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D260 9ekygen and hydrogen. In this process, pé&T/AS2007/015651
bel i eved that oxygen and hydrogen react in situ to

form an oxidi zing agent. Many different catalysts have
been proposed for use in the direct epoxidation of

hi gher olefins. Typically, the catalyst conprises a

noble netal that is supported on a titanosilicate. For
exanpl e, JP 4-352771 discloses the formation of

Pr opy bRec e sex B M PRIGEEESN N Y:ﬁ@ﬁo@’t%ﬁﬁmwm

hydrogen using a catal ystcgpbaim a Gou
metal 1 WO 2005/ 010926 PCT/ US2007/ 15651 such as

pal I adi um on a cryst The G oup

VIIlT nmetal is beli e@eg&wégﬁ%mébhg react| on of

oxygent kindnveptico gelaten td annepoxidedion qeocese tombesing Teacting an

0

dlltszfg'rlw o}égﬁ‘oéb ?l"?t? cﬂ{yge“ iR tIEearPrgs%]cgt bﬁﬁn@g%ﬁt The catalyst

SEIRRASES d HiaMmIURD | or Ranagidm @litd, paiadiuft, ,anlds’.eadil.p Burdristhgly, the
Bess i her dir

e LS L DRy SRERRI IS Bhdtsi e bYSon Bl Plibg bv the

dﬁ“{; ?Q%{T?é'§nqué%&f&00@8@raddp semamaéalvsrrsysmms thigtio. ndd@ontain

98490413. One di sadvant age of the described direct

epoxi dation catalysts is. that ey are prone to

produce non- sel ebﬁ%'ﬁ?%%&?ﬁf@@b’é’ﬁ%ﬁoﬁ ycol s or

gl ycolMaty ditidrens rf;etl‘rfaé foy trfeepréd?a?m?r&fgsgeiméé‘%ave been

S S g B LT e e S i ar

d&@ﬁ}ﬁhb@e&f mﬁhee;rr&smbcm‘ ofna ﬁarawsdam lﬁarcﬁmﬁﬁ—‘l@ﬁ ;bf ipfopylene oxide

d e Yokghit he react |

V*’m’ﬁ 8““’? i i og8hice PSpleBRretoR s SHoRw @dent, such s
bemef i Iacﬁ!‘omramd@m @&e ctbmlmtyi | &yarﬂw@@@e byist t@@mmermally

E}ﬂﬂbﬁde@ﬂe@ﬁn&o tf’ﬂi@»ij{}ozg@égp QYL P?ngtg irgt qaigrgggzli{%e s solubilized

ydTOXI eto e reacti on m

ghalgodeyym t%?fés sepa).Bs Eabf Noaaﬁﬁmﬁﬁm ok (Elamditertagj@eous titania
redsific EatalyRt, hRoP ene

g¥ ii Fea ta V3 C%%‘"er @@ q:’ét ﬁlo %Q%g?dfo Sf\{?étg% é—c'ﬁg% Placticed
'ﬁ?‘l:g §‘E1‘th @Ippomdeggne@,f @W@neaﬁosemybnn&odmﬁ& diysreaction

suthh gaﬁgetrf bpéﬁr&gédlﬁrgfsdgﬁémﬁ Opgﬁg%%tt@g %egﬁlei&l cataiyst has not

REIFESferl{ 5 Batheica Roongaivnbl wber siefiasn sti11

furt h@e&dasmwgeﬂmt?alkﬁ Hyldieo @mﬁéfétéiﬂ{ﬁhé%ﬁﬁg%gaéﬁém useful
i scov effective

18 Do aralbn o EBoRRE & Ridihonh Brranis. b Sufat Yos. 4835,260,

i4 859,85, aﬂd #1888 7eidX ifdaekamplef didlckRisenthe ePoxRIMNYARY o Ffins with

FV@&Q‘W%&% 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
exampie, JP 4-352771 discloses the formation of propylene oxide from
propylene, oxygen, and hydrogen using a catalyst containing a Group VIiII metal



10

15

20

25

30

WIhe0s/fapeast i on.i s an ol efi n epoxi dati on processediiBs2007/015651
conprises reacting olefin, oxygen, and hydrogen in
the presence of a catal yst conprising a titanium or
vanadi um zeol ite, palladium and |ead. This process
surprisingly gives significantly reduced alkane
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ZSM 12 4% ap olefi nsgpoxrdatlon process that comprtses 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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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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Wo mos/and2grost  preferably from about 10 to aboupcyd88 M visess
The average pore dianeter is typically in the range

of about 10 to about 1000 A, preferably about 20 20
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e m?h ea”‘%)éﬁ?’édf"ﬁﬁs i 6G@mu%9r yanggiuny zgplite to form the
pataiyaj ($) padadiedu cmaiy afd eicoapstatddintbOtH & ff‘tarﬁu%ahb/ Shnadium

f a erformance can, howeve
gt@ﬂgiléngegatd%%ﬁo?{ dI Xn tife %arrfer and ?hen mixed fo form the catalyst; (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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pal I adium the catalyst may 15 undergo pr et r eat nent
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eatawsgstsmyacad@l ¢ataawb |;3érl“e®rﬂilﬂhb§ @20 hewelahlbe B®diAdS without
ncl udi n si | ver

ol d, I rhodi um_ Gol d
LS BRI TP R S b0 i oh st may
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pre erably 0.01 to 2 weight percent. Wile the choice
of ndbecatdys usedripdue grereed cishd Ineentidyl elsoatomttains jead. The

ROt Pl 8 1ERL BRI P baralo RUHO T BiERGe of from abous
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on the titanium or vanadium zeolite or the carrier by impregnation. Incipient
wetness techniques may also be used to incorporate the lead.

