DIRECTION EPOXIDATION PROCESS USING IMPROVED CATALYST  This invention relates to
a supported catalyst, a catalyst mixture, and its use in the production of epoxides from hydro- gen,
oxygen, and olefins BACKGROUND OF THE INVENTION  Many different methods for the
preparation of epoxides have been developed. Generally, epoxide s are formed by the reaction of an
olefin with an oxidizing agent in the presence of a catalyst Fthylene oxide is commercially produced by

the reaction of ethylgpexwith oy aei-eust RisiNarcasaly stk esrYIEREOXIAS ise@nimercially produced
by reacting propylene with an orgdWRREPEBEY Lo zG- Weh such as ethyl benxcne hydro p

eroxi de or ten-butyl hydro p eropgde 13hisPreg es siisrRefaredinthe presence or a solnbilized
molybdenum catalyst, seeU.S. Pat. No. 3,351,635, or a heterogeneous titania on silica catalyst, see

U.S. Pat. No. 4, &1‘?&3“&?&@%@%fifgﬁfél?ilﬂ@@ﬁé@@%@&fﬁg?m oxide is also

a useful c_ixidimng-ageptdor epoxidadermation. U.S. Pat.P'-Jos. 4,833,260, 4,859,785, and
4,937,216, for example, disclese qlefin epAlgidatign with hydiegen Rergsige,in the presence of a

titanium silicate catalyst. current research is conducted in the direct op oxida - ti on of olefins
with 0xygen and Wgrouert Ieys progets n's Bl smrcepyeiant VIR e in situ o
form an oxidifefgl gﬁm_cl\ﬂgﬁy élg&euifcahafysts y’ﬁzeb%%epﬁseﬂt (TR itectrep oc idat i
process_Typalythe eraly Sechmpisesisinobiemerstunt a iangsiechie b toxahple, P
4-352771 distfoaesi b RMatnn ShLIIANMES, DTS To NIaRYIGhE  Fgerh angy ising a catalyst
containing C=Eroup WHI metal saehiadpalladinrrorxkactrystallibe-thanezesiticatecPhie C-roup "VIII
metal is belie$i§HY0 BRATERE e RAGTIN I XV iTer A HYATSaER o AT ATGE eroxide in
situ oxidizing agehtHd<orRPai cHoa16/498 250 deseribasta tatalystHitikigiresof artitamicin zeolite and a
supported pafAfigT tomiprek’ [Whete B af He Tini 18 Siippoitet] dntatiah, Slitasifit 4=al rirn ma, t
itan i a, ircoml i azardnicbdiLther dirett epoxidajamcgtalystaxamples inelhnde gatd-supported on

titanosiIicate%?@é@@s%@%fégﬁzﬁﬁ@§ﬁggﬁg }%@F&?ﬁrﬁgg@g@ox idat ion

c@‘ﬂﬂ
cata- lysts is areakRne te-pradeGe Apo~selectivebypradnsissuchas glyeslsialglycol ethers

formed by thélﬁgg&eghﬁﬁ fthe € X;Hrf?l@?dq:c?%g%ﬁg&géﬁ gdtict formed bxﬁtpi%gydrogenation

of clic-fin. U.S: Batuteh 0 b 08358 Tegches Thatitng selsclity for tie. HEecidistin‘fiaxidation

process is entrehicesdythe additonot @mgggm@mfraféﬁmoh%mmdmm kwgroxide to the

reaction mixtji; TS Pef NG 6.299 2L acHEa tha 3 SET0r 4G DIBATHORAfE nodifiers to

decrease the @sgugimr%]@;a;f ;@pﬂ@é}@ ﬁneﬁda!ﬂmiﬁﬁeaméﬁamﬁcms the rise o U

phosphorus, ]{VO T e'uo);%‘f% TiC HQtingy ehﬁ’ﬁgﬂ%ﬁg@ﬂ NGSEHME Gt h. COMD) thiopherie to
R L e R o

decrease the fk IpmMoI prapanel 6. 5nhRat. Plotl that the presance of carbon

monoxide, niétijiEttylefigirandrorpropa diederristifist divedd Skritiqanty reduees dii2cane
reaction of oxygen! drogen to rm ahydrogen peroxide .
byproduct. 155. &A.p Eﬂbi_zﬂi)g 023230 cﬁ&erose&ti%,&ﬂ@eguﬁes@ a edified pall adi
nrn-containin&ﬁt&ﬁhﬁg orvafatium zeotitere satidarre dyptotuct farmetioh. e Hddi tion,
co-pending -4 Batédt ABRlicAtoR saE, Neh A7 7 3R A bR e bia. orher
direct epoxidation catalyst examples include gold supported
on titanosilicates, sec for example PCT Intl. Appl. WO
O0K8/00413.

One disadvantage of the described direct epoxidation cata-

Iy sts is that they arc pronc to producce non-sclective byprod-
ucts such as glvcols or glyvcol ethers formed by the ring-
opening of the epoxide product or alkane byproduct formed
by the hyvdrogenation of olefin. 1J.S. Pat. No. 6,008 388
teaches that the selectivity for the direct olefin epoxidation
process is enhanced by the addition of a nitrogen compound
such as ammonium hydroxide to the reaction mixture. U.S.
Pat. No. 6.399_.794 teaches the use of ammonium bicarbonate
modifiers to decrease the production of ring-opened byprod-
ucts.

