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CATALYST COWPQOSI Tl ON Abstract: A process for produci ng

an epoxi de conprising reacting an ol efin, hydrogen and
oxygen in the presence of a cata- |yst conprising a
titani um or vanadi um zeolite, palladiumand | ead. The
process results in significantly reduced al kane

by-product fornmed by the hydrogenation of ol efin.

2008/ BIASRH HBKISSRPRM RHHE |

PROCESS USI NG | NPROVED Cf égs%ff%ﬁ%@%m

OF THE | NVENTI ON Thi s i nventl on relates to an

epoxi dati on process ol ef i n,

hydr ogen and oxygen f%ﬁgéﬂg‘é@ﬁ@%hﬁ}gg catal yst. The

cat al yEis invemoh getes to taamnmdmomamademam@hshg reacting an
di rpr the. 10 cess

aclipe beoRR ané Bnvoshi B 154 Medendes B dt Ao The catalyst

SASPRIERRSL2 Higniuse ob yanadiumhzetlioy eradladiom, @hdokad.i Surprisingly, the

ISttt S SR B Mg o oo

YorReNatioR< IRt sempares ieraipiiarasatalnsiosystgros |ﬂmlatsﬂd1mte:ontam
hes 15 devel oped. Generally, epoxides are fornmed by

the reaction of an olefin with an oxidizing agent in
the presence of %AE%%RQHNDﬂfeTHEdHN&NB@ f

pr opy |\aey adiffetent gmemoﬂeowl ﬁﬁepﬁéﬁ%réfbrprc?ﬁé?%mdes have been
40 i di zi ng agen as e enzene

eg{ %r Oidl?;gger%ﬁy,t%gqm % ftﬁyaga%é(rtgglra%chqnsof an olefin with an

csmimngmlehym hegresemn d)f%lfnat@lﬁglyTgéF :ﬁalr@dtﬂm@ﬁ F profyviene oxide
0 sence. 0 sol ubi liz

R DRRyier, it B GRERE b Brsprsite | §dsfios spent such s
£thdbenzsen dassopérpaidiea ororteditiutga mat@iey@tde s€e Wo®mercially
R r. racti
FeeRnorasyroena e R s RSP e g Par g sotubiied
STRyPEeBi Gaiplyy seedd i Hat. Mpt 36146560 cowehnetersganeens titania
Qﬁi Qhé@bata%f W@ b, NHNR 23 A ﬁﬁ‘6tﬂ%¥§émgﬁeé'paﬁy practiced

useful in comercial epokidation o

NHRIY Bt dirad serpXjdptionanidetiviepe toyetholepeosxidesy reaction
a\vitﬁ bEj?geﬁ*IX ol | BHQIV%G Q'Igtéa?ig%ef wlnfor{ﬂatép{? St ?ﬂﬁarraédtglgstoﬁas not
3’9 g#‘i%ﬁ nd% “PS% epgxigationy afhigher Olﬁﬁlﬂs exarrpl e,

di scl MIddsmwgemadﬁL ﬁgyg rﬁ,fdr@;i@6¥,gﬁs v!.r:]{dwh?,f%ﬁ?,g&%rbgem useful
) um sili
G O At Boalbb B RHBERES o BlutiPokn barbiii Lk At Noheh 833,260,
i &@:?B@pana 4R37cH G ffoobrdmple, d&@ikc)jyietthe%?b?ﬁﬁthaﬁ &f olefins with
S e eve a (0),¢ en

ogen react in si
agent q@@n?w’ﬁ?'ﬁf researchcist ml‘gt&lt:tedﬁwme 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
exampie, JP 4-352771 discloses the formation of propylene oxide from

propylene, oxygen, and hydrogen using a catalyst containing a Group VIiII metal
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hi gher olefins. Typically, the catalyst conprises a
noble nmetal that is supported on a titanosilicate. For
exanpl e, JP 4-352771 di scl oses the formati on of
propyl ene oxi de from 35 propyl ene oxygen, and

T 98 Y B IncrE T SR NeBetBiSosTReL Rl metal s
pzdliesdi um marwie tiys traddtiomeoft daxs@ﬂasmd bpdregefitie f@rouphydrogen

V&érbxsﬁ@tlﬁ‘ glt'ﬁ%xicﬁﬁlng %\é%ﬂ tg, S)rl@z‘F]TDN% B%Qrf@‘f&ﬂs&gs% a catalyst in

gen an dr oge orn1a per oxi
sw leh @mfatwrﬁgnﬁ@érﬁeie@@frowdﬁu IN@. Pt!s ®%9r 264 P, is supported on

S wh t
géél gﬁg@so? grﬁnﬁéRﬁllu)ﬁRtﬁm'cﬁltijte Og)’@’{brradia r?@ ég{%’*f@lagsé ?atalyst examples

oRCldg 9ald gHPRRKies apaii@aptilisales. wea fqreeiammrﬁg deibtAppl. WO
epRyRpaled.i on cat al yst exarrpl es include gold support ed

on titanosjli exanpl e PCT |Intl WO

081 004335 dsrarGaan, 3 g esHHHb cliecPpoRdalr Botalyste 1s that

eimeyladatproﬁe det@byats nlkc))ﬁ -dehdtive Wc&ﬁ&s@&ﬂeaé glycols or glycol
c ect.jve s such a

CRIEH or PR TR gl By HE PR Eon iy oRkang by-product

efpﬂmedeb}pﬂw lmwrugenahk:anﬁ defimpr &il 8c Pt oNoe &, 808, 8% describes a

YRR R t%{fﬁi d&Itlo Fg?s i v§1|c€m§a%é\rlgctwﬁngr t’h%Srgﬁcﬁon of olefin,

descri bes I n epoxi I on oces
wRFYeRNt Aed bwréxgewmﬂye ﬁl‘ﬂseﬂh% of eambl&)metlﬁi robdifiea titanium zeolite

O&éygﬁiﬁané@d bUyﬁ{eo%%Bsti’oﬁ EP% Nt?oi;%'?\c@or?\ o@n@o%c% £8 ammonium

metal -nodifiéd titanium ze I's enhanced

adrexigh etha rﬁ?@tmmwér&mkmd’@tubﬁ BB tamh@s the use of

ha@Frninee H%@larbbﬁai%er%%lf@!‘h {6 &‘éd#éﬁsea Mespro'aﬁhtlo%f ring-opened by
6, 399, 794 tgjﬂ% ? the use of moni um bi car bonat e
e

MOEPFIAMCE - ¢ aNe- Pr@ﬁp%iutfach% the usengf- Blmv@en@y sulfur,

byeiprmaduot arseHmSmoBEﬂers boch 8s @dhehyBhoepsiRe oridizb®phene to
egiéapﬁor us ﬁJ ; sel enium or arsenic nodifiers

suc REHS %8 BPAR®or benzot hi ophene t o

decr ead® witie pmp deheimioal pfodesspdinés dMirABiemMtd hatedly still further

LT RETheRt 20D B et aef RO B0k v oh Elsc, Wlhbovp gscoveree

cait gffpstivwe, opavhaiest greessedo dorm an efdxittionecatalyst and its use in

COREIIRIMticR R SRstRst © form an epoxi dation catal yst and
its use | nic t he epOXI dation of ol efins. 25 SUMVARY OF

THE | NVENTI ON The invention is an ol efin epoxidation

process that conprgsasvpescHENHE A@ENTIORXYJen, and
hydrogﬁ?ﬁln the presence of a catalyst conprising a
[

titan INEligRE; ImCllt pRexidatian amceﬁ? %lcm@aases reacting
Tdﬁeﬁn,pmgessaﬁ@hgﬁrcﬁjenghm@pi«&%ncébgald‘ahzsx R do¥ngrRHCE dianium

duct f b d enati on of
:{)rkggﬁag YirP'228 t% pacflageum cyané t‘kea\f:iy [F?*n? 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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of the invention enploys a catalyst that conprises a
titanium or vanadium zeolite, palladium and | ead.

