa qfrthettiemwt Buffers useful in this

nature and propol KRR GRUAN Ch AT ARAT G, are

such t haGatalpst PM AfsptdyedriedsDS-dt (102 sy, 18096 rrSngezo‘% aiicd; 1.7 wt.%

referabl 4 o 9 .and nor r ef from .
500 ls CAGe T e ok b o0 ch P dn Ao BG oaP TaskafliG Hieh Slurred
an dn GRidrided iAier TBOMLPOTS it sidfryt &% a§a@ddusn@iuti dRCOTUSRNH,),Cl,
ani ogns such as phosphate, car bonat e, bi car bonat e,

1carBokg11at¥s9 c& d@lOﬂlZ&ée\wﬁe 's SRERAIMINeMPAOYaT3] Miates. The

c t , I
' srltﬁﬂ?llsl E@&@&T%’g ?Z{?I%II"E‘E%?I"?L g' ig(]?tr?meiﬁ Hr%d%@SINb{eﬂ:aJa% for an

i ncadmt@r@heu s subite asli n&@nﬁsgmeohbkylltmhmnmdrﬁwe filter cake is
(ek\ﬁ?shetde ‘?@lsmf wna#EﬁFe@Wa'tQ {11'45%%5%59 fIItI%ﬁP% again. The

al'Tne ear
I i keashGag |smmndmaherplfew tinmed. uTiee Biblitls B, dridiibabertight &, dried in

o et YT RUPR D3 D SN cBh RS RN Ot e materal

bufdoptsins BlEA @E. % Pﬂ)enﬂrEBE fnA9h Yitab@uth ateRiduat ebtideiviag@Ness than
of nore than one suitable salt. Typi caIIy, t he
con?cqeﬂ?matl on of buffer in the solvent is from about

0. 0001 Mh"eodﬁ@d)lébllds Me Rireé L&A Yin fefnomleﬁb%ythébtﬁBJ{OMHO"C (at

to about 0.3 The buffer useful in this invention
may! BCévin) mod Lmédlmgwet HHCt fob A I@w%rﬂnmhhaatg@smtwoméat 2°C/min)

{);egct Slgqgl‘n eI@O"@E% P gnﬁsl d?hg rcg%IJn%td so?‘déJ rea?ed%re\%erbrgd ttcp E quartz
tube and treated with hydrogen (5% in nitrogen; 100 mL/min) at 50°C for 4 hours
followed by nitrogen only for one hour before cooling to room temperature and
isolating Catalyst 1A.

Catalyst 1B: Catalyst 1B was prepared according to the same procedure

30 as for Catalyst 1A, except that the aqueous solution of Pd(NH3)4Cl, contains
only 0.45 g Pd(NH3)4Cl, in 30 g of deionized water. Catalyst 1B contains 0.11

wt.% Pd and 1.7 wt.% titanium; residual chloride was less than 20 ppm.



The follow ng exanples nerely illustrate the

i nvention. Those skilled in the art will recognize
WOreovp/0vEBi at i ons that are within the spirit of P€NES2005/001163

i nvention and scope of the clainms. EXAMPLE 1: CATALYST

F’REF’ARAT(MM%[@@’(@' ysi ﬂcﬁvdeﬁ §Efvﬁ% T b@l@m@@'al 55@@”’1%“’ ) is slurried

80% TS- 1 0% silica; 1. %Ti) is calcined in air

at 55tRIenizes] wated (190 ar%naf-i)nﬁ %M'Pﬁrﬁfﬂolaé\%déummtqtﬁé%5 g in 50 mL
sl ugi h&dohd) id@idaBd %@e?’"ﬁﬁr‘%ﬁle& %@QhéT%ﬁJrryT&/e? Ig‘e5 %Hut(egpenod then

an aqueous ‘sol ution of
dei BRipreds bimed en ad@t@ava/nqrﬁton{w r@gﬂ)om@ler ax@o@mtqréﬂ@ minutes
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wat er r-an additiona ours
ar evacsiairattben hye féolids are dsolatad dyhaltrbtion, ewastaketis times with 50

hed | ' mL d ,
Preemerel defirited P Sad R e UGt Zhetyst Hiretkall Shalysis,
Thethe @lried sn&tefalaiohtaiid @4 vwa\ee Pl gt 2. amdvt% rred in a

t 500C far 8 hour
el yai o1 s Ao eRRIFErd @ OUARA ke DIaPAlEd Witbavalgen (5%

1ol- 64 M{treﬁérf '1tO@nrh|:'M|n)" 5156@"@¥or@hé’ur’sq81|d’we% b§ $iird g@ﬁrbn%pfor one

ppm The dried solids are air calcined in an ov
headtquidefase £oOlT fodpomdemarigiurarandrisolaiingCatelyst €0C f or