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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i ncorporation, the catalyst 1is isolated. Suitable
catal yst isolation nmethods include filtration and
washi ng, rotary evaporation and the |like. The
catalyst is typically dried at a tenperature greater
t han about 50C prior to use in epoxidation. The drying

Faligsy Huilplle; §0Wéiﬁamcy-lc$er d1abih onetE olalidesa{ew, chlorides,
SQQﬁldeEhﬁzcﬁ@é@ b§’ﬁe§a)éy§q§é§ | W'Shh‘“dé§ QQ'Wéll 28 ﬁ\ore complex

bi nder or the 1ike and may dri ed

gRafes syeh ae“x%ertﬁ?&amwf aﬁgi Qpé@ma@a irﬁ@%ﬂ pith drasgo The noble
retaipaxl d)@tadljbd #Bf thertitaaitm drs\tarfaatmtzb@me drhs tﬁék@&rﬂé? before,

ga be og%t t her IIytreate é}]
togeanBhed Paladubasadion | Alvegufbie, BesBad Sanrbs gped for the
trtwrﬂorbﬁon oheoldt fBE:ftmal cdtalyet. bme@mmqmeam BEdIti®nN, the gold may
about .20. to a 800C. It is 2 .
BRLEAbl LRAAL3BaNE Ak S haMt, BO0Gn\beihSs fhghiaues, or by
pr@@&&?@i@remreamltawg enetbotit{as miengibeghi LS .aPate e 628,890 for

HERIBARPMINGEY0 to 650C, and optionally reduce the

Support cata% in the presence of a
hydr o§&Rr ealadumi aptieral nebleametatpanditeaddncérporatmbotite catalyst

?&Olsb%tﬁ@océuaimﬁe %@%yéi%bi@porprn%ﬁgﬁs chlddbe ﬁl‘tr%‘t'lgﬂtdnglnwashmg,

ri ses contactin

Fﬁ’}a of¥RParatian é"’ﬁrﬂ& dkee Toe W@WE%'?&IW‘@F“Y gfied abpdemperature

greftenthanngdidso anpricH 18fuise zh@ﬁo&@aﬂbn' eﬁﬁstdr@ temperature is
car bon%?r bon .doubl e _bond, and from 60

BEF BTG BST S G SoR0t dOBrEn Thensriabptimey addfionall
abkepriee od Hineen 3r tiee ke &ad hAsy HeOMoIddd)Csiap CESSY, Bhaped or

| bl e f di
E3eaft PR pRY dofpEfaritr e les b EotSat ey be
pr esenfier astalyst forthatine, tbag calysticenebé @tbtlemlmhﬁrma? Wareated in
rhon contain on
1S Shehe RV LR ARl PistosBlneRidhrapin pEfisdke. The
el madiﬁrehta‘hedbtenmrbbxyhs tydi@wycf_mﬂ‘u abeiubeo, tocﬁdwlmb" C. itis
Fﬁé’f@ﬂed @5 tl{]érHa‘ﬁ Y2 ke cg{ally)?;] ﬁe§%?cecg{1%|£ I%?y%ed'a—contammg

ention?s especla
s1z2-Yoz 'l én@mnﬁfpwpyfr@'neamtdﬁw Govm}ﬁ@m%l&il%ﬁﬁnaily reduce the

SEBLPEARLP I B3y OO A UL USRS g emoraur
a0t aleeuidi0 9886. and hydrogen are suitable, nolecul ar
Oxyge”rheﬁ@ﬁ’oﬂ@ét%?\uﬁr%'begy gt ﬁ&;e Hvé?“tﬁ)npéo“?'r'ugrraée% Sqntagfing gn olefin,

Epoxi dati on accord I nNg nvention 1s
LY @ffenutragen msﬂaer PEQ?[BHO@ of thaachialyst. tSwtau@smem include

@h?foieﬂmetﬁ@)ﬁhgi at ie28¢ oRE %faﬁfcﬁbééfbéﬁ dbﬁﬁ%%%idj%aﬁﬁ %%ﬁerélig}efrom 2

e_of r ef erabl vy,
foagﬁcpa&l?orhgg}rgﬁerﬁ}gfera ly the oleﬁn is an acyclic alkene of from 2 to 30

carbon atoms; the process of the invention is particularly suitable for epoxidizing
C2-Ce 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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wioneosygers can usual ly be varied in the range qiml-gszg(%msﬁﬂ

= 1:10 to 5:1 and is especially favorable at 1:5 t

2:1. The nolar ratio of oxygen to olefinis usually

2:1to 1: 20, and preferably 1:1 to 1:10. A carrier gas

may al so be used in the 1o epoxidation process. As the
carrie any desired inert gas can be used. The

nol ar ‘5’5‘:?996‘ ghdohwdrpgen @re 2'9¢ dpadied ifer the epoxigatioy process.