Ti tani um or vanadi um zeolites conprise the class of
zeolitic substances vvherei n titani umor vanadi um at ons

r@Q&%ﬁ{tQ&Q&ZS ;F a%%g %{%85 om%raﬁ E\eqsﬁtrﬂa Earr?ework of a
ffﬂah@ Isieye. aSumlsebﬂaace&a@dethe&mbdwm anz el kapdn in the
el Se@?@rdéﬁrhrﬂg U, ‘?Dé‘l’elgbs kzggé’(g?b? NS %%%Eg?gsee for

exampl e,
Sui :Tg@‘é Eﬁ? é&tﬁ"UH%Pr wanadivgmzestiest et ﬁr@q hostalline materials

Q’fa&fﬁfg?ﬂd bBRUERh eI S@v@aéﬂd&%r@ RRK QSR BF WaRbdium atoms
uct We Wi th tjtani um or vanadi um at ons
SiBEfided di e TREMatkewdhR. choies FlofieBiusn @ vapadivn zeolite
o&mpﬂapa@l Mﬂlmé@éﬁnd Lipon @Wﬁ]n@b/ércbf%étbréj FRAMING B siBe and shape of
n act or% [ nc}i %gﬁ_%e Si ze and shape of ;
CHE 21 1o:PF EPBESiagti el AsaAI it GyIRIBY fruaeen feativoly sm
moarée:narerdm or uaea@urretabilw&byhmé |tatarﬂl|@ﬁ%r{i¢a:h&mfttﬁé Qlefin is a
' ite cha titani umsili ite
‘g@@g P%Wé@ogﬁf{q e A BFBYE % Eugzh" Wneid'fhe olefi
a8 ybpyiene pthepysend, a ens 1 -thariiemesllitaiite ¢s epecbityf aavantageous
I tan [ c | te i s
RDULSIR, 7 458,36 Bllohs! TR SHE b gpnaciom
c%f"é’l ‘%ﬂ‘r%‘%@'hés aaZ‘F%frt@é’rﬂV}ﬁlﬂr% structaing inpnrrpbavsdiitbeoclite beta may
ZR0ObidfSr&ych as a zeolite having a structure

i sonorphous with zeolite beta may be preferred 1s
Par t i JUFHFYIGHY, PERieried ditenitEn PU YPBRdIVEN 6P ties nctiide the class of

imolecdiar Tsi@e@o@%ﬁm@ﬁly reRireUtds BlzBURS sﬁl@ﬁﬁ%@' é(artlculariy “TS-1"
$ferredt antumsilicalites, particularl

(pevipe “apy, Ej’ Prenelgers gle dnal Ghohs £SM- ﬁaﬁlwmosr!rcate
tziwh%SM srsuzuqhamagl arc el t3p0bby eMalo oE% ?e tr(éiadm e zsmM-11

|l o L0 I hat of t
lbgjs.hcgr Tae 1@3@21 ﬁq@;) TIS fj (a“?Sd?sc( st @ﬁ‘%@t‘d Pat. No.
BeO@‘I QB8PafiitaNom-26nthirdad nﬁﬁ&)uiar&rém HAVIAG TiheWHE structures
r rLes
Fg%rﬁ%#ﬂp ﬁgb }é&i’tgo \fz% r}ﬂgic{egﬂgﬁ%$§le% t%%%é?l\/?ﬂg MCM-41 are aiso
Z5ienie fO&PFIe MEWe4itaniven zdolites sefaralily eohtmin ne eleribets other than

I ts_other
:t!rt]éarﬁﬁrnti ﬁhgﬁﬁ uz!#]k? éf)l%lf T oﬁtﬁ@‘%ﬁr%}?ﬁ%@%@ﬂoﬂp aﬁth@F fingr amounts of

Ak alHnipHBY @ﬁdrwmdrotwm gofyfer apdrtba Jike may, be present.

aI umi mrﬁferﬁéiﬂl Hfﬁnuﬂﬁt assditdd  GRPPYe néféqil?rt hﬁa\}e]’ K& MBYmposition
resent Ef erred titani umzeo es

5868?8?”?/% ”1? lonirg tqnar?rw%!ororr@sr@onamg('t-zs)&nrae where x is

foeltives Q0N anuaatsod)@r b ﬁr:@f@r%b(yl'tl’@ Sbﬁ?e where f?&n') 9.01 to

ef . the val ue
gﬂ%’(@leg'rge 0%03155 Oia {o o? é)iQﬂ in the ttzcee rf{rflan'uf-:wcwrk of the zeolite is

advantageously from 8.5:1 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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W 880105 nolar ratio of Si:Ti in the |atticeperusa07/015651
framework of the zeolite is advantageously from9.5:1

to 99:1 (nost preferably from9.5:1 to 60:1). The use

30 of relatively titaniumrich zeolites nmay al so be
desirable. The catalyst enployed In the process of the

PR R SR FRTREEE. Res Bl ol o

\narﬂlerlsnwlndersultcheaMma Fsiitca-aﬁshﬂzgm tltér’ﬂg BifdohicE MidkAlim oxides,
car bon or

1589306, 88| B SRRHED o, S i s

W@F@@OUS aANoopEeg) MMGrmSUSﬁBﬁVdIE&ﬁS%ﬁ thef liKs.0Uthe carrier

%na)? beda g@oilt@ b is R5t égctﬂiﬁﬁe&l §an£a‘% i@erl F'feggrred organic

preterre I nof gani ¢ OxI carri €rs 1n
AW, resins céf—*(éll"iﬁn Ralystyréneni siyremﬁfchwnylhenzar@bl cmpo}ymers

Qrbsinked LN AhBh &K uq@ss'arf@lp)ﬂ@ggﬂﬁm:&%lgessﬁémg Carflers also

oxi des, anprphous titani
2“?’[:‘ ?n‘%{9§"'|°| RAYMERBeHRD EEaiteD BN mqrg@ac oxirte cheiers, such as

Ipdtathyl Bﬁmﬁiﬂé-fsiiﬁ:é S FFBterie BadRA Idigo iMtiad Sain.@ Particularly
titani um or. vana mzeollte Preferred organic

FOPREE FRUieRs I g %d@rtmﬂ vl ellica-aluminas, titania, zirconia, and

stigtriene- di vi nyl benzene copol ynmers, crosslinked

pol yet nes enzi mdj zole. Suitab

carri é{} él’eg §‘é§n¥ ?ﬁr{ﬁ%’e p%’t‘ciﬁf%rm?é@%obﬁ’%ﬁ‘{téo“’ about

0o feprigasi precﬁtxnaﬁty frannr aiamzst 1@3&3 fabast 500 mzlg Preferably, the
ca | e S

%r& gmg Y %@%Ear T the QS a&og l?qqsiec}g mL/g, more

i ncl ude carb arl
inefereidly frand ehousy.bite @bost 345(:ra¥_@ @nd masst ;Ireﬁeaaiblyifrom about 0.8

b "4t 3,0 A1Yg. riit‘éﬁéréb{ Pfh%f V(Q'Eé Pa&tﬁ%%ggoﬁﬁe%@';er is in the

surface area Tn the ra
fPNge ofraieuhP dfteratisiuy sﬂﬂomm anore pa:b@emmyamutabeom ﬂﬂla@out 200

Pnef afrier i
rgﬁggﬁt?% { ESFQ?%' g TEOAQEE%#{IR i Otoneﬁcé& i{%(# Srhe average pore
siametears WW‘F’%’M laloeirar@ecot abaliotit tosaﬁomU@ooandpmabzy about

ekl BobromRAAHL: ei%ral%t? BBALs0 % Qollthso o .