TUU.S. Pat. No. 6,005,123 teaches the use of phosphorus,
sulfur, selenium or arsenic modifiers such as triphenylphos-
phine or benzothiophene to decrease the production of pro-
pane. U.S. Pat. No. 7,026,492 discloses that the presence of
carbon monoxide, methylacetyvlene, and/or propadiene modi-
fier gives significantly reduced alkane byproduct. U.S. Appl.
Pub. No. 2008/0021230 discloses that the use of a lead-
modified palladium-containing titanium or vanadium zeolite
reduces alkane byproduct formation. In addition, co-pending
U.S. patent application Ser. No. 11/977., 360 teaches that the



-use- of a catalyst comprising titanium or vanaditittn zeolite, a noble metal, load, and bisaanttla also
reclue es alkune b ypn_, clue t formation.  As with any chemied process, it is desirable to attain still
further improvements in the op oxi dun on methods and catalysts _ We have discovered a new catalyst
and its rise in olefin epo xid a ti on SILINIMARTY- (DE The invention is a supported catalyst
comprising a noble metal, load, and a carrier that has been treated by c_:oritac ti ri.p, with nitric acid.
me invention also c orapri s es a catalyst mix - tare comprising a titani am or vanadiarn zeolite and the
sap - ported catalysh chH'bagatalystaixuieis neefitlinelefin epoxib<dation zkhbisitd¢helsinvention also
Inc-Ludes @Cﬁf@n@@cﬁgﬂdéﬁﬁﬁﬁlpﬂi&@s@’tﬁ’&fﬂéﬁﬁ%§§’s‘i’%€&fﬁ‘§%@ﬂﬁ?8@§’éﬂ?ﬁﬂ&ﬁ§ﬁn the
presence of tha catahyst m}xgurehmﬁlm@peﬁ%%&mi,smgig Qives sighiecantlydeducedii
alkattcbyprbange &y ydrogenativh of olefin Mt PrpB et and cata-

SC71-2_ IPRLMSIRA LT ES ‘F\fVE 1961 £10T0%. 72 1 RS E4p orted ¢3 tali/lslt'f)’ 28 invention
comprises a noble metal, Iead and a carrier -rlao carrle is preferably an inorganic poro as materlal
in partic atm- inorganic oxi des ar ar%\rfwéys ‘Fh6 cafrier is mos]?pre?er(‘yﬁ\ran inorg-an i c ox ide_ 1"r
I-erred i rio rg;attic-oMidesring=inde oxideaat Crotig 258550 bhelementsz Rartichibely preferred [

no rgan ic @%ﬁ@?ﬁ%@%ﬁe@ﬁﬁﬁ@ﬂ?ﬁgﬁi@ jﬁ@rﬁﬁ@@%ﬁ@%@ﬁ@%

amorplaotitarita-stiioayameliphous ﬂf@O{HIaerIcGﬂ ~amgidpland lebdsisilicapamidthehe carrier may be

a zeoli te, BHPTS Tt tifakiiiit or Parian]ith:Zeolite Pttty prElnes tilt tdre glides bac lade

silica, titaniapziGormeaiandgiAd-kias ?ﬁama:rsm@ﬁhemieﬁedctu?geteram the-gagienbas a starthe

e area in tweaﬁngés Surpgg’f%&’@&’l‘@@‘g&é‘-w grle;f@ébﬁr frgi’atbeat 18 B abo at 500
nia/g,-_ 1"ne§e;ab thepor aaéa% elg&nmerg&mihe)range .eiafbaut 0.1 to a bout 4.0 nal_fg

more preferablytgr%% bﬁg@é)é tje)%l%o ﬁ %99: a}gﬁho ){\f]r ut 0_8 to about
3_0 nal-/g Preferably, the average particle srze o e carrier is in the range o out 0.1 inn to a bout
1.4 cin, more“pﬂeete%blyffromcal ArralbbtldMIGE ahO4ihi Fremoandmest Eeferablg»Efront ab oat

10 jim to am@iﬁﬁ;ﬂﬁgﬁrﬁf?ﬁé@ﬁ@E@f&%@%@ﬁﬁﬁ@@fﬁ@%ﬁﬁﬂé‘é}?%@r that is at

sea, for examﬂeehargerrpaﬂmerfes@hepreﬁerredaitgzaribceéboalerelacmraarfhelaverage pore

diameter iTIRICRUY AT IR T 4Re B A0 AYolLIOREATRie felably aliday 20, ghout 500 A_,

and most mefe&ablytatmuiéiﬁ teiabeouii3b0 AJObl ec&arﬂbﬁtedteaiag/sh oceRidBHIS a noble

metal aria REIWRIRC AL, OF B Ht iifal S Ry be Atz d i Sive hiadtimit, Giffana, iridii.inm,
rathernanar;»suna&n);eutheral&nem&m e&mbma&mmlpﬂu %hillﬁt@laﬁ*ﬁﬂ‘ﬂr,cg@idnrpﬁl lasgiam/p la thrum,

or a pa lla §tfdold EBIABIRATIoN Ate! part PELH A ydbSFablet1drt &dif&m&1:17"¢st pre rerrea
-l ypically, thelacmec;amg,o %gﬁtﬁpreeemn dbe-saps Raxted catalyst willhednthe range of

from 0_01 %dDZOJWér !g%?garbl 1 ltg;ﬂ:@‘\mgilmbleafrﬁr?he p&angc 19 e which the
noble metal i3 BAC Bhpy 8@%@%%%&%&&%%& TonsidetB G e Ragichlarly critical.

For exampfecalno@mnet@l & orripatrade(@ 95 parlladgulﬁ'aldimate ma?ﬁereaﬁqaoﬂednn the carrier
1@(@8 about 3.0 mT rabiﬁ:etthe average particle
by impregri&y ol HAGE P CIIETOR 0.1 tum to about 1.4
cm. more preferably from about 1 pum to about 0.7 cm. and
most prelerably [rom about 10 pum o about 0.2 cm. The
preferred particle size is dependent upon the type of reactor
thatis uscd, for ecxample, larger particle sizes arc preferred for
a fixed bed reaction. The average pore diameter is typically in
the range of about 10 to about 1000 A, preferably about 20 to
about SO0 A, and most preferably about 50 to about 350 A

The supported catalyst also contains a noble metal and
lead. While any of the noble metals can be utilized (i.e., gold,
silver. platinum. palladium,. iridium. ruthenium,., osmium).
cither alone or in combination, palladium, platinum. gold, a
pralladiuvm/platinum, or a palladium/gold combination are
particularly desirable. Palladium is most preferred.