Im%tﬁd&@hr@tﬁweo@fceéQﬁ dxyben al.dh@yd%éereépe?%uﬁé&& %Bfé’cuta‘? oxygen
ijnert gas carrier, noble gases such

h%?qomﬁﬁsci'fj%%ydé‘?ﬂ? "&d:ﬁe ®d- suitable in addition to

ni t r ogipoxidatiopantesrdidigon te. mséhwrﬁ'i&@améil egﬁbb%nﬁem erature

Ul SR SRS ot oo coBRERBDS Pl mbersres i

mhbuaage of @p@asmns onarei ;tratdr@b!y,NE?-l’i ogerﬂ, i matanrraﬁcedf hydrogen
| rriler

- oelly o0 RRLARY ben e i, Bief Filde™0r 1Ba = T90LE g and s

wa@@Ylfé‘edab@p@cT :Bitod:1.y The mbler (mi])(oﬂexym tofolefin is usually

I h c
Fs)%g% 18§, arﬂ{épé’fgaea 4 %ge%r 12'2@ ncgrl:agﬁer ZI %‘%&p% #tggg used in the
t*@f‘ REEEser Agyihwe camier aepl asyv:@sirem insriafas can be used.

nTP(é W Sr %ft:opéfo&léhﬁ Q@ capﬁé?g_?%eis(t ﬁhﬁﬂghy 1m¥(§ﬂe|r Paglag of 100:1 to

gen are safely avoi hus no e
rﬁ Q?G‘Pé ﬁC‘PHYﬁPﬂntothéo reactor or in the feed and

di schasged lhBﬂFQasﬁé@rJ@TﬁHﬂb gﬁ%e@ @Lé‘t‘\ lé§ thels@d nggﬁ{ é?fc‘i argon are

lar rafi

d d
R Mrsilion auPeae reH crPaR SR oBrtsats hydocarons with
o1-8f iaspebatly | £6, xupplprez@raﬂw wWith t1-&i @bof{ymoﬁ?d | &g., methane,

e FPbe i e shS it el B8 ane siurated C1-c

OnebeErbonPate titepesfdirag inert theicolgabes. tmixhees @AthEisted inert
té%ﬁr: %hcgi%(ﬁggqs%ng to the 1invention can be
In

carri e ui d phase, the gas phase, or in
t he ﬁp@lf&éﬁt i the apomatm olVrepyienk qmpﬁneezacrﬁleﬁ?ne can be
r‘@@,lp | r r n the for

R epens: onr Ty Bipdehes ) Bl 834 ph ey ione o barver

ﬁ%?rsf Bieneerioly e mits ob mikitrsuef n’rbrowens emophoe (:fhethanlahmbmgen |
Wo@géﬁpﬁfeaizé@@ a&étd@@%ﬂqgl&é ™3 %x;prﬁﬁ{lé 'n‘ﬁgtu?é'tcah Torm in the

r SU ercritical or su I'tical

rfza?tgr gﬂ@atﬂfggﬁ%%ﬁ d@isahsree linesa pressure of 1-100 bars

and |7 rteharnolm‘v\@fZM8W921@8&ﬁ nﬁé}T bb’%?ttggﬁﬁlééggﬁ Vtgﬁtbams of the
i nc’??d%t an R g?ﬁ“&%?m({oﬁéﬁs"?eqvg‘ Q‘q figoiur #ralie tedhetdlefin that is
cowalied qres, urlihctlrnﬂjl Mhypidaily, Bofficlent datslyétois PrLBRDM FHovide a
titanium/olefin per 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 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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weaynwgeaphons such as al cohols, ethers, esters,p@ffsigor/013651
ket ones, aromatic and aliphatic hydrocarbons such as

tol uene and hexane, liquid CO2 (in the 5 supercritical
or subcritical state), and water. Preferable solvents
i nclude water, liquid C02, and oxygenated

Ea/drocarb ns such as hols, ethers, ester
T
e

SREE Lo i dmp R e miSHigPlecs B A1 U Brichemical th
dzyaydinaidedndan reation dondltaudg InelingR| Bur hradti ipnifel fot oxygenated

%efo‘?ggé Poﬁé’ C&JC%S ageéi te ha,g]%lst :5?73 gag? g&gr?c!zs, ar%matlc and

anol’~or m x
Rilipbatia ahidrosadons| sUdana$dokmnuS@dtd lHexase, liquid COg (in the

dér&ﬂ!c%f by ﬁﬂﬁ@rﬁtﬁ:’éﬁgéal‘?ef) gnHS(r? c}g} XbVéf%?abg%rchrga& 'U?'“Pﬁ water,

al coh ati on
tligerig |Qfaz.da(r@r0>wsea©m hydrabampnsm 86 calcyholphathers, esters,

'i@etbﬁe@dé(@@ttﬁge% &0 nH§lﬁrt?s %r@g IE?OJ?%}E f&@g%i\tﬁ:d solvents

be added e solven a

[y
§\8/E‘|H(F:’g dﬁwe"rﬁép*ﬂﬂrfq @rf Cscﬁ"éﬂh%?l spigh @m@v@-oi rethéweol, isopropanol,
rev ey térpButapol, ey ﬁinlturb@ethfe%ro?'aéh@'ﬂva‘iér 9l gt a%b%&@lcan be
ether tdu”rP%U $om atl?% Buffers are we nown
pht irerlieyipehe peterable o lfsﬁ" theswam fitad alpehalzwith water.
any suf E@bkﬁaﬁahwtqls cﬁfnw?ﬁmrd&ae tih&d (f&ﬁ\tsldjb%r@&i@al or s%bcrztical)
r ich.in the e such
AR 2Bl 1 D A 5 e gp i o e
ﬁh@f%ﬂwﬁlﬁoffloalm 4 tudfed sahdiondr The refffer allutionf :Fsoéfhﬁlotj@d in the
nta