Preferably, t he avera € Size 0
is i nTthﬁecatla%@@Wb%bm tioe Prwfcf%%bobtheS@ﬁrem:omm!m comprises

eéembla i
@Ea g’ F Mdféf%m ghgﬁaﬂgdhﬁw th‘i’éadz%%g ) Q}Hj]e 1o e catalyst in a
8F’8 8 tser(" dhe \peiladivmy and lepd maMgt@otbfbekmmpoaed on the
tttaranhmtm VHHiun Zeosfee (B
’ gasnrgst R' éeﬁ’bj (B el=ahl bnadad thd PhGR U sbried on
cat %I idd %3 B |rH'x¥ﬂeW' Jiaiemupr (veaadigie FEpe tl fum the
cotglysts€8) padthtiadi unaansk hﬁcﬂﬁporﬁt@i P! B Lt'liﬁrﬁur}q Bte%nadlum

t { | t
PSR ) ol B e B
rd ey &8 dmecoporateth dntontee dtartien 6:2)vaﬁal:!|bﬂrd|z%€l1t§n‘i'>anadlum

ls@ﬁﬁoﬂ?@d/ OH%Q L%‘?néru %P,EHF.SH rﬂ&eg § glm"\i 2@% {cHaZyslt,oorf &y malladium

t hen, m xed n-umor vanag
ey be mcorporated into the titanium or vanadlum 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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wantm@byep2e (3)..pal | adi um may be incorporated i nf‘@r/hﬁﬁm’//msss;
titanium or vanadium zeolite, |ead supported on the
carrier, and then mxed to formthe catalyst; (4)
| ead may be incorporated into the titaniumor vanadi um
zeolite, palladium supported on the carrier, and then
m xed to formthe catal (5) paIIadlumSOrm be

NAk sPpYfaeddtol be partiritary ﬁﬂ‘ifQﬁh d?or\@?@@mlemi"@eeaiiq@um may be
QGQpéMth%@@tﬁM&rﬁ ordariadifh $ebiel Rafe @kdert iy fn‘?ﬁr@bnat:on or
ﬁ cat aI The t?( | ca% anmount _of lEal I adlw5efﬂ |
niYa ‘U m\)ﬁalO Spar the carsier rbé(riﬁ -S¥Ehan 4l I exampie,
Paldditie té&amhghé cpbheent t|c1)re;erab:?/ 8 01 to 5 weight
ercept, nn t he pa i um i .
!Oncor Eb?%et gge n'ﬁ f‘i?é'%{a‘iea??%‘f’“? srgg%f% %%WQ?% paltadium
PQTIP0820 QEL0 Eohe scunte obpsilatbumd fw dmmyae,t sudiabir Egmpounds
bt || adi . por
4 e plitfios aig, AdifeRTed pHEHTRY, omiSehp Balipyiates
(¢vpr agetatd) oandeming tsamptﬁne@rof\;mﬁadhum Semlarlyetfwr ottithation state
f
BRI 31y o Gl S ATELF pefAld A B
Bt rawiheres frosy rtg i or ra@ycmn!weatmn phsueltpyighation states. To
GeARQE NgheUBE rétf dxhz%tn%ﬁuéi%?e er %Blﬂgtl&mof'zﬁl?m'@kﬁes, the

tabl e corrgoun s incl he nitrates at es

de
Ha|'%né@ FANGOUNG M padyly Br aﬁft@@g)ore-é%qiwy@%ere@ddltmn to the

(;ataghfst acﬂtmﬁﬁtoryadiéia@ﬂb l’iﬁrl“e@rﬂiﬂh@é( ®8n Oﬁoﬂébéra@euﬁ‘?tamed without
mil ar

ST ATk ol 5 SR v 355 e BE pRE. B ttyst may

onddega mtreatmeratwcarwmerraaiftrwrr{ént B ritfo@én,af¢uum, hydrogen,
i nati on of such oxidation states. To achieve the
esired oxidation state or conbi nati on of oxidation
st at eJhetdatalygalseddn tine porqess rud timainvbetidrublsp contains lead. The

%ﬂf&é@nﬂurﬁrcﬁ E&d #Fe%%n@ d ﬁ{e é‘gtg {Qﬁ! & rw'\ee raixggt ac{;ﬁrom about

sfactory cata orma ce can,
S0 et Wﬁ‘tgﬁ‘é Qﬂrceahynrpfeeabfe@mw o, waightphicent Phaferably, the

reg'gﬁ’t%ﬁé 8 Baai léé N th F:rk%téig'{i% %!tsﬁwen@ﬁ %%f H”{Qe;bgowh,;e

reatnen SucC ermal tre
&Gﬁﬁceh‘}fdre@g’eﬁapmp@ma.usedm theandeddy soutgeeith the catelyst is not

RFBEAS %ul@ébté heyrhgBi e ﬁ%i@'é%a@%ﬁr@b%at‘e@a(@ yq Tgﬁeﬁalte)b halides

unt of |l ead present in the catal
198 o diRSe Bipmrdes ER). nrateR antsSwangRuifides. The lead
preEC bt ad@é@ftarﬁ@ ﬁta@mﬁﬁlolt YaRadBirdBboREr S&te, durlng. or after
SR CAapd U5 3Rl i Beta RSt T b e o
tph&a@hm ieantodducead &mrrpmmtde ussilodisah e Lo Gk GRotpbration
| nc udeﬁi %‘%ﬁétéi ?g{'ﬂgs ?%%d&m? %Igfqlgglg,?@)qug§|mqyege supported
ea. He, tileniver me@nabwmmste oo thelesirier oyt inapregpation. Incipient
VMR chiddes Haly 165 be 188416 #orporate the ead.

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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before, during, or after 25 palladiumaddition, it is
preferred to add the | ead pronoter at the sane tine
that palladiumis introduced. Any suitable nmethod can
be used for the incorporation of lead into the

catal yst. As with pal |l adium addition, the |ead may be

§U§b‘1’tﬁi-r tsedfablen compaundanindbds neRledngtal 2 Balidese (819t ishlorides,

ﬁﬁ)'rﬁid@l‘s haa.dégar ediaet] ePanilesi ME @hlfd\é@t ag%elt %@%b&u @Smplex
al so e used to |ncor orate th

SRSy Stche EIRehIosRaNTS SO AiosBINirRalech i daser ATt noble
mhiudaﬁ @e%?ddbd tollflh@ttltémm_l'r_th& \ba\ﬁ%ﬂuuna&doﬁtmﬁlt& f{he &atidr before,
especi err e [ amun
e Shafterbafadors: afdhon « oy Sk %xfsf“%‘?‘ﬁ BB B upR for the
irmmgmf rafior bb golbiotd tzﬂé &Stalyst A9 v pwlltadmﬂﬁ Qeﬂltion the gold may
£ 0.2 wei rcent.
B ERARLY B8 B8 Ao R Pl b a5, o by
§dﬂﬁm§i‘il0{m“W@Glpﬁatrm ysethos (astdes&ribs@ ROUSS 0ROV M. 5,623,090 for
g&gﬁ 15651 critical, suitable compounds
|nclude no nmet al hal i des (e g., chlorides,
br onmi A88T PRlRfliges pptienaldedle metali @@tleadndcwaatMSthwtalyst
Re|doiAsd ”Dé‘,lﬁtacb@é"ﬁlél?dfysﬁQ&ﬁh&? n%iﬁgdﬁﬁh E{)f}ﬁljéltlgﬁ%\w Whshing,

acid optionally treated base

FLBYERRIRYPT aﬂti Hee t”?‘?aﬁr quawtalﬁatbﬁneﬁnszémci gbademperature

bF@téﬁi‘rfalneébdlﬂfBE}Fe priorddnisedn é«?foxﬁfaﬁn@ﬁ PR &@Erﬂﬂlemperature is
bl e met hod can used fofr

t
BIRIB AR o et GG (0 Agorn CODAE o) JHE. Catbivy rpy accitionally
pah"ipademntﬂﬂcﬁb,rt bPihe tifke g6d naPibe BIGEDPOIHEP A3y, tdMped or

t t t h
S R ORI T B e o s
| n U. BftePagtalysbformabias, ’(Ba&O;a‘taﬂyst ng®) e @Qﬂ@l@@lﬂdﬁbrmé{ﬁ} treated in

