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zeolites.  Titanium or vanadium zeolites comprise the class of zeolitic
substances wherein titanium or vanadium atoms are substituted for a portion of
the silicon atoms in the lattice framework of a molecular sieve. Such substances,
and their-production, are well known in the art. See for example, U.S. Pat. Nos.
30 4,410,501 and 4,833,260.

The process of the invention comprises reacting a titanium or vanadium
compound, a silicon source, a templating agent, a hydrocarbon and a surfactant
at a temperature and for a time sufficient to form a molecular sieve. The process

is typically pe_rformed in the presence of water. Other solvents such as alcohols



is typically performed in the presence of water. O her
sol vents such as alcohols 2 nay also be present.

Al cohol s such as isopropyl, ethyl and nethyl al coho
are preferred, and isopropyl alcohol is especially
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30 The surfactant may be any suitable nonionic, ionic, cationic or amphoteric
surfactant.  Preferably, the surfactant is a nonionic surfactant, such as
alkoxylated adducts of alcohols, diols, or polyols. Such surfactants typically
comprise the condensation product of one mole of alcohol (or diol or polyol) with
1 to about 50, preferably 1 to about 20, more preferably 2 to about 10, moles of
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30 salt, e.g., halide or nitrate. Examples of these basic compounds include
ammonium hydroxide, quaternary ammonium hydroxides and amines. Specific
examples include tetraethylammonium hydroxide, tetrabutytammonium
hydroxide, n-butylamine, and tripropylamine.
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As synthesized, the titanium or vanadium zeclites of this invention will
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30 The fitanium zeolite preferably is of the class of molecular sieves
commonly referred to as titanium silicalites, particularly “TS-1" (having an MFI
topology analogous to that of the ZSM-5 aluminosilicate zeolites), “TS-2" (having
an MEL topology analogous to that of the ZSM-11 aluminosilicate zeolites), and
“TS-3" {as described in Belgian Pat. No.1,001,038). Titanium-containing
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30 sources of oxygen and hydrogen are suitable, molecular oxygen and molecular
hydrogen are preferred.
While any noble metal catalyst can be utilized (i.e., gold, silver, platinum,
palladium, iridium, ruthenium, osmium metal catalysts), either alone or in

combination, palladium, platinum and gold metal catalysts are particularly



20 critical. Typical hydrogen peroxide concentrations
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30 The supported noble metal catalyst contains a noble metal. While any of
the noble metals can be utilized (i.e., gold, silver, platinum, paltadium, iridium,
ruthenium, osmium), either alone or in combination, palladium, platinum and gold
are particularly desirable. Typically, the amount of noble metal present in the
supported catalyst will be in the range of from 0.001 to 20 weight percent,
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30  preferable to use mixtures of the cited alcohols with water.
If epoxidation is carried out in the liquid (or supercritical) phase, it is
advantageous to use a buffer. The buffer will typically be added to the solvent to
form a buffer solution. The buffer solution is employed in the reaction to inhibit



titani um or vanadi um zeolite which conprises a noble
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Epoxidation according to the invention is carried out at a temperature
effective to achieve the desired olefin epoxidation, preferably at temperatures in
the range of 0-150°C, more preferably, 20-120°C. Reaction or residence times
of from about 1 minute to 48 hours, more preferably 1 minute to 8 hours will -
typically be appropriate. It is advantageous to work at a pressure of 1 to 200
étmospheres, although the reaction can also be performed at atmospheric

pressure.
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t et raal kyl ammoni uns, pyridiniuns, and the |ike),
alkali nmetals, alkaline earth netals, or the like.
Cation exanpl es include NH4, NBu4, NMe4, Li, Na, K
Cs, My, and Ca cations. Buffers may preferably
contain a conbination of nore than one suitable salt.
Typically, the concentration of buffer in the solvent
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'EXAMPLE 2: PREPARATION OF TS-1 CATALYST WITH HYDROCARBON
_ AND SURFACTANT

