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WD 2008/ 010926 PCT/ US2007/ 015651 DI RECT EPOXI DATI ON
PROCESS USI NG | MPROVED CATALYST COWPCOSI TION 5 FI ELD

WORB00BKHEOIRBVENTI ON This i nvention relates to anPCT/US2007/015651

epoxi dation process conprising reacting an ol efin,
hydrogen and oxygen in the presence of a catalyst. The
catal yst conprises a titaniumor vanadi um zeolite,
pal | adium and | ead. Surprisingly, the io process
results in |ower selectivity to undesired al kane
byproduct formed by the hydrogenation of olefin

conp
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di fferent nethods for the preparation of epoxi des have

been 15 devel oped. are formed by

the reaction of an E@Iﬁﬂjﬁ%ﬁ I&?&ﬂﬁ&ﬁ‘ zing agent in

t he pTaseineentin eelatesabyast eth&aWrgdmbgmon"fprising reacting an
yl.ene oxide , from propyl ene and an organjc

Ririo BRI 0 e i bn restie & ScialghBbn, g catalyst

byohpdpes axitarduor ortvariadbum y:bolitydpaﬂwiwu,! atel leasl. Surprisingly, the
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%éaet erogeneous titania on silica catalyst, see U S
No. 4,367,342. Another commerci al I¥_ racti ced

technology is trﬁe‘\@KG&QU%P&FJME BWVBINTKNy| ene to

et hyl myomfféeerhyn{e@ﬁ@dé 36y tmté}eséa&.@n ewpoa.d%sl H§\Fe been
cat al Unfortunately, the silver catal

Ae¥ea e‘ﬂrs &enerally. @8%’@?% s Tpsd %fneo??a&{"’h o ﬁ@ r°'ef"1 with an
Gkiﬂfjlr@ag&ﬁ iBese PRSPty OP R ity kBHe Mdﬁ@tﬂﬁ{ @Wbr@ﬁﬁene oxide
not her X di zi ng _agent use@éj for Pc{%gar atian
B8k teeYaen i gBn oAl | tropgkidsn X RS 20k, Sch as
gtr&ﬁﬁar\%@ﬁe r&dﬁﬁﬁriﬁfe aﬂdte4=t Bﬁﬂ'l ZHﬁjrof)@rbxﬂéanw esommercially
i s epoxi dation of
RGP Lo i bivdRogts Befiiit Db premeapg o7 8 solubitzed
aadiydidesium bhtalyst.wafeetﬂts r este dNcc 18,851,685 ,doica deterogéienus titania
&b &‘ﬁ%ta ceaqglpétd?%é Q.psoff’a{) lﬁg '4‘?67 §9%elAn%th%yct%h%grpgrmalla e::;)]'actlced

rogen pf OCESS, I eve
mnomwr legﬂaa dlmtenomdgtmrm of etiiyene 4o edhylene ioxigle by reaction

?ﬂﬁ%}gg’gﬂné{v (ﬁ{’/@rnt:aeys?l y@ﬁf%nﬂﬁé{%lyhtlﬁﬁ%u% ?t?aﬁ%t has not

| rect oxi dati on

Wmeé'zﬂslef“' in ﬁ@mnﬁﬂ'él orexigaiianrofdighey Q*Qfglse nmet al t hat

i's SUBBQIEIE§%x?&@ahbtﬁfWﬁWﬂo%%Fcﬁﬂdé:soranoﬁ?é‘?‘%&lo‘?zm& Bgent useful
4- 352771 di scloses the fornmation of | ene oxid

fordhe preparation of epoxides is hydrogen peromde .S. Pat. Nos. 4 833,260,
4,859,785, and 4,937,216, for example, disclose the epoxidation of olefins with
hydrogen peroxide in the presence of a titanium silicate catalyst.

Much current research is conducted in the direct epoxidation of olefins
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 a noble metal that is supported on a titanosilicate. For
example, JP 4-352771 discloses the formation of propylene oxide from

propylene, oxygen, and hydrogen using a catalyst containing a Group VIII metal



10

15

20

25

30

35 propyl ene, oxygen, and hydrogen using a catal yst
containing a Goup VIII netal 1 WO 2008/010926

wOeeHsls®2e 7/ 015651 such as pal |l adi um on a crysCauszmwe/015651

titanosilicate. The Goup VIIlI netal is believed to
pronote the reaction of oxygen and hydrogen to forma
hydrogen peroxide in situ oxidizing agent. U S. Pat.
No. 5, 859, 265 discloses a catalyst in which a
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incigde goki sigppxirtedhen éwosd@amsoéaetfooexemntCT Inti. Appl. WO
g%dgﬁ%uct formed by the hydrogenation of olefin. U S

Z 6, 008, 388 describes a direct olefin
epoxi @ne disagvaniage oMthendeseribre dieack @poxidaion gratalys is that

rtﬁé&?%?e?'ﬁr&fe & %Fdd"uce Mgéecn@wyiavcs&u%egwm ab gq?ycols or glycol

presence of a noble netal -nodified titaniumzeolite
iedher rfafm% bythe fiaRRANINGDAT Bie gPeiride ag&y%gﬁﬁ&m& by-product

%lmhlecﬁ?oyamoﬁwdmgé&trw\dbmsleﬁﬁ to, s heat, A&t 6 oosmaxt dégseribes a
4 tea

5134 DA CBOHEANSR BI<cass MGUBIEIE SEIRTINC G LT Brpciph of olefin,
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SRR M 6 R % it e, SO B armonia
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cat yst and use I n he epOXI dati on of ol efins.

PCFdUHiIEnIQ(I‘PEPPﬁ"G’\l The invention is an olefin

eIOOX' oha iviath Mn?cﬁﬁémwé@tpr@@éﬁ%f'ﬁe@ aegsdur@gto @Ittﬁfnl Btill further
en, and hﬁdro en in the

dB‘ Wesnenys 4n the SRPYARLIY Mel a f@Eﬂ'Ystt% aﬂYaa(a. qiggovered

@hdeff@ﬁﬂ/e ?Ebhﬁerﬂérﬁto;ﬁ&&eé‘dlfcpfdrﬁ'i aglepogideton catalyst and its use in
uced al kane by-product formed by the

Hb%PBQé'HQ PB’F ‘efin. 30 DETAI LED DESCRI PTI ON OF
THE | NVENTI ON

SUMMARY OF THE INVENTION
The invention is an olefin epoxidation process that comprises reacting
olefin, oxygen, and hydrogen in the presence of a catalyst comprising a titanium
or vanadium zeolite, palladium, and lead. This process surprisingly gives
significantly reduced alkane by-product formed by the hydrogenation of olefin.