FeaBtod ROURBRIAS Y 055800 AR Oy i gcation
SFifhsns %@W"é@om\dsﬁmae monohydr ogenphosphat e,

di hy drengRiRRRSREY $his Wefnﬁ&ﬁ sncﬁﬁ@?ﬂ?‘é&tabl% %ﬁ%%? zad:ds, the

carboxylates (e.g., acet
d1atyig and gpypgerdions fgfdyiay;zh d@ thgm:pctme,eare such that the pH of their

aloitioresinkbly Gahge fRIm 3@ kb kﬁrefe-l;gﬁw%r‘noﬁ ttﬂ’%r 5111(? Mk preferably

the cl ude cations such as

aﬂ%l {ﬂ—,{,ﬂ%ﬁﬂgbg‘esﬂw o ﬁYﬁgpﬁé&n@m AR .aﬁg catron The anion
martich ni afs, thend stahﬁ h}alﬁﬁ) m%}(&f@' : aﬁBh@' lss%léﬂ Klaéé N&hosphate,
ﬁ@&ﬁ&yﬁé&k@ospk@{ ﬁ @gsdwega %gp er-].g atj ,sglﬁgte. Nor €arbonate,
ﬁr@fréfm@f@. baftiosygtéen. gldecaﬁakealfplfhtmbw aﬁhQﬁfélmaé)e cAiatk, borate,
HYARSU uf f er ef er

cont al}é}gnaﬁ!:%?%%'t%"@% |E$tre %E‘g G an Qﬁ’}éat Q%{B@%oﬁ@ﬁsait may
pvdeal | ycatione comeent r atsi on animonififrer |a|ky:bmm@+:umst (e.g.,

QQtriazﬂk ié%@rﬁgr%% &ryﬁ%ﬂ%&é thb@gRé' k%e,‘, lk% ?r%egt% %lfeupe earth

about
me%}ﬁ Orithg dkei &%ame%m@dieriﬁiﬂud\ésméﬁmmm i N, I@.sz, Mg, and
@aoaitonsgasMore t HfRAC RS VinkSaL S14P A0S/ 819936 and

P 07

%%g% Aos&wa?e 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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wihsogoidoggM ng exanpl es nmerely illustrate the
i nvention. Those skilled in the art w || recog%?E/U52007/015651

many variations that are within the spirit of the
i nvention and scope of the clainms. s COVPARATI VE
EXAI\/PLE 1 PREPARATI ON OF Pd/ TS-1 CATALYST Spray
dr| ed {&&1 778 ounds 20 wt. % silica binder, 2.1
L% ] e FUIgRG 8 Sepplessivefely dlusiiatalthesinventan z dose skiled in

vﬂabeart (va:rr 18&dnizd MmatySkarkatibed kg '
?03%% (?rn)at 50%)( rp];mi % ¢ gﬁirggm%ﬂ:@'ﬁ;? %??tft{fgﬁé @vention

a“tf‘ 0 usi ng 3% agueous anmmoni um
hydrOX| de, then tetraanm ne palladiumto nitrate

U PRRATIE ExhBCE RO BN ATyt Rl -1 CATA Vst

subsur$m'@§ dnigck 41810 015.WF 8 lpcagios aOOW. °/oTbch|'b|ﬁéiert 1 wt% Ti,

|
Zdorlz\:}j'(lﬁl{a?!% 'ﬁeﬁbﬁ g‘?é Qagﬁ@tt% /ﬂgl(}% | ﬂﬁeﬁ%fgé e'" “a'50 iiter mixing
s‘BPhtaPSrﬁf'"ﬁFitté/rarpang%m andQdint.i he pirhef thiel sfm*r;&iija@lseéd up to

upot gsing- 5°/A/\/|éd?3e€ﬂ§mé‘rh%nmﬁqr ﬂ{f(?{g% V\Ein lqhéljé]m eteﬁ'l?gﬁ'\ﬁ ing Spalladium

60 m nut

a ted at 30C for

TS A SusaSollien £ dPypancR Pa caltedl nilencls 20ded ovor o
(ddw—aﬂndte msiodvhidugha busdurdReq jbéfi‘tg'\ ‘W{l"?é% atiyﬂe The pH of the

")?j ar & #hend d“ﬁg i n_vacuum at
cons Bt RETgRed i OBt dringy th %é%aé,'?%‘éﬂ‘ é‘E’dB'OOCbY radging the 3%
]tétbhmbnhmnl hydmxwetétetg)ort r@ﬁ’érﬁzﬁlif&ﬁﬁ.xhw é&@lﬂ?n | tHe P &QRRISted up to
&3’5 LB o B Z5TaP T 1 Adtabachat BRI fan60 minutes
2 a,\ma?tammih@mlaraﬂ 7%41 The %%Tssgér@@rbndmé&(t@ree times
t

ALl AL R e o
AL CPNESRT WRighdag eldeingde cslolnﬁdl an 300°a:)8n @gioforPp (r@ﬁe) and then
itrealéd WMatrofaog el O ZRfbghP b i hsurd {be?orﬂ'ud drﬁgt")%?r % Cetalyst 1.

ﬁ%gp%rﬁ"th stirring andthereac Ion m

BRFagye pintglyest ‘(@Wéﬁgﬂ%ﬂﬁowtaﬁ palrditry, 2ridwhté titasthm and 44
fwars4dicshnut es. The solids are filtered, rinsed four
times with deionized water (20 niL each) and dried in

2.
Cat Zf‘%: %’z‘éﬂggﬁﬁ? m?ﬂ“ﬁf%? Pekp T G Sé%é’a]
| ead @ nirad BeteEXZOVRILE aBe plae@linBlsEheck 100
hﬁA@a%L-éftI%éEﬁtgt@Et‘égé ISéﬁIQB@dﬁkbE 83 Grf oﬂﬁgﬂpgém 18fm6 of de;omzed

ar

watan) is, then added e Hiey iU avitls Sﬁbmmatmr aidtibn Gﬁ:xture was
Segtat A Eis-IBQhC (ubinb @ M6t oiBbhathg aRBNHRY B BEQiCEeOf The solids