Ty pically., the amount of noble metal present in the sup-
ported catalyst will be in the range of from 0.01 to 20 weight
percent, preferably O.1 to 10 weight percent. The manner in
which the noble metal is incorporated into the supported
catalyst is not considered to be particularly critical. I'or
example., a noble metal compound (e.g.. palladium dinitrate)
may be supported on the carrier by impregnation, adsorption,
ion-exchange, precipitation. or the like.

There are no particular restrictions regarding the choice of
noble metal compound or complex used as the source ofnoble
metal in the supported catalyst. For example, suitable com-



There are no pa rtic-n1 ar restrictions regarding the choice of noble metal c-onap eland or c ompl e,c
nsed as the so-urc-e ofno b Ic metal in the sap ported catalyst_ For exam pie, sa 'table corn- pounds
inctude the nitrates, sill-fates, halides (e_g_, chlorides, bromides), carboxylate.s (e.g. acetate), oxides,
and amine omplexes of the noble rnetal. the oxidation state of the noble metal is not ¢
onside-red critical. In the case of palladium for instance, the palladimn may be in an oxidation state

anywhere fromhlasTA4on ANy camkination-of sficheaxidation states_ (I Q.a chicrys the desired
oxidation_ Qfeafteroné@ﬁbmaﬁtﬁnbefwm states, tnestetiemeatalicbmpoamdiafterbeirg introduced

into the stipPO/RR LA, ThaY.Be R S BTl pre-rearmed . Sasistactory satalytic performanc e
can, howeverheiattaieet withicmy pre-rbductionr: ot thel suppoxrtedrcatalystanthe. insention also

contains ledf: YRy RTAIOUI O B TES et 1Y S peRaY ety ST Socsirile rang.c.- of

from about 0.84ite-t0-waightpercertyprefekably:® 0o 24neightpersent n Snitable lead compounds
used as the“rg@lgg{}f‘(?éca "ﬂitﬁ dgppﬁf@ M?ﬁ t%lﬁgeﬂ PEES) 4 YOG |ateE (e.g., acetate),
halides (e gask&g@des.t etz idas,. and i wéf’g_uiaﬁ@ amﬁsarboxylates are

particttlarly g H Hr€a mﬁ% most pr fgrgeqz flac Ieaga ay be aqaded to th the carrier before,
during, or a&a&%gm‘%ﬁ%ﬁﬁ; Anyisuita canle ulgegc&&rﬁai‘aweeratlon of lead.
into the supporlb@featalylste Aswitley mﬁl@*omﬁ#admﬁbﬁ) theded® m1@$m%edton the

carridz-,t- b, TR EFEAARRN 8. D R B 1T RISt AR T T TR AR S
deposmon précipitation;-ortethey Incerparation methed<s . hilhdearierss frehtBadiesntacting Wlth

nitrc acid %ﬁ@t@qu@g@mm@%@ﬂmﬁm@z@mrcent nitric
acid. "The qentactingaanbe=per. 1achatth o G uhlindakisi mareat, peeiatabliidn a batch
manner. THetehiEratire e contacting 15 got c@ﬁéﬂ,ﬁb‘tﬁéﬁ&%r&fﬁ%?@ﬁrﬁﬁ?@%ﬁ’ 60 C. are
pn.-..fc-- r msdwnl;helam@mr%ama&quir@ﬁjmn@&angﬁg anac@l.rhuﬂwﬁtmcally be from
about0 1t ﬁeﬁrser ‘fl'ﬁe@am@h astedPwithmitic e “El‘ftifat Iy%?%alys including,
brit not limitg ,fﬁgféﬁl lon QR AIS15 TTE i nc%md%reéfn%nef(r:ﬁﬁytﬁelﬁ’e rformed fﬁ prior to the
addition of the hdbte %taieemdﬂeadaeamohwdgc(@tsmtmmﬁ(&ﬂhs#}amth the adiditidmcof the noble

metal ¢ maé,}plénc @}%rlse]ﬁ{ rab @yg{ngcﬁgega 1O0 St Ut Xoo} cctﬁé@g%}%togﬁgncon sly with

the additioniof beaﬂla@@m ndaeﬂheﬁ toonfokowin @ﬂﬂﬁ@igfihemMeqmiﬁalrcompound 4)

simultaneo il yitiie SERIRT A HOTh, (26, 0l YaC LA ek BT OPRASC i (S Tollowing the

addition of the mﬁﬁ&etalamﬁi%ad compeunthsting ftenniticanid reatmantyand noblie metal and

lead incorpGia ca%rg@pﬂlég?@& ogt’re?c@ fdrSSuitable catalyst recovery methpds include
filtration an Jr}glémﬁﬂyleganaﬁauga Qo T eSP ﬁ@tafy&taslpr%aﬁ ly dried at a

temperatur Yﬁ&teﬁ’%&h@ﬁéﬁ%@l@ Wt@ 4 'noh) Frivedr @H@"fhml reis
preforably feac it T e O ;ﬁgﬁ%@) R A Aot PO ot 50 C.
-The S|Ipporrbedce,ﬂateslysf¢ lbe‘e’pmgl mmmallr?ﬁéated inrgas-stach: as3mt$®genlhel hun,