DETAILED DESCRIPTION OF THE INVENTION
The process of the invention employs a catalyst that comprises a titanium
or vanadium zeolite, palladium, and lead. Titanium or vanadium zeolites
comprise the class of zeolitic substances wherein titanium or vanadium atoms
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The process of the invention enploys a catal yst that
conprises a titanium or vanadium zeolite, palladium

wanasioeeds Titani um or vanadi um zeolites conpPCSAISRIMZ/015651

class of zeolitic substances wherein titanium or
vanadi um atons 2 WO 2008/ 010926 PCT/ US2007/ 015651
are substituted for a portion of the silicon atons in
the lattice framework of a m)l ecul ar si eve Such

e SuBPficig. 7z pOBiol B "B aigfie e iRt Raispwor of 2
ansledylB66ie68.2 Sushi subistandes] and tineio prodanteh, larez2eal kinaen in the
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upon a actors, I nc ngt e Slze an
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vanadi um zeolite such asatltanlum3| icalite i f
dheplefinite be erpxidized. EPT prample: Biepraiered fo Hge a relatively small

%Pd&.wﬁﬁumm&mﬂa@mn Zolitt- HWHEaE a WMhaiLm shieambaf | tHb olefin is a
taniumsilicalite

Iene ,useofaT-

'%?Ihlai)c agvarﬁuga@alféhyleﬁ%rprapﬂarwroﬁ -Bytene. é’MEﬁ’ea‘Ee olefin
ww@ﬁwzmﬂj ahe augdenbp erqur etatniarﬂrsmwn@r nsveenmﬂ:iaum advantageous.
oI [ &)ﬁ such.as_a,zeol |

ie C Ie an r o ur& juum vanadium
é’&rﬁ: HYuSeHR 51! Pe%?u%%&%‘%”%?f 198 ;!?Pé?é FEYM 95
I?aohtlecsumrdasyame@llmr haxing iat siniciunecisomanzdiusmvitte abolite beta may
'b%‘%r@%‘? tohe cl ass of nol ecul ar sieves conmonly

ferred to as titaniumsilicalites, particularly
TS— 1'Partjdwiariyngrederred-titaniywol Qrgyarmalrogz@mtetsonclnae toé class of

@M’ Sie éjgbﬁ'l?r?ddly f&tbfred %gzéhitﬁgﬁig:m %ﬁ% %%?ﬂ’cju@ly “TS-1"

t opol ogy analogous to

éh@\ﬁm@]o@n | MEhtt@pq@sw arglpgoumdo thet 3of the 43McG i deminosilicate

Bebfiea)) el Ravird ah RMEL €3ogyT bhaBLBIR G8thai BF M8 ZSM-11
mol ecul ar si eves haV|ng franme rk structures
b

R ERpPplierts ©sobies) i ap eT%‘SHrTﬁ%eqﬁ’scC@beQSM 4Belgian Pat. No.
439011838 2ntitddidnddorddifing| r%@lec&lélrtsféveg rTaQ/ingJﬁQmeW% structures

tatani ol th?%pg ef er ge %%}é?ﬁnggg} ﬁé ’Hﬁ’\ -41 are also

ispmoPheyS
sSunasadokyuseal THi@tl@*mMm Izebhtamptﬂiféﬂabw corh@ihcrm ellerrwmis other than

B e S R ok PTG A B o
derwT, aloiny alumirura, sodipos potasriung moppelparndjthtgmdeanah be present.
Lol SR i D558, STACLolEIE) Javkhch riston
eprrespending rie the 1fallewing, Qmirrcﬁhéomlarxm@m(d-ﬂsm where x is
ibRthEh loaddo1CENd PR A SrBRerZ9)! iHeBvdiBe 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.

The catalyst employed in the process of the invention optionally
comprises a carrier. The carrier is preferably a porous material. Carriers are
well-known in the art. For instance, the carrier can be inorganic oxides, clays,
carbon, and organic polymer resins. Preferred inorganic oxides include oxides
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advant ageously from9.5:1 to 99:1 (nost preferably
from9.5:1 to 60:1). The use 30 of relatively

woib@mierri ch zeolites may al so be desirabl e. PTNAIS2007/015651

catal yst enployed in the process of the invention
optionally conprises a carrier. The carrier is
preferably a porous material. Carriers are well-known
in the art. For |nst ance, the carrier can be inorganic

gf( gg%lfq, gdg a%oq gsan 0634 Oeié}'nq?ﬁt% j%’é’F %LQS%%EF f@r%%%n%%ganic oxide

290Dinehkie $NCH, dR20Da/ silissalumiobs Gitania, 2ircdhia,dniotlipnéoxides,

irall &8 B0 den o, Aok s b REER iio-ice,
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ﬁgé a&Sm%r&ath car f IS’C}EQﬁe 04 bc_geb ?P%%él{t $138 %'t%gb%% n’E}‘/ more

nost pr fera rom a ‘abo
Pr@eababirgm abioait Opﬁntoeabmjtl;m& nifg.tdrel mast preferablyi fronp Ia@out 0.8

E)c?gggtrxtg I0 F}'bgmgg%fgta%l oqgé'tavéra%é%rgclgr@n%ﬁ oi%ne carner is in the
mflgee@faaﬂqutfor ‘e aboutt 5@ gm, n@rammaﬁerablf)frqmgabout 1 to about 200
Pﬁ?faﬁ{oawo‘ét Paér;r%aéb offf.%gf? ?9{5{ 16't8 a‘-‘db S ﬂﬁéd%“e ’Fﬁér b&fage pore
drenietenls gvpfcatbynratbmrtangetqs abiooti 0 20@bopt 1@wAn@seferably about
Eb% %BQB (i AOHBE*E\%LK p?é?ﬁa%l;??&‘## 5’00t9 elBou??ﬁa verage

out 10
to abdbe msstAenwiceﬂedrtabthp BteGess ozahgonthmmoabomnprises

?all?cf]gmm Ie%ﬁef@{é‘ﬁgh'%m'ﬂ S g-%\é{"ﬁ@tao%ég t-thd IE‘éfalyst in a

st e rocess e 1nvention a

varplyi @fewaysgya( )ameuneléaﬂwmea@ﬂ lga Y (both e sHepartagjon the

fRhilR rd@pddiuth EB@htéaﬁf |p¥|ﬁéd|bﬁh énd @d @y bth Wék%pported on
(1) the palladium and th be supported

BRe® FaTtemiand &ren mixed lWthétﬂ"'% or 2?"?9&“’ ageqlite éﬂofo"m the
bgmg/sﬁays)bghhadaems W0 beefhcofporatednindo CAET tihiur@ st vanadium

tzﬁzéﬂe nfeag suppolljted ' a[}\eucrzgzr%gr Vaarwrzjag\e% mlx%%l '(Iot f%rr%othfeocatalyst (4)
lead may be incorporated into the titanium or vanadium zeolite, palladium
supported on the carrier, and then mixed to form the catalyst; or (5) palladium
may be incorporated into the titanium or vanadium zeolite, and then mixed with
an insoluble lead salt to form the catalyst.