4 hours, then heaE B¢ 3580 lgﬁtPR?é?’ p\hd@d hol di ng

at 1500C for 4 hrs e cal Ci ne SO|I _
t ransf erguig Buyfterogemmonium

STl R SO 5 AR T T g o

1% 0 ¥)ookqUuesnp ananomnigmamdroddd 630 %g\uemla) psherl Added to the solution

Cat al, : I cordi to .t he,
san@t%ﬁﬁ%%rréggésg 61212% %Za%%%tt%r %)YQE"E? toggﬁgtst‘? tion“is then
aquaoneassobtwiOmmomy%wﬁmbla)wﬁbibnczedtthm only 0.45 g

Pd( NH-S) ] . 30 & I ongim ¢ l yt %dﬁg]momum

chl mhydiegavaﬁhbﬁﬁ&té t@lg)Zlg omlsm\,@atlﬁ'cbéﬁinlzle@ wéiSr @G@g&deﬁxqueous

i ST DB TR 080 3F MM As Serrpndat B Mesaalugnyint the pH
aceatate 7(Waa gHimete The vefun®s 6f BReSoliitondd desh e ®ised to 1000
nitrogen to the s urry over a 5 mnute period, then

t he"hiPYBagHition Of dgioREsd MRt r ot oevaporator (30 rpm
under ni t ER@RMPIfEOS: ﬁ@omneﬂ%%x@@ﬁo@nﬁh ME TR

500C. About one half of the liquid is renoved under
Example 3A: A 300 cc stainless steel reactor is charged with Catalyst 1A

25 (0.2 @), spray dried TS-1 (0.5 g, 80% TS-1, 20% silica; 1.7 wt.% Ti), Buffer 2A
(13 g), and methanol (100 g). The reactor is then charged to 300 psig with a

feed consisting of 2 vol.% Hy, 4 vol.% Oy, 5 vol.% propylene, 0.5 vol.% methane
and the balance nitrogen. The reactor pressure is maintained at 300 psig via a
back pressure regulator with the feed gases passed continuously through the
30 reactor at 1600 cc/min (measured at 21°C and one atmosphere pressure). In
order to maintain a constant solvent level in the reactor during the run, the
oxygen, nitrogen and propylene feeds are first passed through a two-liter

stainless steel vessel (saturator) containing’ 1.5 liters of methanol prior to the



vacuum then the solids are isolated by filtration,

washed two tinmes with 50 grans of deionized water and
wa@leiosd77s81 1100C for 4 hours. By el enental anal pGI/BS200$1€01163

dried material contains 0.4 w.%Pd and 2.17 w. % Ti .

Thereaolor dTharreadtorisstired @ad 1500 gprfiuntttde tadedommtxture |s heated to
treated with hydrogen (5% in nitrogen; 100 nl/m n)

6008 For The19RsPeUS SfﬂUSWeH‘ HAlYAedr BhaR wHing Q%revgrryehour and the
houy, uli?ﬁfaﬁégzé‘cp g dHfliné GE ARMhé @FRESRhET 5 ARG FFO! fh '?qults are
Cata st 1 MPLE 2: BUFFER PREPARATI ON Buffer 2A
0. 13Wt¥4\frh'ﬂ T#klesT.Ammoni um Phosphate Buffer : Amoni um

i hydr omgé%ﬁ@%ﬁ;ﬁ%&%@gp%oméémﬁv@) eJ(asmﬂ %gl Yg.d%pnducted
in deionrze gueous anmmoni um r oxi de
( 30a0EPNHADLY) thespronegiira dd &sample BB, exsept thah oafngnarn pheatalyst 1B

pH i5 8RS a6 tNd 8”'2 gaﬁﬁg‘gﬁe Fﬁ%ﬁ%épéa%ﬁr% +43g g0l ution

is then increas — I on of " dei oni zed
wat er . Buf f eeXABPLEQL EWWEWEPMWIQWNWAEEQ e
Buf fer i um
di ssol VeEu i %é’?&‘urﬁ EZ)Fé%ﬁ{/\e/gt% ge{r?”'gg%%%&f trea,&gl a&‘-’rﬁ%WIth r%atalySt
1chy dr@xi2ig), (1581 %dwdéd )2 §s2.hetrn afdaitined étf%OSQtha:tertﬂahnd Buffer
unt r eads via a nme o
Soi4R (HF oL ThE o s et ablshon OBy eiraadarersfing of 4
deivnig ed, waioky% OEXAVIRYIE, ?proﬁm\(lﬂ\ﬁol@%t@éﬁé @Nd!the balance
O—% WATER Ex le 3A: A 300 cc stajnless steel
r edt¥®¥€M s ar"g%tar RiesRUEAiE dNgistained 2580 gpig Y @ahack pressure
dr Ir@gul‘é%rhnﬂqoché fébd §4%s basded %@bhélgﬂqroagﬂ thetredBtdH 4t 405 Ln
Buf fer 2A % and net hanol he reactor 1Is
1% he(mecaﬁafegﬂe%t %1 Czu0 ol @fmaisphera ﬁr@wr@onmesrtean@r @fstmred at 500
vol .9 o}
recRiheneh e Readbmpdurkts, HEEE R GPE, B3 Yiheoll grguent i
i s arwlyzedi hean ahllrﬁ)(BCpevegy\hoalr anbahd I|nmd&matye:ed by offline GC at