I bl
’3‘ rfjcor%%'??a%sa%% ol%ﬂ ?rg \ﬁpﬁrlgrq Enyggoé;legt 8’8yge§uf"{’a81 @e like. The
mrmayéneatrsenatanmrmedﬁwpumyudﬂn fabloiit 20i toramd 800°C. it is

the |i
BRTRID o (AETHGIY SRRt BaflBs I el lfpeidt o & Soyasprgqnisining
Qﬁarﬁiaboiﬂnm@%e i fmmt sbage20t tepdSt-dat aman .oplibaaitl yédige the
s e TR P pe——
Efpﬁ‘dél?mﬁri’otﬂ@eﬁqm@e and may be nol ded spray dried,
shapedr{y ep&flidt e&oc@&&o@{ﬁ%ﬂ@% Jrﬂﬁ réo%ta%tg\pﬁfoief in,

in epoxldatlon fter ca
REYOBe 5t Mestkapey in He ﬁmswce mééh%@aiaivsta Sydeblucifias include

Ghi/ oRgRNhaJied btiBasy 8AH EBH IWEHBER BouBIMSS Y, aﬂHrgen%Faliy from 2
like. The treatnment tenperature I's

%EP&%’"‘PS’P PIYR? aB’dee%'YttBe SRfi isgaecydlic a!lserm) of from 2 to 30
pamfoaratedtst the proiceBd by tHe indéntidheis Gakfduysly dkabiteror eBoxldlzmg

B Q60uT. 285 eecees aublehor ﬁr%awsgaé‘irg%a%% "BRdn 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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wsuppeoioemat al yst in the presence of a PCT/US2007/015651

hydr ogen-contai ning gas at a tenperature from about

20 to 600C. The epoxi dation process of the invention

conpri ses contacting an olefin, 25 oxygen, and

hydrogen in the presence of the catalyst. Suitable

olefins include any olefin having at |east one

car borﬁ’é%ﬁ%oﬁ“ﬁ ousireoBRd e 2R rgewescifey the cipoxidation guocess.

C@Jﬂbﬁ@ha&thEeuﬁbgfcﬁ'f ¥n teh@ 18)dpbddh be %Ult&%CHo?ecu%ar oxygen
a ne of fro 2 to 3 arbon atons; the process o

MRlsar Sy f%ge&a?rﬁﬂfﬁ exefy suitable for epoxidizing
C2 CB Epeidaion Md@dingan treindenidr leb%aﬂ':dﬂi)éubﬁt a temperature

POV 1o %B‘e"s s, il s ﬁPOé*da?ef&n?@??{agﬁﬁ} tespgrgfres in
ahe ragde m@mm°momr prﬁ&éfalﬁl@ ne@i100¢CINAtheondlar §aiBBhydrogen

St)\'}g%( o?één'? ?J%Hagfg%oggne& in ﬁ'@r r{gés E-:)]-E (?)’r OCZQEO{;‘){ g M and Is
terpeciafly davdrahlei at t6ded: 4l rryleurae!fau Fratfcoof oxyuesrtviolghin is usually

P3.9RY%! €8¢, OlEF%?Qngﬁ 108 ’fj'? 9084 Oéoiz%q%o be used in the

PCT/ US2007 ygen an F'0Ogén
RPN TPCEPR dpoiial sairien QpSo@eBsdesixbtihoagrg%ngan be used.

SDME ﬁﬁ:‘iaﬁat@%@l@ﬂﬁ@g (J%Yr‘fgr%%nisamgn %'u%ﬁ\ﬂrg gl_éTPJn‘E;%Lﬂfafom to

g l'ecul ar hydrogen are prefe
a&QtEfSBﬁ‘C‘é‘HEgPdh gl t‘l the invention is carried out

at a tAymRyinbiigas cargdd ﬂsﬁab\q%ség saéth L HRitiMe ndss, érﬁad?{ on are

(r) aetfabfé q%p dgg%%oo%?gevbgréq ggrgepydlo&@e 1?@?&;3@}4@@@0:}5 with

r'aBi espicihydr bgerand Qrewyaey aan 1s U@érbksn b&towy, | @ | Rethane,
eci a

t 1:10 t

it neRie. il G puishe. orc g BBl irofeh oy gebireisd Cr-Cy
dp:a@anrbgnngcmqu prdefret ondrt 28rricandsps. efaixalby ot tHe fifled inert
LiatRer s%@rdéheélsgﬁéu@% al so be used in the lo

epoxi dation ﬁroces "the carrier gas, any desired
i nert SResificatly e thes edoxidation obppyieat prafanel @f iethaae can be

055_'1![ li&d arg 88ch & W fha't' SiH%%:g) %&P%Qeo&sa?{]%pgpmﬁnétt%oedégtss of carrier

. espeC|a
<ﬂ?rsr Ff@r exiiotye "@vﬁ@i myjKisreseef Mebylang, prepane émdthangpmydrogen,

aamﬁ o?getnabﬂeew@}ag%:&é@%nh%ﬁé tnroogﬁﬂolﬁgg {r? g{upg %an form in the

t ed drocarbons w t

é&B%‘Bf ar ﬂ/t%fl%%ed 2Rd geBiey- wi th 1-4 carbon at ons,

e.g., Tt bmmtegﬁﬁzgsﬂogt@wmy @addélehﬂﬁﬁgf%% ah ot%ISs%Oof the
u

el P obbd PR R ar it Ffie; s ki lecheroletiethat s

|suppiierd m&!}rmnlt tiame.i eTymieeslgs sOﬂiﬂlefmlt satdigstUBelresent to provide a

SRS ISR bl fol1RoRPRALBkLA0-AL, BLABNI RS, propane

ane y ‘that, in
t he pl%@ﬁ‘é‘@gﬁn dhe aqiﬁfrmtmr b@tm&ﬂs@e&s qithibheéccordsng 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 continucus 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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wgpmEpsoiezexpl osive limts of m xtures of pr OPYﬂ'@ﬂ@szonwmses]
propane (nethane), hydrogen, and oxygen are safely

avoi ded and thus no explosive mxture can formin the

reactor or in the feed and di scharge |lines. The anount

of catalyst used may be determ ned on the basis of the
the titani um contained in the

25 I
eER G of B & dnets TaEnT o Rbisdoants &y sy sapmical tat
usia liguideundsmreaatiby condftibhe, El&tudw Ay Hoti gmgygeﬁ)e Rxygenated

ﬁ@{cﬁ’ Pgﬁ? gsrﬁc%s égoéig%ql ef D gﬁ%?%;agﬁ ?ﬂgn%ﬁ,egromatlc and
tailpli?@twehzqk@darblone epdxmiattoﬁrenacmddlmgam@, tigeid COa (in the

%ﬁt%ﬁt Sﬁrguggntﬁ:%f Eiag% QHE W dled. h%rgpgaé;% gglr\}ev\% Hc!gge water,

q ase Supercritic
Qq’LFFd:(Paa@W o ygedhieth hydrasatvons heuahakal gdsohm!s, ethers, esters,