The typical amount of palladium present in the catalyst will be in the
range of from about 0.01 to 20 weight percent, preferably 0.01 to 5 weight
percent. The manner in which the palladium is incorporated into the catalyst is
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catalyst; (3) palladiummay be incorporated into the

titanium or vanadium zeolite, |ead supported on the
woaoesioae926 and then m xed to formthe catal yst; PC#NS2007/015651

| ead may be incorporated into the titaniumor vanadi um

zeolite, palladium supported on the carrier, and then

m xed to formthe catalyst; or (5) palladium30 nay be

[ ngorﬁorat ed into the titanium or vanadi um zeolite,

and then mxed with an insoluble |ead salt to
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paladiup® tata@dhrninecchidridlecat al yst i s 4 WD 2008/ 010926
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SodradsHonr GeRBYS i sive Bite st srjadlef s eatglest may
dedérye prendataicnosush as thermat trebtmertiio mitafgeox vaeuunorhydrogen,
states, the palladium conpound may be fully or

B al | y pre-reduced after addition to the catalyst.
Sat i sTiae tatayyst ated jit the recéss ofthednentiontadseoentaingdead. The
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e Cata nder
moan rte aﬂmghsmelats ptqfenaw 0.0pd4e ﬁm'ghtrpqmnto dugfera ly, the
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d he |
i puti s e SRR S D RLEF he ro
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of lead into the catalyst. As with palladium addition, the lead may be supported
on the titanium or vanadium zeolite or the carrier by impregnation. Incipient
wetness techniques may also be used to incorporate the iead.

The catalyst may additionally comprise other noble metals, including gold,
platinum, silver, and rhodium. Gold is especially preferred. The typical amount
of additional noble metal in the catalyst will be in the range of from about 0.01 to
10 weight percent, preferably 0.01 to 2 weight percent. While the choice of
noble metal compound used as the noble metal source in the catalyst is not
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(e.g., chlorides, brom des, iodides), nitrates,

cyani des, and sulfides. The lead nmy be added to the
wOib@riiesrs or vanadi um zeol ite before, during, ecTASR®r/015651
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carbon atoms; the process of the invention is particularly suitable for epoxidizing

C.-Cg olefins. More than one double bond may be present, as in a diene or
triene for example. The olefin may be a hydrocarbon (i.e., contain only carbon
and hydrogen atoms) or may contain functional groups such as halide, carboxyl,
hydroxyl, ether, carbonyl, cyano, or nitro groups, or the like. The process of the
invention is especially useful for converting propylene to propylene oxide.
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20 preferred to thermally treat the catalyst in the
presence of an oxygen-containing gas at a tenperature

wonaesoatet 200 to 650C, and optional |y reduceprtcinais2007/015651

support catalyst in the presence of a

hydr ogen-contai ning gas at a tenperature from about
20 to 600C. The epoxidation process of the invention
conprises contacting an olefin, 25 oxygen and

hydr oge n the re ence of the cat Suita
o|yef| ﬁ)&’p%mqmie gﬁfge& ane ﬁlsRa(ﬁqweat%/ retggt g’b gatlon process.

Fathbogh ey svurekssLbf exmman(ahqld@mararbl suitab@NnioletulabOxygen
car bon' atlorTB. Prefera e¥ olefin is an acyclic

SR didegylag %%oge?gr% %5‘? on atons; the process of

t he | Eperidaton iar.cpmimg ¢m|the|uyventnoha|lsl mrﬁed @pcati alitempgrature

%%e%v O{ £érﬂ§ve stu%%rbl&?g ? Q.J::t?o r exa n\bP?temﬂ]eratures in

resen ene or Piene f
(bﬂl@fange‘rag/O-BéD%ChWre) peeferably, i20e1Q0°Contlae maa ratioaf hydrogen

xp h QAN Qjeﬁl B Vari ymCtR tr%h f(H’nlgl n_al1 R and is
suc hal i lé'i ggr% FR g 9? &?) %s

I ox
waﬂ@allsofavnraMQ agy r1dim252 1orT|tl¢1 mdlairkr@tlom @ijgm éssgleﬁﬂ is usually

Bhe 1o H%%ﬁb%}eféaﬁgple? h&lslap, Ugﬁ%nefrgfgfgﬁg%grsbi ¥¥used in the

propyl ene to ne OXIde
K'@SQ%PFQH@@S1A30h9g@rﬁrl%rnga?ny@?)b§§ﬁr%ﬁ el gas can be used.

TRRUNDRE rBf6 of REIFPRXLAREF 88s Y 813 SsudilyiRAHERaREY of 100:1 to
sources of ogxygen and hydrogen are suitable, nolecular

dx{Ryand especi %Q: 2 Wdrogen are preferred.
Epoxi @atthel nnewg@sr, daﬂm@rtrﬂ)bwgasésmw #hélfing, aidoneen®atkgon are

ffect t
Bk RGBS piooB e Ao S iyt B5 S dppe witr
ma&,gespéc@ryza@@CanﬁopmfmblyembI ¥+4 2arddi)G@tormbe enp) anethane,
e ol 8T 0B AT Bt Nutodd A bffihd ..
fhstdmcam@saarelthé prefetred in€hecamiéragasest i Mixibresxgfgbe listed inert
%'a?rk,' @E'sésﬁéh'%woybe gséldto 1:20, and preferably 1:1 to

carrier al so be used in the to
epoxi &@eridapalbt oc §sepcmiattlhe of arepengayopang of ésthane can be

IsOBpledIRSsuchma RayURsd in th@ﬁre@gh@é of &h 'a%p?gpriytgfekébésoof carrier

carrirer gas 1S t hen usua y in the ran
pasothgRxplasieclinits 9f mixtyres ©f propylengs propanesethgag), hydrogen,

GRABT b:§Een b BRI End UChd WRbIGRRRMANG Sdrdfiim in the
are suitabl ?ﬁl n addition to nitrogen and carbon

APRPTRT Indae fred A AiSEbORIBBRS with 15 1-8,
especitakel ymdufit ofRdtaly2{ @edbmayVbé Riclermitad iR 688is of the
S B SR WA o BB g W B S s B ol et
supplidte ppr andlr time. | Tgpicattyr sufficieghsatalyshixtpresentofo phwide a
ltiit%tilﬁ'glcilé}ﬁ'nr 6er hour molar feed ratio of from 0.0001 to 0.1.

Depending on the olefin to be reacted, the epoxidation according to 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.

If epoxidation is carried out in the liquid {or supercritical or subcritical)
phase, it is advantageous to work at a pressure of 1-100 bars and in the
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carrier gases can also be used. Specifically in the
epoxi dation of propyl ene, propane or nethane can be

waQomuwpe26ed i n such a way that, in the preseneeTafS2@mn015651

appropriate excess of carrier gas, the explosive
limts of m xtures of propyl ene, propane (nethane),
hydr ogen, and oxygen are safely avoided and thus no
expl osive m xture can formin the reactor or in the
feed and di scharge |i unt of .c yst used
RS R P E o ROP R aSyAt Spiente B8 Br 5y, diEffcal that
at ﬁqmdi iunaler ueactiont eontittbnisy mdll@dmgt bai not eidéd tte, Oxygenated

i\a/%ocg r{é (%gi%alés alc%%%l '&ﬂ ereslfgljrst nlgimietomg' %%rlngtlc and

yst 1's pres
talipbatia rnydlr@cfarbpmﬂarsutcbu @asmbolaend emti reexapeof liquidbn®Oz2 (in the