Al dr.ich
§P§ ﬁﬁered nnsed 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 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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WO 0E/2008Y 010926 PCT/ US2007/ 015651 EXAMPLE 4:pdgus¥oroises:
SUPPORTED CATALYSTS Cat al yst 4A is Pd-Pb/ CaC33, a
product of Sigma-Aldrich. Catalyst 4B is Pd-Pb/ BaSO,
a product of Alfa Aesar. 5 EXAVPLE 5: PREPARATI ON OF
Pd- Au- Pb/ Ti 02 CATALYST Pd-Au/Ti 2 (4.67 g, rrade

di t
dei oni zed wateeRyBLETA P PL Gy BRRED EATA S S 00 m
f | ask. CalahyshdA iaPetRb/E€ 5Dy ta mrod(d. c@?‘»&;rgaﬂdrﬁb( Oﬁc) 2
15 d to the
ol ur vy o A P Sl T BB SRl wns
heated at 75-85C 10 (using a hot oil bath) and stirred
for 45 nERakEsE 3 WEPV\F@‘?H?)‘EFO&' Pd-RLS %ﬂ(dﬁd”ég?A&%'T”

tines th dei oni zed wat er
a vac UiV BER244-6 69(:“!‘%‘?9 zwqorﬁmr@ tl'@ proedars af Fsemple 8A)

SandCalefdnyisdd @a@&n ﬁ”ﬂ.)oar%7§%ea/°uﬁ’aél bqqédknﬁﬁ%gn%LEﬁ lead

| 0. 38 %
g %%ﬁx?ﬂﬂﬁ?w c$| GNP e@mi“mé%?gf lﬁd%mz@w@e&ﬁs then
ladiietbtoathel siatewith %tiﬂ&fg‘ @hﬂ&ﬁ@ eedthioh hﬁx@? Z{Aéé{&i at 75-85°C
%lﬂgyg thﬁ)?’ o@ E%(r%a l?c% gﬁrrgg fcbrr %%W'%‘l‘f@s udi r}sgsqugqgﬁ fillgged, rinsed

rfyar dgms With clsioriiestl vater (2lemt.oddopy)i a1 BFi6E aﬁhar Gad;diam oven at
FPIONR S 4 %Qué {o%?rh%at%@{ EmCaQ%)Egg I $ %%; nt%f %ﬁgr"&e{ﬂ palladium,

pressure reactor an
Wvi-PH V8- “rigeldy Pe3 it Peleimanahnd 680vtd) titemii®. 1 M anmoni um
di hydr ogen phosphate (30 g) neutralized to pH 6 with

of carREs & PROXATH ReRC R OiS SAEALYRES Frid
reactor, and the slurry mwﬂm 6OC at 300 psi
(2068 'ﬁf’é aluﬁ@%?@e?f%nﬂaﬁ %cgn%ar iye 'alggtn'l o5 Catalysts

uses Cat %@ya
3Ep 41, éﬁ and ScihebystidationXf prapyleme 0siBB oxygen and

U@@So talyst 1
g @EWSSE“&EQ‘&S‘??%% roetsBefRsR (0] o)

(3
and FEFGQ syster, @‘-’fost'mwf @Fﬁﬂm araﬁsmmrmmr and a 1.5 L
Gattrbays! 13’3Eha(r@ea vailh anshiEaedbty Sikcthbnol gfg&
BBl ALnE o gﬁt gbyst 4A (0. 05 aﬁg)a?gﬁq @G"é’%m”‘“m
L@%ﬁ afiespiae xPeviEalgpd Cla athys6 awth( oillgtug)ammonium
Avdrop@id, T8e 8atjyst Bu ad&itxtumfa:atdrye& .o Plotdpbal ek agded to
e FoBoRNtha Sl sfin Do Mhenfh AERFONST 66 CONTIGR!

b e s 21.-? %‘%??n a @}@Q{%ps: (2068 kPa). Run 6A
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-
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wanwogl@m826cc/ m n of 5% oxygen in nitrogen is i nﬁé@g%@ﬁm%ﬂ

into the pressure reactor via a fine frit. The exit
gas is analyzed by on-line GC, while PO and ring- 10
WD 2008/ 010926 PCT/ US2007/ 015651 opened products in
the liquid phase are analyzed at the term nati on of

%beened lg:tcI 0 Thﬁ readio nis carried out for
ur's i [rbé & Jigy) ﬁg%?e afpenglyzed) ok thy t@'ﬁ@“@?n of the
aratimes Theaeasksh tsocareibd Wuatie 14)@opFs) e chyi geyngng,nger The

2SR L' RS A ubSEie el risoe ershyaney and selectwies

Chepariatthg dabig &l yst 7A: Aqueous sodi um tetrachi oro
aurate (0.265 g, 20.74 w.%gold) and solid disodium

tetrachl oro palladate (0.275 g) are added to
deFPERMZRARATRY B EXAMPYE K/MHREEARAmrg omPﬂemummz CATALYSTS

Pl Tk ] i ALl 0 o
%g%r(aee’d()@nwogsi digaglitgn detcpahipre m@ilmtba(mamgmrd added to
amaamzw waTé}e(ﬁ gy fith| ﬁ:rﬁﬁ?n Affe?fiﬁé %%Iléﬁ "uggéng @Jﬁd %glg’pounds

sol i ds are washed

mé?sé’? v%‘a??%% 8 ed'Poed Bcremiavernas sixei BOam?/gitand sodium
G Ehoridte (oa&gm@ a&ﬁieldciﬁ thé Qalléd?@rﬂ/gw Befktivh I fhe slurry is then

e he fin filtrate contains 1
JeA58l 67 AEH G IR 5" AEBlnd 08 o s i geonizes
YYELET v umnac@uby/euemnmgnauonha@mmzwc 1‘ﬂ¢l@e§lcél@fnea Salids are