Clear Gel 1 (100 g, Comparative Example 1), Igepal® CO-720 (20 g,

30  polyoxyethylene(12) nonylphenyt ether, product of Aldrich), and heptane (140 g)
are charged into a 450-mL Parr reactor. After the reactor is closed and flushed

with nitrogen, the reactor is heated to 180°C over 30 minute ramping, and held at
180°C for 3.5 hours with mixing at 800 rpm. After cooling the reactor to room
temperature, the solid is isolated by centrifugation, washed twice with distilled
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A dry 2-gallon stainless steel autoclave, with a
nitrogen purge, agitator, 1o thernocouple, addition
ports and val ves, and an over-pressure relief disc, is
set in an ice bath to cool it to OC and purged under
nitrogen feed. Tetraethyl orthosilicate (TECS, 1978.4
g) is charged to the vessel and the agitator is run at
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flushed with nitrogen, the reactor is heated to 180C
over 30 mi nut esm:m‘mg EROXIDAgiON @F PREOY #igr 3. 5

ours t OO rpm_After coaqli th .
0Peact o\r%‘t 20@873”\9 gr{ erﬁﬁ% Dt E‘argleﬂew@blq gbﬁg%l %’I%‘htsé’ﬁlt'ﬁ? of
Cenﬂethénmg‘afaiedhydr(mh@ﬁomde 40 g 4rfid chtslystl(i) a8 g)1Theatsadior is

an%e I%H ((3%10‘ ghéf é{@wﬁﬁn'gr%}éﬁlgn@t ?? qu e ﬁ% 2&4@%{133!]?/ stirred .

tr éﬁ@@an \mwthreniﬁthe@@?éinaﬁ()"%‘g@(f orinesh am geadidrepressure about
calmp "b%@y bR R tﬁe@%oélé@fo e, ZT%OMEU% arfoo%é eD¥reoa My zed
for hours to produce Catal % 5 EXAVPLE
253: byges C@&mo%ﬁpw&mmh@nemd@av W@EE\ "ARI produced
during the reaction. POE produced include propylene oxide ("PQ") and the ring-
opened products propylene glycol and glycol ethers. Results appear in Table 1.
Example 4A uses Comparative Catalyst 1. Example 4B uses Calalyst 2.
Exampte 4C uses Catalyst 3.
30
The results show both higher productivity and selectivity for olefin
epoxidation reactions using titanium zeolites produced in the presence of a
hydrocarbon and a surfactant.
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SURFACTANT USI NG A SEM - CONTI NUOUS PROCESS Hept ane
(140 g) and Igepal CO 720 (20 g) are charged into a
450-nm.  Parr reactor. After the reactor is closed and
flushed with nitrogen, the reactor is 10 heated to
180C over 30 m nutes, and held at 180C with m xi-ng at
800 rpm Clear gel 1 (100 g, Conparative Exanple 1) is
t hen addEH#ECHEFPOXIBAEION ReSURES WIEH EtYOIRAGEN PERSUHEE
and the reaction is continued at 180C for another 3
hours After. cooling the reactor to roomtenperature,

the |sgljid.is Hft2at ed dnt FOE 194t i SO0 ad he O{P@F
With %{asgl I danversmn p@%ﬁe& g (a\duce a \?glgddgﬂt by et lecitwtyls

60- 70C,f 0 cjons g). - Soj T d 19 treateo
vvitr_nf_'%_Lo_ge tegug \SfeCf“gr 2 331?3 t he¥f-%al ¢i ned®fn

air |at 4810G forgg2 hour sss5.9f Ol ovg@g by 55&5(; fol 4 Reurs

\C LV AV v N\ o an

OF PROPYLENE 267.A 100- mMo4Par|r rdedct ¢r i ®7chafged st h
a Mg a?aWTe E’ﬁb%ﬁie‘“ rom of —methanot /V\ﬂ‘ﬂﬂT'nyu'l ogemn

pen%é %! g and cat al¥,t (0.15 g . The reactor is
seal Er? SEHE Gele RPAPPIS Oy 8YPR3 mols greigihersHa
magnetically stirred reaction mxture is heated at
50C for 30 mnutes at a reactor pressure about 280
psig, and is then cooled to 10C. The liquid and gas
phases are anal yzed 25 by gas chromat ography.