%Hgg%tlﬁﬁ d&h%uggﬁﬁ@%%?éﬁg 4HY \trvggee"llfr@é?alt)lg stb?vérﬁﬁgfcﬁ%e water,

€epoxi i nvention can

diguidi 6020 8nd nxywawdqmydrqqaa@@s sHeh (s ajsehsls, «lhersy esters,
tk%fqneéo M%ﬁ&ﬁu’k&' SRl m%ﬁee th\é\r-‘b-a? a#réﬂwee bﬁﬁféﬁawa solvents

medi umi s used ecataé is preferably form
mcllad%mne'tp@ﬁtler&f%e@o els. Suﬁﬁ‘eaﬁ‘m‘%%'é%%o'nﬁ'i‘aﬁe' isopropanol,
af RHMHaNS] BE nixEPed tBIBSS dnidoWates € 'Flubahfibd Gicdhdls Ban be

opera X|dat|on|scrrle
TS, M Bl heleka B0 b2 0 =oAL CEd ookt water,
i t | s |fadw@na@tg>eouscémewdt iattha lwuasﬁw sudrcatick) @r asberitical)

7 VIO 2008/ 010926 PCTL 1152007/ 01
BEsEnL i B Ay 8 PR T T RbME Sl g added to
ithe |sobenahy foirerd baffert baltition.s The bgfiedselntien is eagloyed in the

E§§&io‘h’ beﬁﬁ'hlﬂltnﬁ'!%u%r%tl?p O@Lﬁjtf oquéolé bﬁlgﬁﬁ:gl erQ)@ﬁgiﬁﬁgép%%datlon

Focarbons suc ers
iatfienesre welb kaewe imihe arkl i phati c hydrocar bons such as

t ol uepgpaAd,, zsmem.% 9 gbrTR b B ORIBAICH biyelds, the

or subcritical state wat er era vent
ingdyrgdrndvirenortions qﬁv@nql;ogl then ¥y eatgrigh that the pH of their

@Sﬂfti@ﬁ@ﬁh@@ $ar$gﬁ£ h'oﬁ133 ab o) YrSrersBIN@fobn 46t 8ahd more preferably

ket ones, or m xtures thereof. Preferred

ésaj@ént&t%d é’&?@'erﬁaéfs q'f PXYRRIES BN av Epiea prd eptiqry  The anion
Poedip| Sofsughe assaet haag! , irRiUd@NolanidrfOPriRANOlas  PRbsphate,

iR R o B 5 g 2L S, caronate

mmatrbmdtar tayrbprybesdblee, scetatee phinalate eandthd fes)ceitret, borate,

{ épc{k?%eu sﬁfc%{e \Q’ﬂ}rﬁE snh!: teegPd%g‘ilﬁé %e'ct%ta r%'n?oqh&%e 'SBit may

of supe critrecal ubcri
umclu@e adveatioageousudho use a buaiumThe a@lsbﬂarernqmums (e.g.

E')Lle%nfllﬁ' Lﬁﬁgegéﬁcﬂniu a%QJ ‘ﬁ%‘ﬁlkéf Jlﬁ%%tggf faﬁé'ahne earth

utlon r solution is enp

0
rreet@tSp on thelike hFspmpiesanelgdadiilo N4, @M@oﬂ-s Nst, KyIGes Mg, and
e edatiofy! | NdoRP PreftdtddOBuffers include alkali metal phosphate and

ammonium phosphate buffers. Buffers may preferably contain a combination of
more than one suitable salt. Typically, the concentration of buffer in the solvent
is from about 0.0001 M to about 1 M, preferably from about 0.001 M to about 0.3
M. The buffer useful in this invention may also include the addition of ammonia
gas to the reaction system.
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15 Buffers are well known in the art. Buffers useful
in this invention include any suitable salts of

woxyaoiars the nature and proportions of whi cRCTSktwe015651

m xture, are such that the pH of their solutions may
range from3 to 10, preferably from4 to 9 and nore
preferably fromb5 to 7. Suitable salts of oxyacids
contain an anion and cation. The anion 20 portion of

ronohy P dREKRB-pHatES S iekeRR SRS AANTOE,, Togsg, siited in
thee laoinalerecogniza mbamavarjativas tbal aeet eithipethe. spidicet tieeinvention

%FH&%%?%% @gaw like), citrate, borate, hydroxide,

mnosilicate, or the |ike. The cation
porti on of the salt may include cations such as

!%&M/'E@%RW{ gﬁRQPAR%ﬁlogl OF PITS-: (}CATALYST

tetraal p] anmoni uns, I niuns
er.kd1 wt% Ti,

al kal rspﬁ@»t &ried '5$P<a(l1i5 é’%awmds G atde sica hin
'ééﬁ;"f@oe& 55gicyR Adbd W%loWwaltér’ (1¥89 E? i S(Mher mlxmg

cations.. Myre re erred fers 1 nclude al

ﬁ%?'%aﬁnﬁb REEeh BV@naﬁﬁuFatocirﬁ*réHP (R er&eplh'dtOé thplpey ds adlusted up to
Bud f@irsg ey aa@é&rsakanymsmnhﬁl dﬁt»@dmbtﬁéﬂt kétFaPhminED balladium

an one suitable s T I the con rati
Sitale Heeons sanuoroft len PYBRGE Pl sibiad,ter T Gt 6s ciies over a
@heu:]nnll*tjéx/]t)?ﬂdidiﬂﬁba@h ) sfdb@gl]fab@ iHjedioBD Wit atgitaﬂm utrh®.pH of the
The buffer use b s 1y o]y o
Yt . R Binga B g0 el el BT 30 io 3 a0ting the 3%
awhemunShWﬁﬂé&bMOﬁZG\f@ﬁb’bﬂBﬂ@@"ﬁdﬂﬁt&ﬁﬁ the pHds adjusted up to

I [ ' .
th%se Sﬂ‘qﬁ%gfm h§’?'ﬁ %Hd hH 9%'{{ PFZtge]t%ﬁ';a eﬁ;fﬁﬁb' 8P60 minutes
Wleana@tmnmbathemfbawn%u The h:bJrerplrSrf ilterest and evésired {three times

A oA T NG oo
@1sonstantywgighs ;is aptaipedy, eal¢ined EBl 'rQa'![ faf Jodagyr, and then
@r@'aféd“@ﬂthah"/ﬁm% hﬂro’é‘éﬂeﬁrtp Hék OBl ?o?ﬁ‘n %hﬁfarét% 83talyst 1.

in a iter m xing k and stirr é
COBRBHve Coget b roninits O e T RIS 1 &t ftpggyand 44
WR.% @ilicdn 0 usi ng 3% aqueous anmmoni um hydr oxi de, then
tetraamm ne palladiumio nitrate aqueous sol ution

(0. 166 peydsrLe: 2§ ﬁ’ééﬁ@ﬁAﬂbr& dF* bgrﬁbr'ré %Q%L%%r a

one-m nut e peri o rou h subsurface |nJec 1 oNn,
agi t aﬁaéﬁystﬂq@ 49 and ﬁﬁ@nl@lduwatyr (25 mb) Ateplaced ita 3-r(¢ck 100

L inggk t b@léhi\i bé&b%@l@%ﬁ ' @'@Bbq o@ti‘ii‘i(mc h& Y%mL of deionized

amoni um hydr oxi de sol ution um addi t1on,

paden) i .tgem%’@?e‘e the slgrry with w'&rlﬁgaﬁﬁerﬁwemeﬁywbm%re was
aBtddgt F5-8RF@ (LSing Y hétt @baxh) 3AE stifed GOr A5 Mihefes. The solids
are filtered, rinsed four times with deionized water (20 mL each), and dried in a
vacuum oven at 65°C for 2 hours to form Catalyst 2. Catalyst 2 contains 0.08

wt.% palladium, 0.35 wt.% lead, and 2.0 wt.% titanium.