vacuum, hyfﬁgﬁlﬁ@&q&t%ﬁﬁﬁﬁ%f@ﬁﬁ% STl T ERMIRE Rt S BLRS aially from

about 50 Chitoaboub Fe0E1E IS Bﬁse@ld@iheﬁmaﬂy Heaﬁh@stappbltedmataiystmﬁthe presence
of an oxygelE8 PrifaMB gas dta f?e‘ﬁfé}ér%?gfé’ﬂ&ﬁ?’ Apsut 260°C 18148 & 1650 optionally
reduce the supposted-rcatakyshi &a&eﬁe{mﬁtofaaahydr@gﬂa-eammlaglga&amlﬁempﬂature from a

bout 50 C. (ABOUL SQULE e sty lotted tatalyseniay atdioiiaily ottiphse & piiter or the like
and may bedmaidaalaspdsay driedasbaped-oraxtrudedpitewny dasiiedSoim leﬂeﬂﬁ;ﬂsew epox

idation_  “Fihid chtalystipiet ¥ thedmvem e comprtsSé3 the g&p@ﬁé@l eng?t and a
2e

titaninin or \@%%ﬁ%f@flg%ll{le Iﬁyﬁﬂl tem\ﬁ{@@er mjggrez,ggﬁggls &S COmT olitic sal b
stances WhéTﬂelrFtlta'nﬁannﬁlcﬁ(\?-aﬁadﬁ&fa msiammw Mpbﬁtl@rp@f@reasilrcon atoms in

the lattice f%@%@gﬁftre gtfggﬂn Ar 3iEVE Suic 3RS R B R @ atidh are well known

in the art. Seedfopexampte, 13. & Batalns. ﬂrdﬂ;@ 259@@1’1&@‘666 Gabout 700° C. It
is preferred to thermallys treat the Supported catalyst in the
presence ol an oxygen-containing gas al a lemperalure [rom
about 400° C. to about 650° C., and optionally reduce the
supported catalyst in the presence of a hyvdrogen-containing,
gas at a temperature from about S0° C. to about 300° C.
The supported catalyst may additionally comprise a binder
or the like and may be molded., spray dried, shaped or
extruded into any desired torm prior to use in epoxidation.
The catalyst mixture of the invention comprises the sup-
ported catalyst and a titanium or vanadium zeolite. Titanium



Suitable ti tani lam or I/anticlinal_ .c.olites are those crystalline materials having a porons molecialar
sieve sartic lure. witla titanium or vanadium a tonas slab s tit Lit ecl in the fi-aanevvork. Tlac choice
of-titanium or vanadium zeolite employed will depend upon a number of Factors, including, the size
and shape of the olefin to be epoxidized. Particularly preferred titanium or -vanadium zeolites
include the c la ss oFtriolecnlar sieves c ommonly referred to as titaninn-I silica] ites, part Icalla-Hy
"TS- 1" (havirg amMRiT 1o anralagasts 4o.that ofdba 1S -5 alpan-Lha silicaterzealitrs).s'15-2" (having
an M.HT, t zlétzglj M0 tivdt of e XML 1A fPﬁFﬁlﬁo§i}i§aﬁel1Hé§3,““TSfl§f§ described in
date,

. [ s 1 < t=§ 3 p= 1 1C Trarnydew
Fle12,-ia-naRak. 1004, W38 abd Rl thaving: - topplagh Atalen.0ns 48 that of the
MW alainaiéw(%lﬁ o 11; ?gzananﬁﬁm@mmmﬁgmmm&e@es-m Frafdework structures
isomorphictAs, T 25001t& RER IMOIHENIE A 1oy ctins o+ % TNe 12, SBALE. =1L 0\ fis.and
MC7M-41 are.adsa suitable FopUsgs & Soliancholict-wnar are-partiawacly prefecrads (lhe titan Ulm
zeolites preéfgrablyed SR ateemetitS Blte }h‘aﬁ%mn}%llmb%@d%%% theigttice

e Oof titanium or vana blum zeolite emp ep

franacworka gliiata agla.iRer S1Be-ddidt,s:0f BRIMnarar.: t&ldnal--nhata a patassintaa,
copper andthetlifetm epresédi=<®referred titanham zeol ites will generally have a composition

corresponding {6} i o Wha BIBRICET Eorii XUV, (£ 2010 e, (S HEHIEEn 0.0001 and
0.5000. Matiegpreterablyitheatiads e grxdisEramddy0 1 torG31Ea5: --(beamintat raiio ofN3i-1i in the lattice

FfameWOf@%E@#%%gE@gﬁﬁﬁ%@ﬂfﬁiﬁ%@@p@%& oL MO RRRelapfzfromn 9_5:1 to

60:1). -Thesise ahte wsIMtamnaraiﬁhﬁgize@shiles;may alsa%geeeﬁ,lrab as-3>  @@ie epoxidation

process ofﬁlﬁs@vﬁgﬁo éblfﬁﬁlllgg edrittlet r A >%§§QWWM C:fgflﬁ%?rc esence of the
catalyst mi&ﬁaﬁ@ﬁ%ﬁ?ﬂﬁéﬁaﬂiﬁanﬁ% n.atglaiigéﬁzecandla suppQried catalysheomprising a
noble metdgmue_amgal%asrﬁeﬂf}%méaéﬁ?mcg el f%malhwcqatﬁngae:ﬁishﬁable olefins
inchade an QS Hat il ateasLANe GaEhan -cAIban ClolRERE DoRa, AndGevAtalisirom 2 to 60
carbon atoms=Freferably the-olefimisianacysliclalkerterotFrom2lto 30>carhon atomslthe process of
the inventig AR MY SRR S0t eHOl AP G s (R ORI Mor T OlR i tible bond.
may be presemt .asdRiaudiangerttisane for exagppie.aiha olefinikaybe:s hydrpearbent(i.e., contain
only carbon At INOeA, MM UG SN ATt rtp gt s catbo, lay d
x.yl , etheg CLLD Qhyh CHANCOk BT JIouRS, OIS IRA. 1625661 WeIepLQns especially
ns4.:--Ful MWGTW‘EH‘@ ent toipropylen®aRitlec Ookydgernlang Impdrbgemarecadsb required For