Propyl ene oxi de and equi valents ("POE") are produced
during the reaction. POE produced include propyl ene
oxide ("PO') and the ring- opened products propyl ene
gl ycol and glycol ethers. Results appear in Table 1.
Exanpl e 4A uses Conparative Catalyst 1. Exanple 4B
uses Catal yst 2. Exanple 4C uses Catalyst 3. 30 The
results show both higher productivity and selectivity
for olefin epoxidation reactions using titanium

zeol ites produced in the presence of a hydrocarbon
and a surfactant. 12 TABLE 1: EPOXI DATI ON RESULTS W TH
HYDROGEN PEROXI DE H202 PO PCE PO H2Q2 PO PCE Exanpl e
Conversion produced produced Sel ectivity Selectivity
(%9 (mml) (nmmol) (%' 4A * 66.7 31.7 35.9 80.6 88.2

to produce—Catalyst{3 (708 1g)— EXANRLE 4: EPOX| DATION
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4B 82 45.9 46.5 95.1 98.7 4C 67.7 40.4 40.7 97 99.4
Conparative Exanple PO PCE Selectivity = nol es

PO (noles PO + noles glycols + noles glycol ethers) *
100. 13 I claim 1. A process for producing a
titanium'or vanadi um zeolite conprising reacting.a..
titanium or vanadi um conpound, a silicon source, a

t entgdlami ng agent a hydrocar bon and a surfactant at a
t enperature ijre sufficient to form 5 a

nol ecul tér S| 6’“"33%9 f°‘rH’é’dH?‘B% gdianym e yanadiunyeralits gpmnssing
t i treattinonacibapaund vasadileh ecihpsundf é@rlﬂ:émﬁaL@(EeD ﬁﬂemplatmg agent,

f t
corshik ot d BN A5y L0 10 S TS, o o
ﬁ/\heﬁ @pigcylaesievd. i con source is selected from to the
group CQnSI SFH :}Qo&,fss of &hln? H%ere?ﬁ %rig?ctﬂanuw %ﬁ%p% s Retected

silicon al koxi m xtures

pr JtasE hepgrodp ationwmwﬁ riéaniue thelidesmpiteatimeglkaigdest ahe mixtures
seltagieed from the group consisting of

tetraal gy ni um hydr oxi de, tetraal kyl anmoni um

hal i des® and NiRPSRse S CRIH dghereim the silicr spurse ésselested from

1| ahen g‘rouvmeossmmgha bwd;rdac@n;b@nfun%dsglh@éﬁé?t@;ohf&R‘&xl&e*ée and
%?@gy?e%ﬂﬁér%ﬁ ng of -C12 al i phatic hydrocarbons,

ar oma hydr ocar bons, Cl1-Cl10 hal ogenat ed
al i phat #c hmiecmacdserr.sf cl<B6- Choetei] heaambRing agentas isblected

h t 1 f o I f
YRG0 A0 T L SR et BB
20 YgHerspandmsityes thgresf. pol yoxyet hyl ene

ug?lh)é?xys’r OpWh%g:tﬁ%@lsgﬁt c%frﬁqrwht?r ﬂltﬂgﬁgﬁgwb&p% s%lié(CYed from
pol o 9/Et'fhy? @t'n%u ¥y 1S eunh!é?: ysraeasbpeshylede aromatic
noriytipbemyhs, e(t1h©{0 ha[t@;leﬁ@tébf @lMdtl@%d%E%bH@%¥é8 1Ridd8hated