EXAMPLE 3: INSOLUBLE LEAD SALTS
Catalyst 3A is PbTiO3, a product of Alfa Aesar.
Catalyst 3B is PbS0Oy, a product of Sigma-Aldrich.
Catalyst 3C is PbZrQO3, a product of Sigma-Aldrich.
Catalyst 3D is PbNiO3, a product of Sigma-Aldrich.
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15 while maintaining the pH at 7.4. The slurry is
filtered and washed (three times wth 17 L of

wdebmsmierd water). The solids are then dried i RCYASZOMO15651

at 50C until a constant weight is obtained, calcined
at 300Cin air for 1 hour, and then treated with 4%
H2 in nitrogen for 1 hour to form Corrparative Cat al yst
1. Conparative Catalyst 1 contains

ExapLE 2 PREANEMT &F%@%Sb%%%é‘?ﬁo @‘*r%k«\é%‘?éa{ Al yst
1 (8. LalysirdA &d?dnﬂbz@ai()@a,t@prddi’:ﬁt oiS:gmseAtmlrlabeg |o g a
or oAy oA Ebmgs QA pRBLAREELCT, [ 000 9

added to the slurry with stirring, and the reaction

m xture Eé@ﬁwﬁEEfse@iF@bm?R)@& bH%ﬂ\d“ﬂanbObﬁ%‘AL\@‘ h)

and stirred for m nut es he solids aré ered,

ri nsed®d-OUWTIO? (4679t Magei ansopding tattee RrocedrecefcExample 8A)

Ml deioARkel wilter (80 H[) %Y@'blé’éedGEHCaf@hegk M@ FnLt ﬁaélpr R lead
Catalé'tst 2, cont ai ns % pal | adi um

Gostat soi/etIOé‘aéO 0%%9 sf PRIP ARz in élﬁ. ’E?Fn OhdelRRRR watpn is then
|N3eH Bl biaAR vﬁfH—Q'tﬁrmé:aérﬁi Wt red GtidrbmBadie(Bas ﬁeﬂfe@@%—85°

f Alf B s Pb
Yjfia el Phatn) GRS BE AamingieecsT e SBhORIAES iared. rinsed
SogntmAk dvithcHeionZatiakatet (DS eBEHY, @Bd drigdr PdaGlacafim oven at

Eeimpte hifls o8 il S CRes] s il Bty patacium,

Re5Pit.Za@alg, 0 B8pviddlead,cindBywh¥Mitdniuch.  Cat al yst 4B
is Pd-Pb/BaSO4, a product of Alfa Aesar. 5 EXAMPLE 5:

E’ Z*EE’%“%% & eFotaoNEnG Tt Bl Carhilsis rom

and dei oni zed wat erEXABRIPIES B5e placed in a
S ekl U3ty B AR e
Zdgéd 3Bo3Ch§DsI46r 45, aud b, t‘sfelenomdgt:orapﬁptdwlamanmmgmxygen and
a'ﬂr}]/gwqe?l g rr%%at;l.ﬁg The fgl'ﬁ)vﬁﬁgﬁ)ﬁtge}:eggfél %%rﬁplg g:0l | bath)

stirred for m nut es s are’filtered,
ri nsed rgastar systam, epngisting ohd A09-mhtressure neact%uam)ﬂ al1s5L

aaflréidred (';Héréed' Wuénn‘i’i%ﬁfﬂe i méﬁ&qélqgozg/f‘ak@%fﬁ M @mmonium

f or m Cat aly 5. Cata cont al ns

;S‘HMdé%ﬁ‘?ﬂﬂhOS@haéiS §#0 w d}quitrabz% iRt PH | @awith aAiutsg ammonium
Wydféxidd, atheélBatalyst or admixtures of catalysts (4.0 g total) are then added to

the reactor, and the slurry is heated to 60°C at 300 psi (2068 kPa). Run 6A
uses Catalyst 1 (4 g). Run 6B uses Catalyst 2 (4 g). Run 6C uses a mixture of
Catalyst 3A (0.1 g) and Catalyst 1 (3.9 g). Run 6D uses a mixture of Catalyst 3B
(0.1 g) and Catalyst 1 (3.9 g). Run 6E uses a mixture of Catalyst 3C (0.1 g) and
Catalyst 1 (3.9 g). Run 6F uses a mixture of Catalyst 3D (0.1 g) and Catalyst 1
(3.9 g). Run 6G uses a mixture of Catalyst 4A (0.05 g) and TS-1 (3.95 g). Run
6H uses a mixture of Catalyst 4B (0.2 g) and TS-1 (3.8 g). Run 6l uses a
mixture of Catalyst 5 (0.1 g) and TS-1 (3.9 g).

A gaseous feed consisting of 46 cc/min hydrogen, 277 cc/min propylene,
and 4318 cc/min of 5% oxygen in nitrogen is introduced into the pressure
reactor via a fine frit. The exit gas is analyzed by on-line GC, while PO and ring-

10
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15 EXAMPLE 6: EPOXI DATI ON REACTI ON USI NG CATALYSTS
FROM EXAMPLES 1-5 To eval uate the perfornmance of the

waanpaas ve Catal yst 1 and Catal ysts 2, 3A, BBI/USEN07/015651

3D, 4A, 4B, and 5, the epoxidation of propyl ene using
oxygen and hydrogen is carried out. The foll ow ng
procedure is enployed: 20 A reactor system consisting
of a 600-nL pressure reactor and a 1.5 L saturator,

ohreR ety Becldig aRSe s g ey et at i CRfRuSp s e
feadtivh. dThelreadiiondaicamiechgualr fox i1@ehours.ebatatand herumionger. The

?%gﬂll?to ke aﬁgltygésy §rreh s(e% {8 c%léu%tgltge ?Fogiutcg\ﬁg/o%%gggectiviﬁes

reac and the slurry hea
sbowpdnm tl’(GZDﬁlseldPa) Run 6A 25 uses Catalyst 1 (4 g).
Run 6B uses Catalyst 2 (4 g). Run 6C uses a mxture of
Catalyst 3A (0.1 g) and Cataly 1 (3 ). Run 6D
usCOMPARAT Me EXA %VyBRE%RP(HOI‘J @f UGHPaIGAKALYSTS

(3 9 @Bmg#%gtn@z_(dé%-ﬁggta?ﬁn A&Mécﬁ:soéocﬁﬁ‘rtnaﬂe‘(l%tzh@% Qagreﬂte qd.265 g,

Bhi74 Vot 99 07 Sl RGUCET ISk Peldate (0 2F d) ats added to

@%%l&dmNé¥él} ©504) Wit alibrlg. 4ArEPtHOpSladiivd dret éol@%cﬁﬁpounds
a mxture of Catalyst 4B (0,2

Hsgohe, pnaieas §302 K G141 JuGen, average, sige. PO CRYa) g sodium

&)?:al%cg')at/ﬁmd ﬁ@?)(ijbré &d&e@éc; %hecr?:‘al@_a&mn g6ldf ﬁgﬁnhedm MEh e *slhl‘rg is then
C !