. iii:Ti inthe ce éramework of.the zcolita is,advantage 1x

the epoxidgtign,prat£3;s, A8 08 ARV SGUICRS of, aXyden and BYFEGoEs &8 SMifakig, molecallar
oxygen_ and:taol€calliartydingentare prekafiett =dypoxsaniion ateordingtethedpvention is carried
oat at a tempgfirtteatienficl toat M Eve i dedi o eRtioR PreRTEH e fiperatures in
the range @O0 C s QT pretarably: A0 0 Gl khaRIGlar tHind 3 FbbaRgen #-0xygen is
preferably @;{rﬁeﬁi’%{gﬁrﬁ@ﬁ @al,tefll.i(ﬁ}‘t@?gﬁa%d%g%egigﬂ?¥w;&;§l@a§%&ic;%&i‘a¢ he molar ratio
of oxygen & Qleli ie-Ristarably:2a 10 120 A7 d A Rrelarebiit il L L0 Alcafisl ga s may also
be used in gaaefb idlriaﬁmllprbeg‘és anAkdleancamidpgbrsany desired-inegasganise -used. The
molar ratio 18 8artier o8 & Wenraferaty fi tfia TAGR G L I Qe @bl 201 10 11

0. As thergasnarcgasr rable-gases slick as-tel king fesn, rndargimare saitablemizddition to

nitrogen arfthEath S RO PSR TN A bR it | 8 B b TR 26 I prelgLbly | CI-1 |

-4 ca-trbonafens, oG, methane, sthane,propane, andnbatadte Are-a opaitakledNirogen and
santrated él.?il-éﬁ,cﬁflqw?fifgb Fethe -prefers t@%f?(faﬂé@{?ﬁé’ésl?%@agé;}ﬁ%e listed

carrier gasgs&ati AR08 HERG+1inSPEsHERIym theehoxid-atnel prapdiens, propare or methane

can be stip pl fedkin stich-anwblp thatoethe presahse obquappiopriateexeassowidaiengas, the

explosive BRI PImXITGS HioRyene BropaTe IhelRner A uen  AllT §xy8eildre safely
avoided ang-thusno explosive mixtare can form in the reactor or in the feed and dischare lines

Epoxidation according to the invention is carried out at a
temperature effective to achieve the desired olefin epoxida-
tion, preferably at temperatures in the range of 0-250° C._,
more preferably, 20-100° C. The molar ratio of hydrogen to
oxygen is preferably in the range of H,:(O,—1:10 to 5:1 and is
especially favorable at 1:5 to 2:1. The molar ratio of oxygen
Lo olefin is prelerably 2:1 1o 1:20, and more prelerably 1:1 o
1:10. A carrier gas may also be used in the epoxidation pro-
cess. As the carrier gas, any desired inert gas can be used. The
molar ratio of olefin to carrier gas is then preferably in the
range of 100:1 to 1:10 and especially 20:1 to 1:10.




04.:,-petiding on the olefin to be reacted., the pc:nada-l:iota according to the invention can be c arried
oat in the ligaicl phase, the gas phase, or in the supercritical phase. When a liquid reaction tnedinna is
nsed, the catalyst mixture is preferably in the Form of a sit spension or fixed-bed. --The process may
be performed as i rig a ¢ ontirnions flow, serni-batch or batch mode of operation If epoxidation is
carried oat in the liquid (or sapercritical or sabcritical) phase, it is advamtageotts to work at a pressare

of 1-100 bars ard igithe presance, of ong .Y e solvenis snitablesolyants dagshide,any chetnic al
that is a liquid=wnderreactionlcbaditiond dincladi butmglﬁmtedd;bo@ggena@d)hydtecarbons sn ch
9Q

as a lc-ohol§ HINER bR AR RERPES XMl ind, ANGTARL PuchoSaBbil Sl 28 to and
hexane, nltﬁteasﬂehﬁs@a&elmmlel<h¢qmd1@®1¢(lmthetsmﬁamﬁmlﬁtsn’w&m ate} and water_
Preferable SBfefitsmeR: (d figafe CO5 - RGeS, arch OIS ketories aritktar 8 {idretf and mixtures
of these solverﬁg;w&hﬁtaaﬁufﬁ&{eﬂ&d @iﬁ&ﬁﬁlﬂi&lﬁfﬂﬁaﬁe‘ tﬁm&&eyalaadl@t,hgﬂaiiﬂlﬁs&vmappremable
ethanol, |SOﬁ£@Ra%BE ﬁgﬁegIbi rﬂs,r _pbdyasth %(rﬁQ&tﬂ?aﬁif% nUSeQ tlS
particularly P@f@&mmss@fﬁﬂxtm‘e‘?wmé erteél Etlneﬁe?@vﬂﬁmwla{ferve mppxation is carried ont