0QC f
2t RSBt s INT 20 Bl s pmspone,
dhen wriedt ard weldined in il inve rhyifiedgerdoei by omngtattemmmm to

(1468 g/ .’Q"h)arﬂi th&%{tlﬁ% dﬁ F%ﬂggrs%b"’éﬁa C?&'a X g@?jé}ned solids

contains O. . % pa
ﬁre%tqqq aHPG?f?”’EQ @nﬁar@lﬂaﬁl’e ighealaysit trétdduedins a 4 vol.%

mdrdg@htreﬁrég&hh@é&nqwbétc%/rﬁa%° +for %B 7{‘@4@%%9%’@ alyst 7A

and, sol di sodi um tetrachloro pall ada
588@5‘%@3 Vet R 87 “(12’5991?1 anick §9 wi.B4 titanbum Af t er

the pal | adium and gol d conpounds dissol ve, spray
dri ed fase T O% ]tO7 B 35 m cron average size, 40
S Ué’ﬁEi“% SaFMm feteashinsn ausate (0.265 g,

@g ?Aaug% gold) and edlid disbbirim mdabm@w phE e 39 b% ‘g dre added to
n%ew 8% S5O WA RELED, T Rt 1k AL, 240G 111

e e b WG WAl (i B polagpmpounds
&)ssoh@ |S§vﬁ;d dbydc%ﬂlaiamt"ﬁ@ﬂ (10 @i 35 rhiBram ﬁuérfab@ s:ze, 40 m?/g,
Eakg@ge RY766@8) R sodfh nﬂ:lga%%n%tleo%)fz%r g% are addelgi o the
pallad:umlgoid 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
1o 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,
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Wwo20860@Godor 4 h. The calcined solids are then
wi th deionized water (30 30 g, 6 times), then % 176t

a vacuum oven at 50C, and transferred to a quartz
tube and treated with a 4 vol. % hydrogen/ nitrogen
stream (100 cc/hr) at 100C for 1 h, and then purged

ith t Cat | t 7B
cont ai HAVE g S PREFNRATENIAF Re-urb B aTabySss
W . % tCataist mAplAthli&@@%.gﬁQ%@gE/GTFé Bé;%c% L%%é}%l 20.74 wt.%
i - - |
ST ol Lo Tty Slraionin ralbrai R ES sk adqes tmsgeionized
gwaizp. (Zﬂ o Wﬁbl;gmdnmb a’&ftiarstbélpihtifdﬂngmd laH éd&nﬁ ra%ﬁ’fﬁd%@s dissolve,
o oni,ze
pé’fllét tTg(tJlg ??8 r‘?s Qk}:?froﬁ eﬁggae% PiFgﬁ rﬂ\’;{gbaagﬁ?cjium %icarbonate
@ﬁﬁ;gh@@ gqi@%cbtq/t@e ga}@nfama{ge!ﬂsdnmdnltﬁ dlve & pH of 6]3. The pH is
{
Si/:%ﬁr’;lé& ;% '7é§y %f??ﬂ&ﬁg fﬂﬂo E8H10H$n8? '3(8)1%:5J %9 naﬁm? tz)ncé{%ggatg (0.25 g
‘g‘f ey EHhe@ regg eds%édl b @AW, fiteregid dintli the safids are
IWSW W}tﬁnée@ﬁﬁ&'w&e??% Y @lléﬁé@@f%&ﬂﬁi(ﬁg gliggair in a muffle

a?@ sl ur r hen réact
f'?'r NPy HB"Q 1Qoq3fna§ tar1d 0°Gdenéd and thefeabRiGledn to 300°C
wat e h( 3&1@):;310‘1!’(&(1 QW&F& Be %h%ﬁ@{éaoﬁnth rh%nﬁi%dgw%ter (80 g, six

éé e.lo Eur ace heati ng at

el f1Fh ded 3 %0%“ syecat f58r04and trﬁﬁ@fafmcttmemuartz tube

sﬁﬂd teaterewiti and wakitedydrbydn/friogsh m@awag &&l@d)r) &¢ 180%C for 1
an

ek Dhed L ARGAELHT 010 20 S

transferr and treated with a 4
vol . %Imedrddenr mzt saigef4 67 g are (HEDOslgeietn) delonkROGAEF (30 g),

]anohﬁ :?_?%ngtpf M&%@gl’;ﬂté rtearerg?%@ﬂ Lar plﬁsgyeasm-rqg grams of
fsiyHred yvaian isr a@@@i &9 the ahnrya Fiod ueswiingklungaig stirred at 75 to
BEECafor 40n0S, GtaRY, %@aé’d WR! dddhik- Ly %t%@%‘s h {ﬂu{ fimes). and

qeJonged water is a X o the slurr
N§Fr ) R svaguum &yegt at785%G forsd hor Cat‘aiynt rBA fcbhtatrsed,95 wt.%

\maadmmu@vﬂ%@at&%ﬂdweﬁwo(sgéhg four times), and
dried in a vacuum oven at 65C for 2.4 h. Catal yst 8A

contains 0.95 wt.% 20 palladium 0.5 w. % gold, and
0. 4 wWCHthlgsid 8BCARIpEE mm%uswamsama@ (pedisag 5a5hh873 wt o