Mactea T8¢ Zaoh B IE000 eefdd| SHL I SBIGP bk Rshef oy Afionized

watgrstwoetimes,gotlowed by caldnatienfin iair. at 120°@xiTthegasdcined solids are

%% %ﬁg@é’v @Ehé éﬂ%ﬁ?ﬁ%@ ﬁ tI‘PSI@ gl atFa{tQ % nszi(?nsvp R chloride,

theruidded rergk calcineginial giz6a amufte fumanermt heating at H&°C/min to
r1q@eé kN> h M {hl%gﬁwtégﬂﬂg _?Ezeéfnﬂh? 395‘? ff&r 4 B Gé,[lp' cmed solids

but can e run resu
afe thasy tendfarred| & eat Mwapizoduee i @ndy tmued With @ 4 vol%

@A%ghmlﬁéﬁgEPARA 160 cE/h@ a-IEaIWOQICJfor %hA % 2 tivéCatalyst 7A

RiHSR-Pg- (’Ie&aéiﬁ%'f“ P05 WhthedRld 288U veelitPRIEAY- or o
aurate (0.265 g, 20.74 w.%gold) and solid disodium

(et i are el ot o s 0l e UGB L 0oes
28| 740, %Tgcﬂﬂﬂag@ bdlid:@iﬁﬁdlunﬁ&triaﬁhléi'csﬁ@llatﬁite 2r5g¢art Added to
blthssnBle’ (840" 5 Hhuvisicanst % headin A wpfsampounas
si(slsotveorspré'mdrlsd uaraiases Ti@e1{10 g, 35 micron average size, 40 m?/g,
calcined at 700°C) and sodium bicarbonate (0.26 g) are added to the
palladium/gold solution. The slurry is then reacted for 4 h at 40°C, filtered, and
the solids are washed with deionized water (30 g), followed by calcination in air
in a muffle furnace by heating at 10°C/min to 110°C for 6 h and then at 2°C/min
to 300°C for 4 h. The calcined solids are then washed with deionized water (30
g, 6 times), then dried in a vacuum oven at 50°C, and transferred to a quartz
tube and treated with a 4 vol.% hydrogen/nitrogen stream (100 cc/hr) at 100°C
for 1 h, and then purged with nitrogen for 1 h. Comparative Catalyst 7B contains
0.95 wt.% palladium, 0.6 wt.% gold and 58 wt.% titanium.

11
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reacted for 24 h at 23C, filtered, and the solids are
washed with deionized water two tines, followed by

woabasimneeson in air at 220C. The cal ci ned sol i #6T/AIS2007/015651

t hen washed wi th dei onized water until the final
filtrate contains 1 ppmchloride, 15 then dried and
calcined in air in a nmuffle furnace by heating at

10C/ min to 110C for 2 h and then heating at 2C/ nmn to

300C f T S h
trans erregnFo Iﬁﬁ%@}r\%p&ﬁbe aﬁg'Alf'gg e@ ?{}}TEABY%T
voI v Caiglysto§an/Atiueoug ervditm datra¢Hlon eurate (026510020.74 wt.%

(20 e EBDBEBHNE RS o 02955 Bt dooncos

Atpa 2R @é""ﬂ:aﬁ%ﬂ”?gt fter theupaliasiwpdanshoplst eerohbunds dissolve,
HiatdR fﬁ)zzéﬁ) ' 1 r%@rgrﬂa%rag%gﬁié')maﬂg/ giridjsgdlﬁﬂdblﬁg?bonate

tetrac al | adat e ar e
d2io5r9) zaé'ﬁ E’WH%QFO (s rgl 'awm%‘? sPlutiag to givect pHaf 6.3. The pH is
Ratljusaet toy Elﬂdhgiﬁdéhtw%m&issépédhﬁ soﬂﬁfrﬁbldyrb&%te (0.25 g

Ti 02 0
AT kLo 19 oy “eadbainT o b o e chisrea ond rgpolcs are
amee;hﬁddmﬂw tdmdrtﬁd mtérﬁ@ougr{l galdd\%@pbytdagmaﬂshemsémrrs ¥ muffle
° t, 40 iltere .
19miagS by, BonBrat Mm@ 41055 10n b & Pl 2°Bin 1o s00°c
ffot #dwed heycaleined natide rare them washed amﬂuﬂéiloanz‘edrugag/@e (Y g, six
1 t m

oot i ek Budy Yerl 81 80t A paRaRY A 4 Bl woe
\mntdrtr@pée@ nithea 4l 86 hy8®ged/mitrogent stne (100 en/hdy aetb0°e for 1
ep] \éﬁg ? d%@t#gﬁogéﬂ% ﬁnsf erred to a quartz

r eat

t Ube an % hydr ogen/ ni t rogen

st r eareRDALLTIRR polids HoR9) ar@rth@n Islurediin ¢eioniged gater (30 g),
Wnﬁhanéélﬁﬁ’&ﬁa bff Rad ladetafed (@@3 aﬁr‘aﬁ'@ &ak aé|¥§cflvgd?’ in 155 grams of

cont ai ns 95 wt. % pal | adi um

\f&e'%'%th ‘a'ﬁi%m? aﬂf'emozﬂs'@sﬁﬂermgzTé;‘eP@wUsgoﬂwm%@Med at 75 to
BRAYHLE48: mPRERARAT | idsHd \Hfth ﬁéroﬂli’ie-ﬂl \%te@‘(@é\lg\(%—ur t|mes) and

8A: Agueous,s u rach oro aurate
o8N Ry Gt JRCSBY 140 - et B GNEGS .35 wt.%
paliddidat 6.5 at. W@olg)amemﬁeebemo de| oni zed water (25
g) wth stirring. After the palladiumand gold
conpounds di ssolve, 5 anatase Ti02 (10 g, 1 mcron
aver aQ@_ﬁyﬁ@_SAqnﬁb@s) sadilins detrachidrocauraten §0.295 (§). BR74 wt.%