R{e&f)ﬁé@bbb{d ' tﬂet h?e far mt%r@s 3#&88(‘5' Bk 8"} 8&%@89&% solvents

rocess pertormnme a COﬂ

s'BﬁngBd?\&’ﬁf 8 'P*E?dt%ﬁn%o@f»@fol% aéelmausdnethanoé pdhankit isopropanol,

Imcb&frbb&ién@!ﬂorl mittihes! thetdod, 494 wiHBer ‘?—"Td&rin‘é?éﬁ(gfvcohots can be
subc i s advant ageous to wor

i ca
p‘fsee s & ’z'i”'gﬁbpf?é?’?i’%@ Yys§ midures ofjhertitny algekmiswith water.
PCTI USR@POKidhE6aS is darsrbaeirdthed Nguiar oﬂrsru@e&wnwn&ssubcnucal)

b | ud h
S5 AL 50 LR O 4 iy e oo
Ifhﬁn ?zté‘dal’ttdo forygeriatiied sohyidnoc@ihd angdies uolutRs 8l &aPRYSH in the
Ll
sl O R BN M P o,
(Fyffers @re waillkepwni initeabrtor subcri ti cal st at e) and
vat er .t elsaRll ‘?n %95 YRRhfoh | r\‘?cl!%@ée tsﬁ(t aﬂgtoﬁ gggaduds, the

and oXy enated hydrocarbons suc
dittdies and |IpRYEes i dvhipl in ithe, mse;turm gtmses,h tiredr thefpH of their

Fékﬁﬁt&iri%&@ha?%ﬁ@@ﬁﬁ&@‘ 3R Y6 nﬁi%fer'aﬁryl f‘r'gt‘?\ ‘% W oY 'rr%?ég:irgferabiy

g [ﬁo uch as_ net hanol hano i SOpro
R % uitable sgjis of oXvarigs qoﬁéﬁ"é@ anie andt(@#mn The anion

I-qummm nabed tabcolseltsblﬁﬁﬂ b@n&@délsegmoh& ' f§uct;hh as péwsphate,
abl e to,use res o e cit
fohhBiBienh iR PhGRARR TS, asHiTale, out caonate,
tl:h@arppq@med cgmoxgiaam .91 scatate ;r}fﬁh&léf_;_dhbhgitlf'l% lik@RRxite, borate,
i er e buffer
AR i, S B TSR v o
digtiude on. Cﬂ'fi?@sbuf peeh solast i omnmrsosinp, oyedlkylanﬂmzums (e.g.
rté@@élk:ﬂﬁrﬁn%ﬂlﬁrwsb'Dt)’rlaipzﬁ.lr;é)rQq(g t@@ I?(f ggl}éggl R 0[ %‘%ﬁ%ﬂe earth

et he%s duri ng epoxi dati on s ar
iMEBfFe 05 the |i fiEé‘ﬁquﬁf‘emmUdierf\thlNBummemdm NaoK,uGe Mg, and

Gy ctiohabl eM&ﬁé tﬁreﬁﬁrrélﬂﬁﬁf‘e?@ int8e SAGHT fhe dﬁh?sqr}%e and
%ﬂ?rgu?rruiu' onps10$ A he m xture, are suc

5 WAL P @}ﬁ ﬁttﬁu ﬁ ljff?l’gr{@@y pquﬁﬂag)lyt epntgin a combination of
praeehablopef sutable $ait. O Tgpidany e REBESHIARLY 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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Wwo aBoidogs 7. Suitable salts of oxyaci ds cont ai
anion and cation. The anion 20 portion of the @Gﬁpsmmyowaﬂ
i ncl ude ani ons such as phosphat e,
nonohydr ogenphosphat e, di hydr ogenphosphate, sulfate,
carbonate bi carbonate, carboxylates (e.g., acetate,

pht hal ? [and the like), citrate, borate, hydr oxi de,
silica A ¢ GXpMples erely fustale the invaetierat iTdese skilled in

nbetarmmwlbfrectdmiﬁélh'tan?%nah@@é et é}’@tWrﬁﬂ|§ th&'GBirSf the invention

kyl anmoni ums (e. g.
ac#?( ?fath'ﬁoc ﬁ"isns pyridini urrB and the like),
alkall rretals alkallne earth rretals or the like.

SRl AmARRIGE e R e B elinstd cd BT

met al %ﬂf@yptﬂmdaT§1d(1&mmaﬂmﬁphr29phﬁ?/£smuéftﬂh§er 2.1 wt% Ti,

i TP LBy (60 SRR R2EL) B LS, ming
dPPB @ stiried ttw goifatensat FI imsnf TbenpaboliltheGHOBOE a’\z!thsaed up to
a?bo UbisihgMaod ranu%BéQ' Ak ﬂ]rﬁbﬂﬁérogdgoxh% tt%trsgrg\%me palladium

T e buffer useful in
CRIFIRIFRYS BRI o (0. aﬁﬁanﬁwﬁﬁa“’d.g@iwt@cb te Helitee)alst adsted over a

m—aﬂnutS piAﬁoaQﬁﬁﬁ@m%&bﬁﬁE[cHﬁfgﬁgﬁérQ}ﬁ ztaTB% JThe pH of the

a rel illustrate ven i o
r@“%téﬁf"”ﬁ%”? thaP*e g e rt@é!e@ﬁmz@dﬁﬁm by addmg the 3%
mmlmbyﬂMdew@umrt hAftert gigia8iin b&digbn tthe dl-f“é%ﬁds?éh up to

TR AR BB aad RS Siimigragtaind @O for 60 minutes

wible7mgintainingsthedtH wt .794.s Thiscdufpy ﬁﬁﬁ!terea a]nd“&a&ﬁ@ %hree times
Qf}{i?‘???_dofeéﬁféé%a V\}aferﬁdc}ﬁ? gﬁﬁd%%n‘a@o cfr L slagHum at 50°C until

ter mxi
&g FPasignt xeiguos rtpmarnwe cplldrrﬂd ah8081QIim yaid SoradljHesk,ednd then

Wieatdd witt) 4961 l‘i? ir?’%t‘?&gkiﬁp MR TExd r@oﬁﬁ‘%ﬁagﬁe %‘ataiyst 1.

t raami ne adiumto nltrate agueous s
(C%’FT%%F ab¥e tcrialsat 1 gentaies Otlowl. % paliadiuis 2addete titeeiuna and 44
onigssiliapbhe period through a subsurface injection, wth
agitation. The pH of the slurryls rralntalned at 7.0

d
aumrrlnﬂgut E grggilé?e SO kI!?ﬁtl oh'?aw\t%: ﬁl"i’ﬁ%f Mﬂ” on,
the p&at %‘Yﬁd‘] (fs6 @l ang deionizacbwaier (RBMD) Birel mda:)édr‘@wgd@eck 100

ad ﬁbhﬁa?ﬁ tﬂé;fd’n IaEéta?eE 'sBﬁ‘fttSﬂl (ﬁ 838 %fﬁ(g%ﬁ)g:n ng‘lé mL o? deionized
]walt?r radh grh@qggghf@dtl'(e[ ﬁhugy wqttmgwnr\g, tdmdlfheLreﬁctson mixture was

tebtu mGEBMPQV(Q:s:nE hensobil B8t raﬂdté?l?r% df'bl' ﬁg m@g}/%cugfae solids

{ §8C dnt|I ? onstant weight I's ob
TS Hnsed T ines,with dw%wﬁtert(a@mleeamx land Wried in a

WaCUYM rivsnoEeBE0for £ Reurs tbqofrﬁ rEREREPar %ét%ﬂ)?sp@tc%l'\ya%s 0.08
. 1 0.1
bt SRR S 0

EXAMPLE 3: INSOLUBLE LEAD SALTS
Catalyst 3A is PbTiOs, a product of Alfa Aesar.
Catalyst 3B is PbSQy, a product of Sigma-Aldrich.
Catalyst 3C is PbZrQs, a product of Sigma-Aldrich.
Catalyst 3D is PbNiOa, a product of Sigma-Aldrich.
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WZ2owg/0B9mi | i con. EXAMPLE 2: PREPARATI ON OF Pd-fwbfiSndroises:
CATALYST Catalyst 1 (8.4 g) and dei oni zed wat er
m.) are placed in a 3-neck 100 nL flask. A |ead
acetate solution (0.08 g of Pb(OQAc)2 in 10 nL of
deioni zed water) is then added to the slurry with

5. 82C (lsi nd- % WoLEor P ERPUSHARTE cATALTR S

m nut eSatatlist 48405 PdsPb/SeC 04, lot okt of Sigrad-Alevich. t | nes
wi th ied in a
vacuu(rjn@écggvg}rﬁ%‘gté %@%ﬁ%@%%ﬁ%@gwdfﬁﬂﬁ?éﬁ gfyst 2.