.aI Iee ﬁor tsof acetyenlcdlos
£ PHE F@&P"S 7“” RIFPSEdREFor produci ng an
epOX| de6 conpinegiromgss eﬂdtalnﬂg waere Bkl strfadfnad Qeleeﬁéa fefNhe
20pe € ch idt pr.es titani um or vana
%%ﬁ '5/]\7(1 ,?@ ngfhg)gﬁlg%yeﬁh Yieor PRERRAIAMEIR ol ?"i"g] j &ther,
pr @@U@é\@twr\eealbyh efbera polyoaysitiuterer alkyialtyhdihon ﬁdméiﬁl@lene
a %Mylaﬁ@%t!'%‘?U;F&y%xy&hﬁ@r‘@h&‘i;}lﬂ%nﬂge%ﬁér’ p&y%gthgl%ﬁe octyfphenyl
ether alkylene oxide adducts of acetylenic diols, and mixtures thereof.
7. A process for producing an epoxide comprising reacting an olefin
25 and hydrogen peroxide in the presence of a titanium or vanadium zeolite,
wherein the titanium or vanadium zeolite is produced by reacting a titanium or
vanadium compound, a silicon source, a templating-agent, a hydrocarbon, and a

surfactant at a temperature and for a time sufficient to form a molecular sieve.

8. The process of claim 7 wherein the titanium compound is selected

30 from the group consisting of titanium halides, titanium alkoxides, and mixiures
thereof.

9. . The process of claim 7 wherein-the silicon source is selected from

the group consisting of colloidal silica, fumed silica, silicon alkoxides, and
mixtures thereof.
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surfactant at a tenperature and for a tinme sufficient

to forma nol ecul ar sieve. 8. The process of claim?7
wherein the titani umconpound is selected 30 fromthe
group consisting of titaniumhalides, titanium

al'koxi des; and mixtures thereof. 9. _ The process.‘of
claim?7 vvherei n the silicon source is selected from

t he gr oG cofiei gocesy of claml T eihaedin did ﬂen@jatiﬁgumdnt is selected

Si lﬁ#ﬁtheﬁrbu&%sﬁ @E§a}ks€éﬁrpgﬂh% rﬁﬁr%? %,pht]g{r aqwiammonlum

agé?ﬂlff@% GQ@F@&I@G thGWQfm the group consisting of
tetraal kyl aWerHéééyé*rdPé&hdﬁph&%Hlﬂ@ll-é&lo@%%‘ HElected from

hal i des, and m Xxtures thereo process o
2l dhth 9oWAe cRMSiNg e O yar Seariififtic s hydpeasbas. fFofe Sromatic

't hehy@fd@:élfboﬁ@n@l S‘iol mogtfna@'a eﬁ{bﬂatﬁ:' hﬁ?&tat&ngydg ecAR A hated

C6- Cl12 fa tic hydrocarbons, C10 hal ogenat ed

al i PRAFTIE W?b%“‘x@éesé'ﬂﬁreﬂfal ogenated aromatic
hydr ocanbonSTheamdcéﬁsﬂf ¢la@s 7tiiesr€infthe étﬂfacféhﬁ‘ls ReReRIFroRf the

Clg% th surfac r]t IS s? ectedfromfke

Pt ong) ?f’" { oQ? el XP&‘X‘?}@%’ B e PVBYRIRRENE S p K e Ether,
lﬁl kndlyocay¢tbyliene talj(yb@thﬁqxg@ydxyda’thylenmlalkylallﬂt dtker, polyoxyethylene
a?:(%lwa% té%b(é@&&yé&!g@?ﬁ%@hé ¥I%) I’?&?%ﬁg’ etlpeql %ﬁ%ﬁ)&a{ﬁ){)h eq%eoctyiphenyl
pol VB@(y@'l‘HW%W@d%@d%ﬂpﬁh‘é Ag¢lylenic H@iﬁ,, aatld lyiktores theceofe

adduct s 19f ap@! ﬁ/rbé‘égs(bfgla% rwihdn A hsNiGR dr I@Sﬁfm‘ﬂfm zdlite is

The process of claim7 wherein the titaniumo
vanddtiumslisglit®te is titaniumsilicalite. 15 14. The