%}_:' & ﬁg%&ﬁ%&&d@ﬁ%ﬂ%khﬁ% pé‘ﬁc?%%ié"ly&gbé‘ Ue, £88l Y€ dBionized

wasepdrPi th'tbfstlgmg dAét@d Tmaﬁlmmm gol@&:citﬁpcgmds dissolve,
@9@3’) drlﬁ‘%n§{débr'yldgs(3b2€n35 ﬁﬂ%ﬁd%\fe%%& sL} at434,QE}g 8alcmed at

| tered he sol i are

\XHP ér) '?ﬁgd@fj tor the| Rledivry/geldl seilieon: &nlowedahy thenadgition of lead
aobfate (0.22 g). The pH is adjusted to 7.02 by the addition of solid sodium

bicarbonate (4.75 g required). The slurry is then reacted for 4 h at 40°C, filtered,
and the solids are washed with deionized water (100 g, two times), followed by
calcination in air in a muffle furnace by heating at 10°C/min to 110°C for 6 h and
then at 2°C/min to 300°C for 4 h. The calcined solids are then washed with
deionized water (100 g, six times), then dried in a vacuum oven at 50°C
overnight, and transferred to a quartz tube and treated with a 4 vol.%
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lo furnace by heating at 10C/ mn to 110C for 6 h and
then at 2Cmn to 300C for 4 h. The cal cined solids

waneostonene washed wi th dei oni zed water (30 g, SPET/US2007/015651

tinmes), then dried in a vacuum oven at 50C, and

transferred to a quartz tube and treated with a 4

voI % hydr ogen/ ni trogen stream (100 cc/hr) at 100C for
and then purged with nitrogen for 1 h. 15 The

d- Au/ Tj Q2 sol i ds g rr

E rsa?a/gﬁr%ﬂewﬁ%‘%a?a e =8 103 P iy Gatklyst o contains
oshwel.® fdllabitingrea4d wias gdids and 082 Wite lgadgyr ans  of

dei oni zed water is added to the slurry. The resulting

| t dat 75 t 4 ' fi
snr el BB B Ak Uefie Al b it
dri ed in a vacuum oven Etxp@&@_tsw-g 4 h. Catal yst 8A
t 0,9 0 | | D
000 o Ssavekinte the meyeimBace R iararais Taig it 74,80 78 and
@@taﬂls&s BA 98 8@, tHd eﬁéxMhtlc% of)plapylemedusing belyghrsantd hydrogen
ged to deioni zed

tetrachefg tpﬁwfa %05% ead
WaE MR Yy) o‘g'tnlgrqf??] ur s[%rpp {%¥&%al | adi um and
gol d @o3@duon dtauuiesssﬂeee:eaztbrsqa charged iveth ecatalysis(@.0M gpand TS1

' Ny B3 / |G .
%%8% i(é%gg] (erto ("Iﬁ Ia urr?% IHZ gol %i%dh"{é%gsaémmomum
phosphate, iy =t Bk aadometr@nobﬂ Oloa%d Tlmeqe@tcu i§ therpchgrged to 300
EQI (Bbbs Pagbgé?é‘éh &&s?sti@l% Mok h?dr%gghuf‘% F;eﬁ ek, Ghropylene,

|un1 |ca reqU|re urry 1s
Pi%h methanedand thg thalamcem rogen| (vehuge %éndﬂﬂ%@@%ﬁqrﬁgn the

?éé%tdﬁ§ hﬁgmmlﬁéb ge800 |p§©d(2‘0€B &Pa) WPa back \fﬁeéédf@ $égulator with
foll by .30 calcination in air in a E {é?)% y
Hie H@s@. grses PRSEPY SPRUIBURYRYL Herud) Ahentpac %ﬁ 200 cc/min

&aeBsireticat3f8C Al 4nd . athosphareCpreduiy! | IS ofdét tohRiaintain a
washed with deioni zed wat e&éj 100 , Si x tines

aPn%anﬁ ROLER L B0 FienreRCLasRAIING, L dhe oen, iliogen and
| r@rlfe@dstaee paskEd thfolighd r C%tﬁggtetr;s)@gtilggsé vicehvessk! (saturator),

VO 0

ﬁ%‘?&b%‘-’n/% rﬁvﬁ%sg%’g gf\aé‘ Pl “l“(ﬁﬁ’"&%?}? reagior. 258& rpgplof isstirred at

¢aoalrymt Bbe ceadtivhnaixtreds hettekd {abd@landithd gdSeaus éffluent is

ety AL iy BOTEL BRI e

theakendtdd theel §apfiorumn dopyleds mxialeaand @q@ivatanys (POEK), which

m%dﬁBgﬁg)@lengabﬁihéés(t‘lsog)gg I%% Q/ESI epey, daid g@pgfene glycol

propy SI ng oxygen was carri
meihyl stthers (Mek e preduded @Lmﬂgo reagligngncrddition to propane

ﬁ%rﬁHéH s)?raqeshﬁﬁiogéﬁé}ran%f prop§iRAL JatheNcshits 8t Hevat 4fhifkes are

used to calculate the productivity and selectivities shown in the Table 2.
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10

io powder (0.63 g; 2 m.%Ti), a buffer (13 g, 0.1 M
aqueous ammoni um phosphate, pH = 6), and net hanol

w0 208/000926 The reactor is then charged to 300 PpPeT@S2007/015651

(2068 kPa) of a feed consisting of 2% hydrogen, 4%
oxygen, 5% propylene, 0.5% nethane and the bal ance
nitrogen (volunme % . The pressure in the reactor is
mai nt ai ned at 300 psig (2068 kPa) via a back pressure

i ough t e TABKE di CRp a8t e O FALINES i 23C

afidRong qtCansysher adphxess uf %)/HGIF- ordel?mm@nﬁal h Peddpctizity *

const ant {sol vent FeuRsNeRtn ectivitd 1| o iyl
t h FaXVAVZT: Y nit %cgg W‘;‘ztﬁg t he run,

t|+;e 6;A*y\d\ Tt 111 T .vgeﬂ_aﬂd P \m CT1G | C%b‘ dl © pamg

rough 3 t\/\n Lijfter stain]ess steel
(sat GBat or),%2 containing [L.5 % erd of %g-’t hanpl , %37®

preceding the reactor Thk reactor {is stirred at—20

1800%Fpm| TRA r dacP¥E6% i kt ur¥-is Heat % 0 60C And

t he gBsedus 3Bf f[lueRET$4 hnal8fZed hy arB3nl i ngp GE511

eVergenoyr aad tnepunrq.ul d ana&s;ezed by oditd | ne| GC cette4

t he—epd—af—tRe -t RyEapyHemeogg e and 5529
ep 585 m:,,g & Fi5% .

equival ent s ( whi-ch incl-ude—propvl-eneto

PPy TTTTT UX

e
i UM.AI efie TSHUI Fgqja dlfd plwi erie giqylg

( LA nTa LA = M| a 1 [T = Yo TERY !
T

methyl etthers (lf’l\/h\ are prodi perl duri-ng the

i |_adbi tilon %o dropand 25| for fed by t he Hydr objen
of pr nnVI ene THe results!of fhg__@’_an:ﬂ \Icac re

g cllcullat et hd prddilcti Vi tvooahd sel ectitibs

Y ro/bbE STahiviey 2moldsSP AN ABFRY -OrhOI82BoRETE WBBY 710915651

“TByEnd SelEgbioi=taD -omolRegolangmbles ROEX arpsis @roparRy h 199

Tavdueidty = deinmis POEPecdB@OREE FreaplystesrdioPr oduct i vi ty
Comparesve Ex8elplect i vity Selectivity (%92 6A* 1 - 84.6
79.1 0.535 6B 2 - 84.3 88.5 0.376 6C 3A Pd/TS-1 93.7
82.8 0.549 6D 3B Pd/TS-1 87.8 83.3 0.511 6E 3C

Pd/ TS-1 85. 311'18\%Lg P E‘b@)%daﬁgn HasBd F%E%Emgleaﬁ 2 0.529

6G 4A TS-1 9 416 6H 4B TS-1 78.9 92.7 0.517
61 5 TS-1 89.1.89. 2 n OLRPOE-Sel-eetiA .t." =) ol es
PO (ol es POEYH| e eg %E Sﬁyl -n§;?§T§;T§o| s Freiyl.
(%) (%)

7A” 85 47 0.91

8A 82 70 0.93

7B 88 54 0.57

8B 89 74 0.62

PO/POE Selectivity = moles PO/(moles PO + moles propylene glycols) * 100.
Propylene Selectivity = 100 — (moles propane/moles POE + moles propane) * 100.
Productlwty grams POE produced/gram of catalyst per hour.