o B ghBiandte D bol & o e et Ancwe el de Tar S10c

and one (ainmphﬂarExalmﬁsslB‘ ©ompanatiied eexdroplani Jﬂlﬁailﬁ aonducted
t he

const ant sol yent the reactor durin run
o} GRG0 1 P o ek b eaploingl ther fipgtor ¢ charged
paa&i&ﬂctatmgmgm: ¢ Ypahd BeffeSRBI BB8YS oplyeeiThy @8&/% are shown in
(saﬁeﬁ)égtor cont ai ni ng 1.5 1iters of methanol prior
éactor. The reactor is stirred at 1500 rpm and
the reaqth'eOFésthéHoﬁ/ 'tr%th(ﬂéﬁeeﬁ% &f @t@@ect@ﬁeam%& to using a

effluent is anaPy an_online GC every hour and
t hecatalyst mixture ( d/TS1 plus TS-1) compared to using Pd/TS-1 only. The

25 palladium in the catalyst mixture produces a greater amount of epoxide
compared to the palladium in a Pd/TS-1 catalyst alone. The methanol run of
Example 3, for instance, shows 17% higher palladium productivity and the water
run of Example 4 shows 36% higher palladium productivity. In addition to the
higher palladium productivity, there may be an economic advantage in catalyst

30 synthesis. As demonstrated in Example"3, only a fraction of the overall TS-1
needs to undergo palladium incor‘pofation (although a higher amount of
palladium is needed) and the addition of palladium-free TS-1 can still result in

slightly higher productivity. This observation can result in economic savings by



l'iquid anal yzed by offline GC at the end of the 18
hour run. The results are shown in Table 1.
w@vparasi ve Exanpl e 3B: Conparative exanpl e 3BCT/BS2005/001163
conduct ed according to the procedure of Exanple 3A,
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at lZlOC an Qone a !"\a r.oaet HEP

Fay
CT U

stirredfat 56rg+rpm 0 nd tt9e8react i%n mxtut® s heatod

t o 666 ~—the—gasepuseffiiugst s agal yred hyz an onl i neo
GC every hqur—and[the tijqui d apal'yzed by offline| GC at
t he fengaof [The <18 haur run4s The resul t$ ar®@shown in 26
Tablle 1 Conparsati ve Exanple 4B Conparative_exa Lal e 4B
is ¢ondlict ed aecordit?g tla tée r oc’€dur d QfOQ_:_?,@\a,qp e 4A19

exdéptmpa‘rativetﬁ)sam@actor is charged with Catal yst 1C
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npared to using Pd/ 1 only.
10The palladluntln the catalyst ntxture produces a
greater anount of epoxide conpared to the palladiumin
a Pd/ TS-1 catal yst al one. The nethanol run of Exanple
3, for instance, shows 17% hi gher pall adi um
productivity and the water run of Exanple 4 shows 36%
hi gher pal |l adi um productivity. In addition to the

hi gher pal | adi um productivity, there may be an
econoni ¢ advantage in catal yst synthesis. As
denonstrated in Exanple 3, only a fraction of the
overall TS-1 needs to undergo palladi umincorporation
(al t hough a hi gher anount of
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pal | adiumis needed) and the addition of

pal l adiumfree TS-1 can still result in slightly
whe@her7spr oducti vity. This observation can respCT/UB2005/001163

econoni ¢ savi ngs byrequiring the processing of |ess

TS-Wel cﬁalpal | adi um i ncor porati on. AI so, the PO POE

sel ectiv i.s unaffected, or sl npr.ove

Sl mo e LatopiBess i e auco e Bihad cobRfigld meedtiran olefin
V‘h'l@\hﬂl’@m aehel bxyy@yrl fN ehe XorésericBObE apb@@wlsﬁﬁﬁlx@ﬂryc@impnsmg a