the Ii gni d (SP'sipefenitial S SAb&itical hbase. (1S 1aaVanAoEaRSs t& list A Hatier.. the hatter will
typically be=addeddathe solvanttadormiaibuifersolaktien th@Mepgolamoniseempi@y@d in the
reaction to B e LRSI el o ANE SRS HHG SR R sl dre wel known
inthe art. e |m£at|@n¢mﬁudaamycsmtﬁlde<$aii&at oKya:Cigks;dhe yature and
proportlonWW|ﬂj§%W%i 418 31 T e PHIOF thdt SBlutisiis Yy ey €From 3 to 10,
preferably fromﬂéﬁagﬁ{lﬂmpﬁefﬂﬁ&biysﬁﬁml’éitﬁ7h§1|itﬁb|ﬂf@|i$ ehpyacdds €antain an anion
and cation Smd?ggﬁab? Ptioh ofthe'Satt m mﬂ@g@mg%ﬂagﬁjagmogph 8, i onolay dro geriplio
spliate, d thy dke-genp e sﬁ&ta&e ¢.:clrD pyjahies e.a@icacetate,
phthalate, amiam‘e%ke @mﬂié}@%tenlﬂldrdmg éphrrrtP&m Mage%rmeﬁhkﬁlgﬁa@t@&ﬁon portion of
the salt ma Vi LG Eatons; Shehasadmas Lnitcin, S TR RS s (& ey ARy oanoninms,
pyridininmshandzine. IIke)raikalﬁneﬂalstsa#«a#mee&rthlﬁ%ela@umméqﬂge(lrmlseanm@smch|de NT-1a,
121t3ria, 1ATIEEN F20TECE 8, AT E8 cAtBas MO R p B DRSS RN TR S kali metal
phosphate a]ﬂéﬁm)moiraﬂmxpheep?haée boffiesic Salt%mysmte{eﬁab@eeommm&embmatlon of
more than ﬁé?&ﬁéb‘lﬁ%@ﬂdﬁ@iﬁg@?ﬁ C{%‘éﬁ‘tr‘aﬁaﬁ’bflbﬂﬂ'—‘tlﬁj |ﬁ"}ﬁéls%ﬁﬂéﬁfl§lﬁ6’rl?a bont 0.0001
M to about d;M,qzrgfmalalyﬁn&rm M@@b@uw&ﬂoﬁbam&uﬁrﬁﬁn dsiinvention may
also inc Iad?rﬁ@aqa tiof bf at q?&stel;ﬁéﬁr ctlot ) g@gﬁi@@%ﬁd@ﬁ@@x@ ples merely
iltastrate thgje\@ggqg ose-skileqd. e art will recognize many variations that aré within the spirit
of the mventloﬁﬁﬁﬁ’eeviséaeﬁheﬁlamed outin tF@@mMW(bRSP@rEp%mtméhm Pbc-FiCD.,
Catalysts CataNal LB sid AdBR IR A AR P LI Tioh o [ rad Tibated.35 g) is

added to a ﬁmga@dasdmn@nbnﬂf@f &@E&M@G@kﬂhﬂ"@p@@om . Epttitacdiluted with 10 g

distilled watdt xJtd] ART SOEENehEZT. BT TH dAk ShRlkiT L oM S SorMifa 8t BRI Im dinitratc

(.07 g, 20 64].Whﬁféi&-ﬁ)l&&ddedlwﬁhsﬂﬁﬁﬂ@nm%ﬁiﬁbﬁ’hcm&rtﬁﬁmﬁhmiﬁm& issthencadded by inc

Iplent Wetnéégjﬂ?gé@lla ?%?o%elrmdﬁloliﬁﬁﬁﬁm iy |bm§&ﬁ]r@l?fj7})§ C. ) solid-s

are c alcitiegsa a-smainnimeduraace-byHaalingaklo £r tarcd tugs (aftartampiag at 10 C Main)
and then at3p0'€Pst 2nbms(a g a2 mamn %ﬂblﬂ@‘éré’%&i@ﬁetﬂé@&ln in a Tamale
Panace by BASTS mggﬁ@am e s e 00 C. for 4
hours (afterﬁampg}*g it eﬁfi\;egdhdsla@thenqmmbﬁ%@a Ceptart ﬁ;‘ﬁ%ﬂ@g -rednced with
a 4 vol. >-z& RyHf ae;g;aa‘ﬁggeaﬁnrﬁ@m)ﬂ\élﬁﬁﬁcfgfﬁ i 5.6 d@&e@@/@fﬂwﬁltrogen for 30
minntes Wmlencb@di@ctr@npk@@ Eutd 86 € stoprad anstm@atalyshiAeantains 0.93 wt. 9,70

pa, 0.9 wt. {70 PR AN B2 WhA o ﬁéﬁ%ﬁﬁ“@f@: M‘Q‘a&@ﬁb‘(ﬁéﬁﬁm and Pb

Addition NBu,. NMec,., Li, Na, K, Cs, Mg, and Ca cations. More pre-
ferred buffers include allkcali metal phosphate and ammonium
rhosphate buffers. Buffers may preferably contain a combi-
nation of more than one suitable salt. Typically, the concen-
tration of buifer in the solventis from about 0.0001 M to about
1 M, preferably from about O0.001 M to about 0.3 M. The
butferuseful in this Iinvention may also include the addition ot
ammonia gas to the reaction system.

The following examples merely illustrate the invention.
Those skilled in the art will recognize many variations that are
within the spirit of the invention and scope of the claims.