* Comparative Example
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2 Propylene Selectivity= 100 - (noles propane/ nol es

POE + nol es propane) * 100. 3 Productivity = grans
woeckspaedsced/ gram of catal yst per hour. 5 * PCT/US2007/015651

Conpar ati ve Exanpl e TABLE 2: Epoxidation Results from

Exanple 9 10 Catal yst PO PCE Propyl ene Productivity

Selectivity Selectivity (%92 7A * 85 47 0.91 8A 82 70

0.93 713 * 88 54 0.57 8B 89 74 0.62 PO PCE

Selectivity = noles PO (nol es PO + nol es propyl ene

Weydaims) * 100. 2 Propyl ene Selectivity = 100 - (nol es

propane/ Ny groddsk for Mbﬁ&m@réipéﬁ@alde coRPrising reactmg an olefm

Product|V|t ranms, POE produced/ gr am of cataIrY g
IiEPgen a0 bvastt (b (iR RTEPEICE4 S0 2B 1BEIRISING ttanium or

\%ngeealltéléﬁﬁﬂlugfkﬂd lekdr 1. A process for

pro i ng.an epoxi de. conpr,i sin ng._an ol

Pyar dyen ANE BR55Eno! HorRa e {F8 st il zeolite s

titaninr shcfajjtet i tani um or vanad| um zeolite, palladium

and | The s, Of |

titan um (ﬁ" %’%?58?%%* %E?Z i1 ghﬁgé'g ﬂ:';% anﬁ}?ﬁtg% I%lo%&ﬁs?depf from

B01Thd Opvaigegercent pladiadiuin amefrein0.00t te dtweighttpareent lead.

$ ; : | .
and 4 om o BE PRy Ydamt Aol (R oloff REAE R déH. U
process of Thearegesswii @tamnm wherem e glefin isgpropylene.

ol ef ig. 1ﬁ>hé g 906108|§ﬁ§ 10&m@.1e% melrm%ﬁl.@ rmed in the

olefinis ene. 6. ﬁrocess of claim1 wherein
RIeEenem of |ao$P|V§“tp%€F'F@P¢rFfﬁ°mr¥ B HEFOUR c08§isERg ¢¥f alcohols, ethers,

ésﬂér\ée raétoﬁeé aﬁéféel IfqhQﬂCbQ Cart Ruuresisérebi.ng of
al cohol S, ers ers, ketones wat er

and nfxt ur@ et%@?%?o“'fO @‘a'mrﬂé”fﬂﬁf%‘e@@ ‘Eﬁta'ﬁta‘r‘cmgfi’"ses%oa%'ad'um
AMElcRidsuppertedbalilé titahuim lor vasadiail zdiiten 15 and | ead

suppog-t ed ?Retpr}ce)cess oafn c!alm rwh\(a%ll%%e cafa?yst compnses palladium,
lead, and an additional noble metal supported on the titanium or vanadium
zeolite.

9. The process of claim 8 wherein the noble metal is gold.

10. The process of claim 1 wherein the palladium and lead are
supported on a carrier.

11. The process of claim 10 wherein the carrier is selected from the
group consisting of carbons, titanias, zirconias, niobias, silicas, aluminas, silica-
aluminas, tantalum oxides, molybdenum oxides, tungsten oxides, titania-silicas,
zirconia-silicas, niobia-silicas, and mixtures thereof.

12. A process for producing propylene oxide comprising reacting
propylene, hydrogen and oxygen in the presence of a titanium or vanadium
zeolite and a supported catalyst comprising palladium, lead, and a carrier.

13. The process of claim 12 wherein the titanium or vanadium zeolite
is a titanium silicalite.

14. The process of claim 12 wherein the supported catalyst is
comprised of from 0.01 to 10 weight percent palladium and from 0.001 to 2

weight percent lead.
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8. The process of claim7 wherein the catalyst

conprises palladium |ead, and an additional noble
worb@loiepported on the titaniumor vanadi um PeEOIUSE@®7/015651

9. The process of claim8 wherein the noble netal is

gold. 20 10. The process of claiml| wherein the

pal | adium and | ead are supported on a carrier. 11.

The process of claim 10 wherein the carrier is

sel ected fromthe ro consi sti.ng, of carhons

Ui tarBas, THer RIORRSS O AAUB] o WhETFin dng oaliy|f Falected from the
grblp ‘é@ns@iwg’fbﬂaér,bohanﬁtahiam Bixgohézss, ritmingﬁbd;dnam alvimieas, silica-
tungst en oxi des,

alym éa’&?leTbggldeﬁ, %‘8|Y§dgnl|1rp d(éde i@'\q_nter% oxides, titania-silicas,

zﬁﬂ&@hﬁoélhca&moﬁlaasmcaﬁsnﬁomxmresjﬂmrergf pr opyl ene oxi de
conprj reacti \

Che’ pibsertls BPoaty pf BRTeSHergitapBodas oiEiaF Gohprises
maliagiunt, ddad:,aﬁrada@«!;tormimpbleﬂnatyl pald adatief- | ead, and a

carr| B o S‘a&r 8@8&?«? 96 mﬁlleg%ﬁ?tﬂgnm%rn%tﬁl fst’g%ld

titanium or SARadT um 260l it e i's a titanium _

si | i cH.i t eThaprocrss ofrabeias 32 atheseini the Teadiios, igiRpriof@ed in the
%QQ%& of ac%l%ﬁ(tsf?léétedcﬂmrthé%’rogf) cfdn@%hﬂg Q¥ di€ohdls, ethers,

ercent adium and from0, 001 to 2 weight
gsée@ehe qn@adwatﬁs lipi D60y ahbeuIsEtNeie9H07/ 015651  15.

The pifcesmedprdeess Bf baimhes diherdinehé aesdtion isperformed in the
sel ected fromthe group consisting of carbons,

precantasf @ PUHebni as, niobias, silicas, aluninas,
silica- alum nas, tantalun1oxides, nnlybdenun1oxides,
tungsten oxides, titania-silicas, zirconia-silicas,

ni obi a-silicas, and m xtures thereof. 5 16. The
process of claim 12 wherein the supported catal yst
conprises palladium |ead, an additional noble netal,
and a carrier. 17. The process of claim 16 wherein the
nobl e nmetal is gold. 18. The process of claim12
wherein the reaction is perfornmed in the presence of
a solvent selected fromthe group consisting of

al cohols, ethers, to esters, ketones, water, liquid
C02, and mi xtures thereof. 19. The process of claim18
wherein the reaction is perfornmed in the presence of
a buffer. 16
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