Catalyst 2 contains 0.08 w.%palladium 0.35 wt.

LERD ""”%'—’ég"“*‘?:}?-‘a? RN PP AL S04 s

Aes ar %8 G dnasEs@ECorgingr wdw@t pufcedure of Example 8A)
&M@e‘&rﬁiﬂcﬁ Wateﬁ@(ﬁh%%t ar%cplaéeg b@ra%*n@ckp?gﬁljﬁtﬁ ﬁ%{sk A lead

b Aolpias

‘%ﬁt%ﬁ‘a‘}‘ Gk (O340 Ao PERB0R6N FEr Mk 2 (VeigTEes Water) is then

E}Mﬁ e stﬂPhntSHBF?%TEBdW Péa\é%ﬁnﬁﬁaﬁé 3%3 H’e%té@ 8175-85°C

ol SRPESL SRR S Sl 1 Hinuas Tihe splthavbiteme, rinsed

(FfREP,i?XFR)E'EI @ith @ésmwwaurﬂzﬂzﬁmy%d Beteef‘}\uﬁa @cluum oven at
o | OC, ure e .

5‘5%@ fcﬂg wa o!;” Zg@ﬁg &a‘y%é% %ni%% Egnsteéj ?latggaa gﬁ?gﬂ% palladium,

DR 4 §91d70-38 Wi lead) éad58af£t@6axtzmusnl ution (0.030 g

of Pb(QAc)2 in 15 nL of deionized water) is then

i xt o CNELE S A X D A BN BRfivG WatACT s T8 M
and stirred for 45 m nut EXAMPIESalg ds are filtered,
;hgsgﬁoeg%”a@ tﬂ@?e\“fo‘*rﬂaﬂgé SF {h%a Wsér%itﬁé 5%%%%16‘533 Catalysts

um oven- a
forifh Git G S0, FA, 68 and s, tife epoidition 0. 8Fpyitndusing oxygen and

ik 4] nd 58
P egan R cartea T Mibhndhlledtiald el on
USI NG’%IA?%LVST@ IEMORCONEIRAMPIOES Qﬂ@mpmuc@rmmmand al15L
petdratorpic ehabel %tf@@%ﬂ&@%‘ Mem@ﬁia‘?‘w'oy@[) é) %rr\gt%'! M ammonium

3 A
o’ié éi‘%n%WSBPaG désl 83 ”E%Frﬂt}e@x}fge?ﬁ aﬁd withy dfilytge rammonium
da'drcm@ke olite catmysh oF ladm.ﬁgrersrmﬁcwys@ n{@ o%‘télysl% théf afded to
REGELtoP %%eml %R)Ersyl R eto B % B d S bst (2068 kPa). Run 6A

react or
uses Cataiyst 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 BE 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 BG 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 6! uses a
mixture of Catalyst § (0.1 g) and TS-1 (3.9 g).

A gaseous feed consisting of 46 co/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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WER08/al0026, | S charged wth a mxture of net hawf,6%07/015651

g) and 0.1 M anmoni um di hydrogen phosphate (30 g
neutralized to pH 6 with dilute anmoni um hydrOX| de
The catal yst or adm xtures of catalysts (4.0 g total)
are then added to the reactor, and the slurry is

0 60 30 2068 kPa). Run 6A 25 uses
SRR bRetels B rednbRbehdes aaatepeeaoat hajerminsicscof the
ueastian. mThEueacﬂxfn :s(bdrabysiut%k {@hbu&) b@ﬁ@a%@*&ﬁbné&r The

(résﬁgg%f tf‘n&?()%%aﬁﬁ%g éa?e u&ﬁ rgalgglgge % #’Qgﬁqtg:%%nd se?ectwttlas

Gélownygtthectap&1 g) and Catalyst 1 (3.9 g). Run 6F

uses a mxture of Catalyst 3D (0.1 g) and Catalyst.1
(3.90@2) Run 6G uses a m xture of Catal yst 4A (0.05 Q)
anBOMEARATIYE BEAMBRLE BPREPARATION X Pdr&u/dfO, CATALYSTS

Caz(éﬂ ?G‘dm alifle TAunaNgaT qae&g’s toriSSisaf (0.265
g&%%%ﬁ%r—ﬁf—é—@q Fogebst Soflhm Rifaio 6y g

% gel) @Gﬁﬁow idir@dm Mray@lqro rmaﬂydhtegérﬂszﬂbre added to
cmaﬁm}zedommyd e q) WwktHalS ehithe ?anéé’(ﬁ:ﬂ?(iéﬂ& rbdl&‘ gompounds

nd |nt_|[8duced into the pressure react

'Y ﬁ f?’?ac aserldUa) 1P gad micremaverage Bizeodo rrhég)@nd sodium
marbomaodasi dngre éﬂeﬂ@o&ﬂ@%éﬁﬂcﬁ%@o?ﬂéﬁﬁl&q O?ﬁ@%ﬁﬁ%s then

u ui ase are anal yze

3808 0 g LA Dbl BRESE Sd TR vtz
d@tesr W timesf tollowed nmmcmdmnn inar HE2Z0NC, : Wﬁ? @élcm'BE%ollds are
f e Le use o ca ate tnhe .
(5B DS 2B WAER B U5 B L GUAALS) 05 oo
shesodos &EEWHEW inPREﬁWARA'IﬂJmo@:dewﬁlﬂhg 1£8210°C/min 1o

t@g;ﬁf&gzﬁrgpo%@é%ﬁg%%bﬁtbdzggoﬁl‘@o gin S&eaﬁ%}nned solids
S6¢i e skansigrest rtach’ﬂ oﬂldﬁrp'r'al tubgatand( Otreétéd gwithr ea 4 vol.%

aﬁd&@ehmtr@@érp Qtré&ﬂ (“f‘@é ec'b/hq')zét ‘%)0“@ ol 3I$'tt ' B&aﬁv% g)§£alyst TA

pr %%dl um an di ss
ﬂ g% F?ﬁ"@f"&‘rﬁ” :R/@? &@@’0 gpigland3gp WEP/g)itBaMnsodl um
bi car bonate (0.25 g) are added to the palladiumgold

sol utb% [r |; then reacted for 24 h at 23C
filt er‘e@ﬁm—e% AMeRHS Fediump tefradirniaurate (0.265 g,
ggt?e%rwt ?]ﬁogwidlhasd sgﬁxﬂ Bvlswgmnbzet:@@h@r@ éb!laﬂ:ﬁaté o 2?5 Hlare added to
n ..OS ar shed

e|Q)o§;l}ﬁe-zge‘g{af\/\\egt(fez\r5 Yw%) SHAIGE | E‘QF” pﬁ PR ‘BU@OW%ER@ qompounds
Efﬁﬁp Rl GPraje drigg anminsel O (a0ch, C38 chioeth bleri é ésiﬁe a40 m?/
&aﬁcfde@ far Ren @ 0C