X 6_gol d) .and fo
BB e SortPdisBogtnrclrcblass paflseat B dasca are asisegip sisipnized
weater (12020) g:)ththtrhngt |Aﬁerrtge péiiﬁdiiﬁn{ BRd Rpld @Q:‘nb%ﬁ&(% dissolve,

gkﬁf Gl@é@%ﬁ@a%edﬁ'ﬁ gt {ﬁ:@: agé'lpeg %azgﬂazqaqigulgmcaicmed at

é?) qssaca%“qééf{‘r@aw@dpm@w soityot, cfoumlreﬁ bpthe addition of lead
Boklaoy ol 2Dy g). hernadgiiitik oyjlied $89 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 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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addi tion of sol | d sodi um bicarbonate (4. 75
required). The slurry is then reacted for 4 h at 40C,
filtered, and the solids are washed with deioni zed
water (100 g, two tines), followed by .30 calcination
n.air in a nmffle furnace by heatlngwat 10Cmn to

h@@qea{m@oaeraﬁaeamh(ewt)awm/aﬁ PR Byoth oFatplyst 8Bhgontains

casvnerpamidigs, 046 WiayoRHiRth. 8h Wiv 1dgioni zed wat er
(100 g, six times), then dried in a vacuumoven at 50C

overni and transferred to a quartz tube and
Oy o NI R X ER AP AT ON R BT OB LRID EAT AL YSTS FROM
PCT/ US2007/ 015651 hydr ogenf i lHopgn stream (100
cc/hr at 100C for 1 h. Cat alfyst 83 contains 0.95
. % P8 BRIvate the. pesfeimancg difdComparative Latelysisedf.and 7B and

WME 8A a4 DA | SPx A6 IdEN bRk G4Rle }?E@n BERMydrogen

eval uate the gerfor mance

&ﬁ?p%ﬁrﬂ?&\?&t Ci't‘%?‘i}fgt"@"‘WWOﬁﬁﬁw SMPIOXSEE al ysts 8A and

813, theoepodtaialess Bt r@m@s«b@fa@r | Wigh ext4gR0 gﬁoﬂ g) and TS1
e a n roceaure 1s

BEAAR00 648 G RAYE TP P bl U85 Sonef di” SaSeHi qitmontum

whobphaieabyist 6(,0er@7mgthaard (TRELg). 1mhamwke-br i6Qh6eR charged to 300

% f
Wsig %&5‘6}5 kFaag &lﬂfa f%d (:éi?f%lgti Wéf?]f;.zn%/: hygﬁeousfg}mm gelngg é"t %rppyiene
ios5°-f° hewthang gad the Q@'@ﬂctpmttg()g@o@%:ikma) %f Fneemw@ssure in the

‘F@ét&bls fsi Mﬁ;r@émgﬁl"aﬁ‘lﬁ@b%‘?@& 2088 ¥Y988 o t?J&kpﬁrggé(Ldr@rPg%iator with

nmet hane and t he balance nitrogen
H?%s%ﬁ Fe9RReS HePssSpPE aBPlinucslyatiough clhearestor pi 4600 cc/min

ﬁ@ﬁgut‘éaaht WzaC SRR eke PARTRphErd %gé’é E:l W tdhade 1d hﬁ?mtaln a

8ases assed conti nuously through™t he reactor
f@@ﬁa EFRivaNt (evehduihs reRClondring: the Hen, dhauspygenenitrogen and

prtﬁﬁiﬁ@ﬁ@)eedlsrbr@ EeEed ehriBGM bale-1fer éinﬂﬁéS@%ie& %¥§élt(saturator)

I ev% n,itgg tor during the run
SPPERY R fe“%P B R a%d"asa theytaastal. tTmeOr@@ﬁtoa is stirred at
1606 Irptver Thbakattpsmbiteel is\&w&k td soteiaAbGhe . 'gaseous effluent is

|n s of an ecedin
ERSPLT S ofias (65 S8 bFur an e Bod soheeth bvrsiline CC at
teaendonl thiext &ireur sudnea?redylbﬂeﬁﬁﬁeaﬁddté’tﬁmmﬁ@ L(SPOE”) which

ﬁL‘M“féeBE‘.’%’?%“nﬁBQ""W B0 E eTPr 8Bt (REED Lo Brodiine aveo
Tty e hPEﬁﬂ(PMﬁ%@W amednadddurimgl they mambenhsatﬂdsﬁ’@Etc) propane

Mm“éa

bjg 'ﬂ?é H @ro@éﬁ@%&rrggﬁ?r%ﬁg%ﬁfy C‘Qfg per%ﬁ%g:r’ e gna!yses are
PR Jo caleuisis meauaﬁwty@@dt diiiies sbawnimthedBatie an

to pr opane
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' pO/POE Selectivity = moles PO/{moles PO + moles propylene glycols) * 100.

wibdbgoroezt by the hydrogenation of propyl ene. Therusie07/015651

results of the GC anal yses are wused to calculate the
productivity and selectivities shown in the Table 2.

13 WD 2008/ 010926 PCT/ US2007/015651 TABLE 1:

Epoxi dati on Results from Exan'pl e 6 Run # Catal yst

Adm xture PQLP | ene, ductivit nent

Sel ect i vi ty%@‘%g{ﬁ?% 'cga%'? ifronfg%x%m? 0. 535

66 Xun B4, BadPsto| OABMBUe6C JPOPOEL & Pripgiere 82. Broluchitp® |
6D 36 Pd/IS-l 87| &ogBorEnh.{5 PP‘EC*&’E! SV F%MEEM 85.3 81.6

0,46% ,.u. 3bPadHfS5—185-9 s 2) 2 U AT 81 2
86 8°8 416 A 4k TS1 780 93%% 0 K17 7%’1 5 15- 198 1
8d. 2 i 453 ? PQ POE "Sel ect i visl‘*ﬁ = ol e8P (1ol e3P0
+ aopylene qalvcols) * 100...21 Prapyl ene

Sel edi9 vi t:y 38 10p P90l e pr 8pAne/ hol e82PCE 4 nof &€
priopcite) + 1BD. | 3 FRflGductii vi 8Y.8= gf ans 8REE 0.511
pri0dUBEd/ g agu Of | CoHgAISyST |per sB@Ur . | o *sL@nparnatiydss