1process 10f  Cirad prodeseloe E@inn7 Waeret tﬂfa blfih & ACLe; Slfin.
ol efi n. 15. The roc SS, O erein the olefin

is pr op))?en hejgo Qfsﬁ@ B'?%é&’g'e@fn P Qe ¥ RIRRY RS,
reacti onéof Tﬂeebnonesa;ndf tiyidr mgﬁmrelpeézs:o{lbde)fIcﬁeﬁpediffdomym@ben

wnt SR e RANES el LA UG (P ORI KRR o ater

17. Cﬁﬁealmmﬁe@zoﬁn@nmwﬁhmf ei n the hydr ogen

oper oxi dezi s Fof grecksR¥s ci'éﬂﬂ?? WRerhd e ﬁg@'ﬁgérpﬂ%r?;ide is formed by
nobl e net al

hydr ogen _and oxygen in the presence
catBf Yy situ 1gactiqh gf bv@e@%rsa OgaN 1N $e AreseRIeNOft haoble metal
nobdgaiyeet al catal yst conprises a noble netal and a

support.
PP 18 The process of ‘claim 17 wherein the noble metal catalyst

comprises a noble metal and a support.
25 19.  The process of claim 18 wherein the noble metal is selected from
the group consisting of palladium, platinum, and goid.

20.  The process of claim 18 wherein the support is carbon, titania,
zirconia, niobium oxides, silica, alumina, silica-alumina, tantalum oxides,
molybdehum oxides, tungsien oxides, titania-silica, zirconia-silica, niobia-silica,

30 and mixtures thereof.

21. A process for producing an epoxide comprising reacting an olefin,
hydrogen and oxygen in the presence of a noble metal-containing titanium or
vanadium zeolite comprising a noble metal and a titanium or vanadium zeolite,

wherein the titanium or vanadium zeolite is produced by reacting a fitanium or
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25 19. The process of claim 18 wherein the noble netal
is selected from the group consisting of palladium

pl ati'num and gold. 20. The process of claim 18

wherein the support is carbon, titania, zirconia,

ni obi um oxi des, silica, alunmna, silica-alumna, . .
tantal um oxi des, ol ybdenum oxi des, tungsten oxides,

ti tmaﬁumldompaunczlarsﬁl%h %o@rlcé i a(lt%mplﬁ’tlﬁ@ la@elﬁl 4 hﬁcﬁocart;’zﬁ and a

JLhere od

e poaots 3 PR SR ald 1ong B S ERnHS o Ashen et
oxygen Ra t h'ﬁlemremaoéclaifn 21 wodrkie tmmahlumo;mwaham;umgzeohte s
tltﬂghMﬁgmgmﬁganadlun1zeoI|te conprising a noble netal

nd a titanium or vanadium zeolite, wherein the
i i tani ug$.or Ngrradéasmor eaini Z‘ewm@elprﬂmd@lebd:skaﬁf@ﬁmﬂmg a
titaniupyor T : rce,
tenpl ati ng arﬁﬁ¥¥&§§6¥grodgfﬁﬂggqgw%mgh{%ur#ﬁ%ﬁgn
a tenpefat ur eaFPTGCEfS@rOfé"ﬁtlmr?é wiigrein seagiion 1oh oG, rhyarogen and
| @GYérblk peifevead i &-sollBAt é%[é@?e%s’fﬁ)npfhegr@jpreoa%st‘(%%’f Waﬂ%r Cs-

t he tltap um.or vanadi um zeolite is titaniumsil

cal G4 gigpho % 512”¥Wén%W5%@§§eﬁﬁ cl aim 21 wherein the
olefinis a C2-C6 olefin. 24. The process of claim?21
wherein the olefin is propylene. 25. The process of
claim 21 wherein reaction of olefin, hydrogen and
oxygen is perforned in a solvent selected fromthe
group consisting of water, Cl- C4 al cohols, C02, and
m xtures thereof. 16
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