ﬁl %Cf Dot hgg?ﬁ])b )éé't%e %ﬂ {"C"}'%gﬁnéef éb%ﬁ r9]3 ?FF‘e %haded 1o the

WBlpakd pphonartie ﬁiérrytla thest reaced foo 4ah quaotcz mueb@j and
TR R
o 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 cchhr) at 100°C

for 1 h, and then purged with nitrogen for 1 h. Comparative Catalyst 7B contains
0.95 wt.% palladiurn, 0.6 wt.% gold and 58 wt.% titanium,

11
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w@m@mmszﬁO 9 wt.%palladium 0.55 wt.%gold a
.%titanium 20 Conparative Catal yst 7B Aqug%ﬁ‘?smm’m%ﬂ

SOdI umtetrachloro aurate (0.265 g, 20.74 wt. % gold)
and solid disodiumtetrachloro palladate (0.275 g) are
added to deionized vvater (25 g) with stirring. After

the p unds di ssol ve, spray

e ERAMELE $1§|3%§4 CREOR, - 0P/ IR BATAE¥STA0

ne/ g, Qtabal meAqaéoJé)@@Imﬁﬂ%t%ﬂ!dﬁm&Jr&@ gP : ?n 20.74 wt.%
uti

| adi I d
(80 o318 AR bk 5705 SR B dtanzed
awater {Ae gowitd sstianirey. warsftee dhwi pdiadiehoang ngiMﬂioﬂfpd)%Qs dissolve,

L e TN G S w———
af0-8cpheie a@féﬁdmntbef Raltadium/gdldesabatiani toeglves alpwlsf 8/3¢ The pH is
A a0 o okt F el befB g2
CRflir t1e sl Endrenr eacied i tdhh L4076, fitered, and the solids are
hwﬂﬂ%leﬂﬁtﬁl éél@ﬁiﬁ@d %ét%ﬁ'(@sé ﬁgofo?(;w@q)t}f&%%lﬂ%:on kP \%a é'lm Y muffle

ed w nitro
@f g%fﬂéﬂﬁscmongg MR’ Gofprb Imand memaszm/rr% to 300°C

td i df 58 catcitéd kb
gg;(é&s%g07églgé51 bé%ﬁl\/g{_@g%a %%éﬁ%%‘ﬁg?@led water (30 g, six
P 953

ST CAPAYRBHNELVED A (508G, au\adwéermtmmquartz tube

tand Heihtledrwm'a!r'awel ‘?@h)l&ﬁSQ@fniﬁQggﬁts%?%@ &75 wm%@ 100°C for 1
or,0 adat e g) are
djngt%ﬁ ﬁnﬂg%q 2%‘ g) with stirring. After

t he p?r H%Bﬁtﬁﬁ/?ﬁﬁb spoidd (4. ﬁfm;)meimm gs@ile\zsem d@loﬁlﬁi@h@g&er (30 g),
H 1 l.ze I um
R 2ot e [ (IR B8RS 1855 1) es BitbuRf Ay 481 groms of
Bienizesh W%B@Is\/@d‘ée‘%I@P dfie 8luBry. Thiee pebuling aﬁhjrltySE%i:niaQ at 75 to

Ej;%?%gﬁjgﬂh Sﬂgt%iédt Wgsﬁ Wut@r@es&ﬁ%&? \Ja(éer’s&g?' ﬁnioéjééifrﬁ) and

42 Jf2cye Oﬁfﬁﬂt%fr%" &1d24hk. saatmta&m contair®ed.95 wt.%

widladidei, @b neds Wl ant 4 Giy, 1644 | owed by cal ci nation
inair inanmffle 1o furnace by heating at 10C/nmin to

110C for 6 h and then at 2C/ mn to 300C for 4 h. The
gyt oSGt S0 @98 2074
é?%%)qaﬂds é’%(“rdalr’iﬂss Uh&et[aé:hg)ra @gﬂ:ﬁatgdg@.’zsaggoprpr%@pgdo deionized
Water 629 gbwith ﬁydm@g eXftemithe Q@Gﬂdlﬁqﬁ Qﬁ?ngbkpgoﬁl%bﬁash alssolve,

Wi nitr
%%9 a8, Sne R (0P 15 985S Slroe kb AT e golcined at
sfe%d%q K ti’(eggal@dium/gnw fphstairuthHnwetf b &l addition of lead
efapd

ae €0 (ZQ 8)3 %@%HW@%&%S‘%@? I;% %d?i %y]tﬁe%jogﬁfo&m Bolighysodium

g)ecl oni ze w% I s add
f Ej‘,ﬂ?‘g}" g (41/5,9 auiiedy s 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 muffie 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 ireated with a 4 vol.%
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wobtOod/oroAS mion, filtered, washed with deioni zggwad

(20 g, four ti mes) and dried in a vacuum oven at 22%7@15651
for 2.4 h. Catalyst 8A contains 0.95 w.% 20

pal l adium 0.5 wt.%gold, and 0.4 wm % | ead. Catal yst

813: Aqueous sodiumtetrachloro aurate (0.795 g, 20.74
%\%d% and solid disodiumtetrachl oro pall adate

%’2?” 't" age” stgee {1000e/bRi 2tetP0 alar 1 @12@666)13/% §th contains

9195 wi.pypaidien, blas vkl i, WRdeng2 gaddieg@npounds
di ssol ve, 25 spray dr| ed anatase Ti O2 (30 g, 35 micron

aver age si ze, calcined at 700C) is added to
The. BRI e FROKIBATUONIREACSIONIING CATALYETE FERM

of lead acetate (0.22 gﬁmfmg_ggj—lglss adjusted to 7. 02
by th%_ addi tion of solid sodium bicarbonate (4.75

requi n@dfYalyrie Yewerpimencae ¢Cempeiive cﬁafﬂfYﬁiSaTAm@ 7B and
bdt&!?ét@CBA anado hﬁeféﬂdxﬂﬁtzéﬁ %f%%ﬂéhé’%&lhg% 8h 204 he/drogen

I 1 owe cal inatio

qarr ‘T" 089 nﬂ%%@%“d?%é‘@@%?’%%&ﬂ%% 10C/min to
110c fAB06 do mdles§ lBesel abaddey amdnatgbcemccétarysﬂ(mor Eb‘@nd TS

e i are, then ni zed wate
PREe] 058 o e B %  REnaCBRER® (15 o 8CE N BGepusy agtspontum
@Wﬁm@}ht PHam@ tarahsfemamd (1@ g) qUhe readtoiie tAed charged to 300

BRSERBR M Rl e dePkoiishin A2 EAVAIEREY *usongoos propyiene

Ec7%r nedhan @odt be b;aiﬁnce:atttaﬁg@ (%UmenVQJ n¥heOpr@Ssure in the

|
S e AR g
LB35E5 grapgedy apufieusiye tyergr thenceactdr at 1600 cc/min
%Qu:@tdl ¥e ﬁataériﬁsbﬁe?ﬁnﬁi%%hg% ek s allﬁ/ %rﬁe:s’ﬁ) Hntain a

he epoxi dation of propylene usin gen an
ﬁg?a%taa&ﬁo! AL level in de &ﬁctorrﬁérmg)rtmbwmgthprcwgam e!tﬂogen and

feetis3H} s
@i’ﬂiﬂéﬂ%’f? ; Fs%? p%@ségrgld? _lé_ St\_ﬁilibﬁfic‘ér §t§|?1fés9rs éé’l v%gééiqgﬁurator)
&pn lnﬁ'@ % phme oé prgceding ggﬁ,gqﬁggora or is stirred at
pBOS phat. e Thp Heactfh, mmarenetﬁb'yf@k td $0€C Ghd tﬂ@%farsﬁaﬁé @ffluent is

eBRbE f% BP0t 3 Aygphiodhernt e fadh arpbismnaine o at

@%Wﬁe@ﬂﬁﬁme'i&ﬂmbut imar baﬂ’rapplenel dxidrg @nd (ecpjnmt%(‘ POBY, which

?{2068 E&%ﬂe'{é} %xnd%eeﬁb‘){ éJ @g’ E? g’% %S?OIEG L&l@'\e glycol

ibets (fAdsk@re M@ﬁilﬂmgvmg l‘l‘reamﬁmtlbhemr addition t@tpropane
ﬂcﬁ%cﬁﬁ{v 1Y hy&r’?ﬁ@@ﬁé‘ﬁcﬁgoﬁ% oﬁ?leﬁea%eofé% gf so?s\r/ - analyses are