An aqueonls nitric acid. solution (60 ma- of a 2.56 M 1127403 agaleons solution, 16.6X) I[IN(l), by
volume) is add-ed to spray dried titania (75 g, 30 micron siz-e, 40 tn2/g, calcined in air at 700 C.) by
incipient wetness. "The nitric acid_ treated titania is calcined in a nanftle furnace by heating at 110 C.
for 4 lac, Jars (after ramping at 10 C_/rnin) and then at 300 C. for 4 horns (alter ramping at 2 C./min).
T ,ead nitrate (0_17 g) is added to deionixed water (8 g) to roma a lead. nitrate solution, and an a gat
eon s solution of palladium di/tin-ate (0.53-6¢ 20:06wt. Y@ Pd) is ad-ded to the lead nitrate solution
with tnocing_ 'The ra Pb scAntion is then added by inci}Jient wetness to the nitric acid treated spray
dried_ titania (10 g). The S5IR AR teh SHidndd ahd Yetihced aét6itirt fo the procednre of Catalyst
|A to prodnce Catalyst4F3 ~Catalpst in eontains 8 95 avk~ i1C Pd. 89wk BvePlyiand 57 wt.. "Vo " _fi.
Com parati\gféa%meﬁﬂe N‘Ftr%é Aeids addedidnitrate (0:35grisaduet o £2 Sth of
deic_naiedWafer (14 5 hak) tor Tot’ & lsad fidate, sondi ,s@naiarbg:&%@r@s ShiaGpalladium
fjinﬁtr_ate (1 S©2§ZQ9V364§Wta ,@aésiss&dd&;wﬁhﬁaﬂq@i@g@aﬁd@hmwrt( i§~£h@ngadded by
incipient weifeSSdTSrras L BT 0 ARt S e ATkt FAREE T A 700 C). the
solids are then oaicioed andFedused-aocernding totherfrecednne oh Eatatystil-/ato prootic e
Comparatife Carlist.C; PEMPRRE CaRGS! I Tpis, 0.0 WL 9187q 90t 9.4Fp, and 58 wt
rivo'Ti. F:XaANARKCR Rreparation-of foelt-F i) atalysis Campasative Gatatyst 2uhlits._ Acid Added

aify

with Pd. to ) Foli tedns dohsiotrot pallaaia it ldidit <18y 12084 2NJ Pd) is
added to agﬁie&ﬁé;%%%@lﬁ%gQﬁ’i(iﬁ'ﬁ?é%@fbﬁﬁﬁr eﬁﬁﬁﬁﬁh 19 ml, of
distilled wa@%ﬁf@wi HEEPEI ,@ﬁﬁffﬂﬂ%@r@fﬂ%dewﬂﬁgg@imﬁggﬁ?ss to spray
dried tit aniR AR IO Hielone . AU TS LUBNSE R 8 TN 6 & e sdlds aliThen calcined.
and _red:acedh tieeardingto thegrocedureof Satalyst 114 to protince Comparatire Catalyst 2.
Comparatifg TAESt 2 Coams vt 670 Pd-ant BrwRi¥” EXAMPL E°3 Eboxidation Reactions
A 300 cc staintess sigelrepciomsiehargad-withthesupportad noble srefak-cetalyst (D .69 of 1A, 1B,
1C, or 2), 'PS—(iCE?GwdEIrJ (0.%3 9). rrlllethgnci)l (-100 2 andg buffer solﬁuzgiozn %é@, of 0.1 M aqueous
ammoniumm@h%ibsﬁﬁ%ﬁﬁigﬁq%.@ﬁ%ﬁé%%ﬁ@b@ﬁﬁ@@ﬁgwi gd.fhdjsting of 4%
hydrogen, 4P exygam:5h propeeptbde methaneanddhetialancenitiogsn {ohine o). The
pressure in tRErebcton1y AR A 300 ST vId W HACKDReOSTIC JEGUIAEN WG Y8ed gases
passed continteushxthrpugl: the neactar aih600 celmim{maasuredat 23 Crand aneatmosphere
pressure). i &FeErd meiHtaTd conStantstvedt Rl I redc¢br dysad thedalt thecoxygen,
ivogen SU VS e art S iR, S S BIR e Dol bipios
prececing t1eieagor-sbrstining 6 [fers of hanok Th roactor slsiredkau4600 Jom. The
reaction migifie i hedlEd JUGIEG: apdiHe GEEGTh: AN A AN 2D &3 SniitelfzC every hour
and the liquidanatyaedi fline &G atithe efd attheri8iheurtintRropylenegkige-ardfequivalents
('POE"), whjh iefiidle bopieaSXita TR Qo Prafiileds QuEdL PR, alld propfeiéglycol methyl
ethers (PMs), are preduced during thayeacien; iRradditiapito prepane formed by the hydrogenation of
propylene. TheepgoxidatiatereSalfsee Tabledyishdwehak 4- FS:hhnd-PdRbFIO2-miked catalyst

- i

shows a sigh{ifit 3y, Gdue-pldpaliz AR ITE  HVHER PioplIENE SRRV RRRITE TiO2 has

been treategawithcHNG 8, comipaled toimixtures of PH-1swith R-RbiF i@ that avere=adtireated with

HNOS3. In angtm’z/g,@?:zﬁgiﬂég(} in diﬁwmﬁﬁ%ﬂ?&lgsggregﬁl@unt of
propane. calcined and reduced according to the procedure of Catalyst

1A to produce Comparative Catalyst 1C. Comparative Cata-
lyvyst 1C contains 0.9 wt. 26 Pd, 0.9 «wt. 26 Pb, and 58 wt. 206 T1.

EXAMPLE 2
Preparation ol PA/TiO, Catalysts

Comparative Catalyst 2: Nitric Acid Added with Pdto TiO,

An agueous solution of palladium dinitrate (2.13 g, 20.64
wit. 26 Pd) is added to an aqueous solution of nitric acid (10
ml. ofa2.5 M HNO, further diluted with 19 mlI. of distilled
water) with mixing. The Pd, nitric acid solution is then added
by incipient wetness to spray dried titania (40 g, 30 micron
size, 40 m=>/g, calcined in air at 700° C.). The solids are then
calcined and reduced according to the procedure of Catalyst
1A to produce Comparative Catalyst 2. Comparative Catalyst
2 contains 0.9 wt. 26 Pd and 57 wt. 26 Ti.