(B B et zcaile arishd BTk e b O Fagle.
511 COVPARI SQﬂh%r%&éfﬂaﬁ@T'Meﬁfn@ﬁﬁ%@ﬂé@|UMecdﬁ€éiﬁmbentanlum
PO’POESeIectlw 3/ nmol es PO + nol es

pr ofRRllsnePEPHRES IPSjladiumgnd Q'Bflaﬁwntﬁ'{‘%ﬂ'%t Productivity

granms FOE NhepieRds df amimb Wikdrah thatighnsh shediitd RUFS-1.
Pal | adi um Pr oduct ivity = grans POE produced/ gram of

pal | adi U per NRAUPCERE @ @rim 1iwherainghe dadadipgrcontaining titanium
Pr OfMGNEL AR RRPHILE: uﬁpmtéﬁbﬂgzéoﬁ%cﬁpa% r?Jbl@}'rf‘eftélrbelected from

hydrogen and oxygen in presence of a cat
1m xther grogipnpensisting af éatinad, ugeld.ostharniinegumi trhemlumm ruthenium,

Zeo&érﬁnﬁnﬁ?ﬂd%%léﬁtﬁhr‘é’@i‘rf ree titanium zeolite. 2. The

process of claim erein the pall adi um cont ai ni ng
tit ani urh. zeolTheeprecassr dfseainpdl Wizdeiontharrbie trietalrs welected from

I h
o1 B EeqrbisnfU B BRRGRS g8t SHRASIIRIE o1 S i
1 wher eith t h&@hpalrbeesisuof daint diwhengintthé gailadiumendntdining titanium
L ty lit d bl
Rl I T e
goI d, sid.ver Themrd&esmofrd‘&nm Uwheraiti frenpalRivesfred Mitarid zeolite

m xturEs therleo 5. The process of claim4 wherein
t heS AdBARUREIERI®s sel ect ed from the group consisting

of pl atigium TgelpflocerrbfWaiur adetdie frRopallaBiunthee titanium zeolite
pr OCﬁ%E of claim1l wherein the palladi um contai ni ng

titiadiuhm zeolite conprises fromabout 0.01 to about 10

200ei ght  [er cemrhe padderdiof Blaind 1 WteiRtRé 8&fin &f a &, BIdfin.
wherein the pral [adiumfree titaniumzeolite is a

titani ulsi | iTBEIPFReEss 8f claie Tpyhsseiadhe pledn & pRopYIRRer ei n
the pal lqdi umhgrgcddst Gt 28Rhdre® teaictlon bf olefin, hydrogen and

oxygen is performed in a solvent.
12. The process of claim 11 wherein the solvent is selected from the
25 group consisting of water, C4-C4 alcohols, supercritical CO,, and mixtures
thereof.
13.  The process of claim 11 wherein the solvent contains a buffer.
14. A process comprising reacting propylene, hydrogen and oxygen in
a solvent in the presence of a catalyst mixture comprising a palladium-containing
30 titanium silicalite and palladium-free TS-1, wherein the palladium-containing
titanium silicalite comprises palladium and a titanium silicalite.
15.  The process of claim 14 wherein the titanium silicalite is TS-1.
16.  The process of claim 14 wherein the palladium-containing titanium

zeolite further comprises a noble metal selected from the group consisting of

11



9. The process of claim1 wherein the olefinis a

C2-C6 ol efin. 10. The process of claim1 wherein the
we@b@siorrsss propylene. | | . The process of cl aPer/S2005/001163

wherein reaction of olefin, hydrogen and oxygen is

perdiginues gbida SRk emidiund,2 rhethemprrogesingf osmainm hhd mixtures

wherein_the solvent is selected fromthe group

cort88$Pfng of water, CrC 4 al cohols, supercritical

C2, and7m X{He @Foddier&laiml®s whersim ts 669t is Heichdlom the
wherein the solvent contains a buffer. 14. A %)gcess

corf3PHR | GRYSISERS t S YR o Sy en @ICoh)§r SYRRMCEfIER! 0{Age @NPnMixtures
A spbnept in the presence of a catalyst mxture
conprising a_palladiumcontaining titaniumsilicalite
and pal 118di umhhe percessof claind mdierein e solvent contains a buffer.
pal | adi ug: CORALMABrdducBEIY TS bldcEa bt SaffPAP! | S€S

pal l adiumand 'a titaniumsificalite. 15. The process

of clai R014 WEPAUH produced bathepiosess ebelaimel4.s TS-1 .
16. The process of claim 14 wherein the

pal | adi um containing titaniumzeolite further

conprises a noble netal selected fromthe group

consi sting ofplatinum gold, silver, iridium rhenium
ruthenium osmum and m xtures thereof. 17. The
process of claim 14 wherein the solvent is selected
fromthe group consisting of water, Cl-C4 al cohol s,
supercritical CO2, and m xtures thereof. 18. The
process of claim 14 wherein the solvent contains a
buffer. 19. A product produced by the process of claim
1. 20. A product produced by the process of claim 14.
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