F‘ ésurel) I'h ofder to cons

fo palcpisie theprpeuctityiang seirstivitiss shpen ixthgefiable 2.
nitrogen and propyl ene feeds are passed through a
two-liter stainless steel vessel (saturator),
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b0l vcol.s)

* 100
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5 prgﬁrg\ne/ n

ol egqui

+PWK3@§8EFMEFI eples POAMles BO Pmathsptdpviertieygiyscigrans POE

gi;rrgdm(ﬁégptam o100cainaley ptoppemdiBUiOE ©SmilesGoogas)atiod.e
fiytety FABINES POE #pduckdakinohcaRésstiter Bouk.r om Exanpl e 9

| Gorgrarailvg ExanR® POE Pr opyl ene Productivity Selectivity

Selectivity %2 7A* 85 47 0.91 8A 82 70 0.93

TABLE 2: Epoxidation Results from Example @

Catalyst PO/PQE Propylene Productivity °
Seiectw;ty Selectsvsty
(%) (%)°
TA* 85 47 0.9
8A 82 70 0.93
mB* 88 B4 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,
Productivity = grams POE produced/gram of catalyst per hour.

* Comparative Example
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Wb 2008889264 0.57 86 89 74 0.62 1 PO PCE Sel ect s
mol es PO (ol es PO + nol es propyl ene gl ycol s) ”5/8%296’5035651
Propyl ene Selectivity = 100 - (noles propane/ m)l es PCE
+ nol es propane) * 100. 3 Productivity = grans POE
produced/ gram of catal yst per hour. * Conparative
Exanpl e 14 WD 2008/ 010926 PCT/ US2007/015651 We cl aim
Weﬁaﬁﬁ'bcess for produci ng an epoxi de conpri si ng

reacthng am wbeédssor grygh@ ! S?égﬁx@éy&ﬁﬂphﬁng% P&acting an olefin,

5 ﬁsence 0 a cat al yst conp tirtanium o
ARG I% AXvEen ’Bamea@r%ﬁﬁncan Pegifalyst zompising titanium or

paoagios olid, panadiuM)ehgilgad he ti tanl um or vanadi um
zeol:‘r?els titanium.silicalit . The process of

cl ai nf1 whEPRPROTERE cz!afé%imtwiwege*empwéan@rweﬂmm zeolite is
ﬂt@hmsmﬂ:ﬁiztml ght percent pal I 'adi um and from O 001 to

2 weig 4 The process of cla

wher e| n t ﬁgﬁ%ﬁ)EﬁS?er§ 5 gar 1(%“'%@5} ﬁ\‘? catﬂystsls qfi‘f"@p”sed of from
Priclest) weigbt mement phltadiim dnkidrarh €001 to2 weRpPy beRent Rad.

The PRoces syl oolaliohensl LSHE SAGH 98 &Sc, enn

performed i pr ésénce o
t he gPoup J@%W@ﬂew obélaimh d ottwrein the bafim, is pecxiyeasrﬁa

ket ongs, watgy i r ere

The rgocess of prcdcglg%ln ﬁ %E‘g)&bgt% C{i(?] ﬁ,%q?rgbeg in the
Baqae&aﬁ%a SelvVERt sp@@aecg trs\pbmeesrqm c¢re531$tlrlganf atoobols, ethers,
emaalk@m&owat@ liuid T, I%@Qﬁ%rég 1h%t‘@6fm 7 wherein

the cat al npri ses L um ead, and an

addi t fonal S’olf’ré’cﬁ%? of c%!ﬁpbi’"!“@fﬁ“@) the Fatalyst sampnises palladium
aaamédjmppbetebldrethe&naﬂ' b @rﬁﬁﬁ\%%ﬁmﬁ)&e@lltél m 8 wherein

t he ngbl e rﬁt %ﬁ* " process of claim]
wherern the Ea?’Psa? 8ﬁH"I e‘ﬁﬁergfrbt estRiBlFt emptises palladium,
teady iand. ad ladditiengireatds smefal Gupportdd osh e titarlili® or vanadium
césiber -is selected fromthe group consisting of

carbons, titanias, zirconias, niobias, silicas,

al umi Ras, die pracesd ahdlaias 8 whentialthemobledestal is gold.

ol ybqj@numﬁ)gél Qﬁﬁ:es&ugg A “]X}.ﬂ%&;m tht agﬂ@gﬁ%ggng lead are

25 zirconi a-silI cas, I obl a-si[1c¢as
PURAIHC oma captigsy ocess for producing propyl ene oxi de

CONPri$i NOTHEPFSAIIE 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, nlobia-silicas, and mixtures thereof.

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

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

14.  The process of ciaim 12 wherein the supported catalyst is

comprised of from 0.01 to 10 weight percent paliadium and from 0.001 to 2
weight percent lead.
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wormpg/deeas, hydrogen and oxygen in the presencep®@fu&osr/015651
titanium or vanadium zeolite and a supported catal yst

conprising palladium lead, and a carrier. 13. The
process of claim 12 wherein the titanium or vanadi um
zeolite 30 is a titaniumsilicalite. 14 The process
of claim wherei n the supported, cat al i S
conpr 1ed OIS PIRARSE. SO 16 HRETGH TsorEaRt I apleise ffom the
andip ;ddﬁms(ﬁn ok (iaﬁb(ﬂws w}mrgm Areo6ias] m?ﬁm s;ls&aé{\@}ummas, silica-
008 01Q0926. PCT/ US2007 651 15. The proces
GRS J2 ORI CRideRe PHAVHGRERM oXdes ol Dalien Sifqsmdtania-silcas,

grauga-siioss, stiobig-siifcas pamd mixtueistthereas, zi r coni as,

ni obi i) I S '

oxi deﬁé ﬁ@%gﬁc&%gooi%dd?% 1 hégﬁﬁw@&&%}o@%ﬁ cétgi%taéo%nses
péltcgditing, et aaszddmmnabmhtamtah and A qarddri. a- si | i cas,

%d m Xt Ur-psge hr&reggfcf chi rf1616 Jﬁ@emgmn&&e@h% gblaZ
erein the s ed ca st Cco i SEs

| ead, 1&n addet wr@ﬁa$s ﬁbslaémﬂ@ﬂahereahﬂmra?@ﬁ@n s peﬁcrrmed in the
Eﬂ‘&eﬂ&@f‘cﬁsé s@fve@ﬁ aielBcldy Wa&r ﬁien%FJL% E&tﬂélﬁlnﬁebﬁblc}bﬁols ethers,

gol d. rocess of claim wherei n the reaction

§teb'5e|k138?"'tﬁ§dw|a iy frawid GG @Rd aniiurgs $wrerint sel ect ed

fromtde gTieepressi &t ¢igign a8 vahereimolhe, reabhdt & peff@med in the
esters eto water, liquid CO2, and m xtures

'heeSPeS? rﬂ%ﬁe process of claim 18 wherein the

reaction |s performed in the presence of a buffer. 16
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