TABLE 1 Epoxidation Results CatalystPropane Make CatalystProductivity'(%)2 |IA0.656 1B0.594
1C*0.712 2*0.726 1Productivity = grams POE produced/gram of catalyst per hour. 2Propane Make -
moles propane/(moles POE + moles propane) x 100. *Comparative Example 1 claim 1. A process
for producing an epoxide comprising reacting an olefin, hydrogen and oxygen in the presence of a
titanium or vanadium zeolite and a supported catalyst comprising palladium, lead and a carrier that
has been treated by contacting with nitric agid.A n1PT E 3

Epoxidation Reactions

A 300 cc stainless steel reactor is charged with the sup-
ported noble metal catalyst (0.07 gof 1A, 1B, 1C, or2), TS-1
powder (0.63 g), methanol (100 g), and a buffer solution (13
g of 0.1 M aqueous ammonium phosphate, pHH=6). The reac-
tor is then charged to 300 psig with a feed consisting of 4%
hydrogen, 4%06 oxygen, 5% propylene, 0.5% methane and the
balance nitrogen (volume %6). The pressure in the reactor is
maintained at 300 psig via a backpressure regulator with the
feed gases passed continuously through the reactor at 1600
cc/min (measured at 23° C. and one atmosphere pressure). In
order to maintain a constant solvent level in the reactor during
the run, the oxygen, nitrogen and propylene feeds are passed
through a two-liter stainless steel vessel (saturator) preceding
the reactor, containing 1.5 liters of methanol. The reactor is
stirred at 1500 rpm. The reaction mixture is heated to 60° C.
and the gaseous effluent is analyzed by an online GC every
hour and the liquid analyzed by offline GC at the end ofthe 18
hour run. Propylene oxide and equivalents (““POLE’), which
include propylene oxide (*“PO”), propylene glycol (““PG™),
and propylene glycol methyl ethers (PMs), are produced dur-
ing the reaction, in addition to propane formed by the hydro-
genation of propylene.

The epoxidation results (see Table 1) show that a TS-1 and
Pd—Pb/TiO2 mixed catalyst shows a significantly reduced
propane make (i.e., higher propylene selectivity) when the
Ti10, has been treated with HNO,, compared to mixtures of
TS-1 with Pd—Ph/T10, that were not treated with HNO;. In
addition, HNO; treated Pd/T10O, (with no lead) produces an
extremely high amount of propane.

TABLE 1

Epoxidation Results

Catalyst Propane Make
Catalyst Productivity! (%)~
1A 0.65 6
1B 0.59 4
1C* 0.7 12
2% 0.7 26

lProdut:,t:ivity = grams POE produced/gram of catalyst per hour.
2Propane Make = moles propane/(moles POE + moles propane) x 100.
*Comparative Example



2. The process of claim 1 wherein the titanium or vanadium zeolite is a titanium silicalite. 3. The
process of claim 1 wherein the olefin is a C2-C6 olefin 4. The process of claim 1 wherein the
reaction is performed in the presence of a solvent selected from the group consisting of alcohols,
ketones, nitriles, water, liquid CO2, and mixtures thereof. 5. The process of claim 1 wherein the
carrier is selected from the group consisting of titania, zirconia, niobia, silica, tantalum oxide,
titania-silica, zjregnia-silica, niobia-silica, and mixtures thereof. 6. A supported catalyst comprising
palladium, lead, and a carrier that has been treated by contacting with njtric acid. 7. The supported
catalyst of claift € WRERSHT e i P SR ABI b RN it CoRRSRG bE tEAG Aonia, niobia,
silica, tantdlihOHE ilAKAr Q& ARONRAXYRE DLl LS NEES SRS ikt L HIBE™ 8. The
supported E’é‘téﬁéi‘%fi&}é}?ﬁ 7onisARd AnRPRargd cat .%E%ﬂgﬂl?r’féﬁl%%bf claim 8
wherein th&tHME1s LEHAGEI T ARTLHCINBdr &5 iRFSTRIGT &F theMobRMEEHAH the lead.
10. A cataly¥t tHiXtHE S ABHding a titanium or vanadium zeolite and a supported catalyst comprising
palladium, lead, ahbia pagee#aPhasl sten resfagusi boHartinguimmite agdadiuiThe catalyst
mixture of g1t wharcitteeintanisi] eolittds a titanium silicalite.  12. The catalyst mixture of
claim 11 whersin ik étgnraro siicahite S1aSal of FviNdWYYn the. e taiakgstamikiyr€ f claim 10
wherein thetafiigr is selected from the group consisting of titania, zirconia, niobia, silica, tantalum
oxide, titania-sjlica 1z ¢iR=ailiga, MORIASIHCA A MERIVIESIRIEEtion is performed

in the presence of a solvent selected from the group consisting

of alcohols, ketones, nitriles, water, liquid CO,, and mixtures

thereof.

5. The process of claim 1 wherein the carrier is selected
from the group consisting of titania, zirconia, niobia, silica,
tantalum oxide, titania-silica, zirconia-silica, niobia-silica,
and mixtures thereof.

6. A supported catalyst comprising palladium, lead, and a
carrier that has been treated by contacting with nitric acid.

7. The supported catalyst of claim 6 wherein the carrier is
selected from the group consisting of titania, zirconia, niobia,
silica, tantalum oxide, titania-silica, zirconia-silica, niobia-
silica, and mixtures thereof.

8. The supported catalyst of claim 7 wherein the carrier is
titania.

9. The supported catalyst of claim 8 wherein the titania is
contacted with nitric acid prior to introduction of the noble
metal and the lead.

10. A catalyst mixture comprising a titanium or vanadium
zeolite and a supported catalyst comprising palladium, lead,
and a carrier that has been treated by contacting with nitric
acid.

11. The catalyst mixture of claim 10 wherein the titanium
zeolite 1s a titanium silicalite.

12. The catalyst mixture of claim 11 wherein the titanium
silicalite 1s TS-1 or Ti-MWW.

13. The catalyst mixture of claim 10 wherein the carrier is
selected from the group consisting of titania, zirconia, niobia,
silica, tantalum oxide, titania-silica, zirconia-silica, niobia-
silica, and mixtures thereof.