Exanmire—TABEE 2 Engrdat Hon—Regtt-t 5 rgmyExarptes 25

¢
10_Qa_L_aJ_y§t_2g_Q$,_Er_gp5d_%np Productivit y Sellect i VLt Vi
Selretda vty $h 2 FA85T 471094 5BA- B2 74§93 765488
54_(;;%"7 6-89 74U 0.62 1 RQ Dgz'_chl :\r‘fi\llﬁ'f y= ol 2'31
P (Bl es| PO™ bl es' bt opyil end®81 yeol s) %7100, 2 577
Priopylenel Sel ectivity = 100 - (ol es propane/mol es. POE

PO!POE Selectivity = moles PO/{moles PO + moles propylene glycols) * 100,

2 Propylene Selectivity = 100 —~ (moles propane/moles POE + moles propane) * 100,

Productivity = grams POE produced/gram of catalyst per hour,

* Comparative Example

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

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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w8 Reduotd vity = grans POE produced/ gram of ca
per hour. * Conparative Exanple 14 WO 2008/ O10%?‘(%[@5907/035651
PCT/ US2007/ 015651 We claim 1. A process for

produci ng an epoxi de conprising reacting an ol efin,
hydrogen and oxygen in the presence of a catalyst
conprising titaniumor vanadium zeolite, palladium
¥¥eiclaBd. 5 2. The process of claim 1 wherein the

|| SO, RO AR b SpSART 58 e

HR9EReRNDOWEBM iNoteL Presengeveli gheatplyst sansiginicatitanium or

anoadiomzddlid) baliadidmainghéager cent | ead. 4. The
procezs of.claiml1 erein the alefinis a C2-C6

ol ef | 108 Pragess Y siales 1 yihereiniths Gtapkar & yappdium zeolite is

ttapium silisalfteopyl ene. 6. The process of claim 1 wherein

the regacti i er f d in the presence of a |

sol vegt seﬁg%lpz%&fs o‘?ﬁr 55'5“ dr‘gﬁ'ﬁ"e!fb Atplygt I5r comprised of from

81%iolec] Gweighhperscent palistiam doeitfoore ©,0018toex welghti pefteRDRad.

and njyxtur . rocess of. cl ai X

wher el ¢ na Sarores: o daird 1B BTG ol e PSR ologac

suppoPt ed dme precess ahtlaim drwhaxeiadhe piafiads ptepyléhe. The

procegs of 16l rein th J S ri -

Eal | adi um IiQQCEg%,&?acﬁéig‘dgi\@?eg%b%éo%ﬁé{?%fsaﬁgémmed n the
56Fe & D aotveet setestrdifroor theagelipupensigtig ok alc@hoShethers,

peees S@tatfesChatdl) fyBis), AnbihGixpdd ferdi@l 1s gold. 20
10. The prg'%ess of claim| wherein the palladi um and
u

| ead Are FpRIeEESS Oh clgidal wherein the shreogwsises palladium

ehdilendlfpgoeteeon m}l;eanmgrﬂ f vinadfh 864iRE. from the
groupgconsisting of carbon i tanjas, zirconias,

ni obi 35, shﬁec%\%?eﬁ? BﬁF‘ﬁHE, ‘%'{‘?ﬁe&thea?%ﬁlyﬁ‘a%?m?%?ﬁw%fﬁﬂiUm.
waddeand Aol adutitonah reobid enetal Wogpbeed @6 8RS titanium or vanadium
ti4ipQi a-silicas, 25 zirconia-silicas, niobia-silicas,

and m xtures thereof. 12. A process for producing
propyPene dkiedeocespel gainy8véwtiniige npblepybeing, goid.

VLonclsh, TR A b MaPe I e st R gec e
PURACAIEARA @ CEHILr- and a carrier.

1. 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, 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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WiB008Teie9ger ocess of claim 12 wherein the titanimd08u07/015651
vanadi um zeolite 30 is atitaniumsilicalite. 14. The
process of claim 12 wherein the supported catalyst is
conprised of fromO0.01 to 10 wei ght percent palladi um
and from0.001 to 2 weight percent Iead i5V\D
2008/ 0109 PCT/ US2007/ 015651 =15, The process
cl ai n?% \%ﬁé‘? BTrasReOT LRI de Wihaersin EfTier éﬁrﬁ?‘ﬁ@te‘j from the
gropTobRitting tdfgrivdns; artdroas , zntbh;é@.l ﬂ!&bia&l 11071 @umtnas, silica-
ni obi as | l|| cas, alu um nas

glumings So){n(a@%dsényghaétﬁgﬁ @Qpatgg c»(ldes t&ama-gjlzcas

tlrﬁma»aﬂisaé irndetsia-silcias camd mixdilelschsreofii obi a-si | i cas,

and tur f ce of

e I8 19 RSB ub, IS B i fomorecs
palldliuranleaddan iaddifonabidide metall andeadariararri er.

oo IR S T brcell B LR ol e TR T bla

rocess erer n actlon
| s pe?& -or meée WTOF'h@ opeleine rigewberein Hsl veastion &g e@'tf@rmed in the

f)fé&@hb@%f% %@eﬁp@,@leﬁédﬂ%m tr?él %ORIU?J émn&&tﬁ@r 8t alcbRols, ethers,
ket ones, vvat er m Xt ur es

est er
?ﬁ*@%%ﬁ tongs, WS, taeé‘s%z @ﬂdém'éﬁum@wre. n the
react 1®n |$h@¢mﬁﬁs@e@r ¢igint he wirepemesredttich MIpé@srmetbin the

presence of a buffer.
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