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Thi's invent iyygoig2hadt es to propyl ene epoxidation processes cagayl
mai nt ai ni ng high yields of propyl ene oxide over an extended per (%ngig?égi ne.

Propyl ene and an active oxygen species are reacted in a liquid phase in the
presence of a heterogeneous epoxidation catalyst under conditions of

i ncreasing tenperature and pressure to conpsensate for the gradual
deactivation of the catalyst. Periodic regeneration and/or replacenent of

the 10 catal yst once it i1 SPROCESSNPER EPOREIATEONTOFPPROPYUENR) t he desired
| evel s of active oxygen species conversion and epoxi de selectivity is

practiced. BACKGROUND OF THE | NVENTI ON Over the | ast several decades,
different types of insoluble subst found to be highly
active and sel ective catal ysts forﬁﬁm%mrﬂmﬁ@x such as propyl ene
to epoxides such as prTiisimention relatesto propyiéne epoxigation prcesses. capablectfass
of such cat\%ysts I%'u'dejﬁt he, ti tafnl um si | ;?gialél tes such as TS-1 a %ﬁéher
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eferrod to as RGN, PR AR, Bifesiie o' BPARSEIR Toti% Gofleng
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Al t hough het er ogeneous epoxi dation catal ysts typically ex

activity antOsel eeatalystgnagibis na lesgercanabimeteroviding thel desinad devela pbactivakes
D Targe scal o conPiebrERR ctitvefiion brberth SRl biaiell ¥ CasCne
an epoxi dation process nust be capable of being operated over an 30
Fegener at|on nethods Tor such BAGKGROUNPORTsENVENTRRE be N gniy "
Over the last several decades, different types of insoluble substances

15 have been found to be highly active and selective catalysts for transforming
olefins such as propylene to epoxides such as propylene oxide using active
oxygen species. One class of such catalysts includes the titanium silicalites
such as TS-1 and other zeolites having titanium atoms in their framework
structures, which work well where the oxidant is hydrogen peroxide and the

20  olefinis relatively small. See, for example, U.S. Pat. No. 4,833,260. When
the active oxygen species is an organic hydroperoxide such as ethyl ben-
zene hydroperoxide, the use of porous amorphous catalysts such as those
commonly referred to as "titania-on-silica” is preferred. Olefin epoxidation
using such catalysts is described, for example, in U.S. Pat. No. 4,367,342.

25 Although heterogeneous epoxidation catalysts typically exhibit high
activity and selectivity when freshly prepared, gradual deactivation takes
place simultaneous with epoxidation. This problem is particularly acute in
a large scale continuous commercial operation where, for economic
reasons, an epoxidation process must be capable of being operated over an

30 extended period of time while maintaining high yields of epoxide. Although
regener-ation methods for such catalysts are known, it would be highly



2 advant ageous to devel op procedures whereby the interval between
regenerations is extended for as |ong as possible. Regeneration requires
t hat epoxi S PYM4HL interrupted for some period of time suf RGIVER9BOING6
effect catal yst reactivation, thereby reducing the effective annual

capacity of a 5 commercial plant. The deactivated catal yst could
alternatively be replaced with fresh catal yst, but the sanme practical
di sadvantages will result as with regeneration. Additionally, catalysts of

this type tend to be relatively costly angl it would be desirable to
mnimze the quantity of fresh catalyst which is needed to supply the

plant. 10 SUMVaBYafEgEbls | &VidsTeidl Aroceduses dvherebydttie rintepeilabbiien
propyl ene oxi de process has been di scovered conprising: (a) contacting
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active 25 oxggeneration; i Additionally; natalystcof thisstype tendytacbe relatively costiy ene

Funct 1 oni g as 20 BsiE B dfiab o TRmEs T gtRERY A ReRBRARN Vs o1 e i n
during epoxi daheeded Basuppiyitae blartr ef erred active oxygen species include

hydr ogen peroxi de, organi c hydroperoxides, and precursors thereof. For
exarrple,1 drogen 30 per oxi de or an organi c hydroperoxi de may be

supplied as such to the SUMMARY OF THE INVENTION
A improved method for operating a propylene oxide process has been
discovered comprising:
(a) contacting propylene with an active oxygen species in a liquid
15 phase utilizing a heterogeneous catalyst at a temperature and
pressure effective to obtain at least a desired minimum yield
of propylene oxide; and
(b) increasing both the temperature and pressure in a manner
effective to maintain a substantially constant concentration of
20 propylene in the liquid phase and to continue to obtain at least
the desired minimum yield of propylene oxide.

DETAILED DESCRIPTION OF THE INVENTION

In the process of this invention, propylene is reacted with an active

25 oxygen species to form the corresponding epoxide (propylene oxide). The
active oxygen species may be any compound capable of functioning as a

source of the oxygen atom to be transferred to the olefin during epoxidation.
Particularly preferred active axygen species include hydrogen peroxide,
organic hydroperoxides, and precursors thereof. For exa{'nple, hydrogen

30 peroxide or an organic hydroperoxide may be supplied as such to the



3 epoxidation zone or may be generated in situ during epoxidation. It is
generally preferred to operate at a nolar ratio of active oxygen

speci es: proyPyI@dsi n the range of from1:1 to 1:30 (nore pr @CTERDSG3966 r om
1:5to 1:20). As will be explained in nore detail |ater, however, it is
critical to 5 mai ntain a substantially constant concentration of
propylene in the liquid phase. The hydrogen peroxi de which may be utilized
as the oxidizing agent nay be derived fromany suitable source. For
exanpl e, the hydrogen peroxide may be obt®i ned by contacting a secondary
al cohol such as al pha- 10 met hyl benzyl al cohol, isopropyl alcohol,

2- but anol, or dy@*lammemmymém@te@mdmm poxidationl ons effective

to form an oxidant m xture conpri sed of secondary al cohol _and hydrogen

per oxi de (and/ or hyuﬁ%gene:@@vmefegesrt@m@ﬁsgta W’ﬁt“l’? achineOx9eBxi dant
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‘structure: [er
comprised of secondary alcohol and hydrogen peroxide (and/or hydrogen

peroxide precursors). Typically, such an oxidant mixture will also contain a
ketone such as acetophenone, acetone, or cyclohexanone corresponding
15 to the secondary alcohol (i.e., having the same carbon skeleton), minor
amounts of water, and varying amounts of other active oxygen species such
as organic hydroperoxides. One or more of the components of the oxidant
mixture such as ketone may be removed in whole or in part prior to
epoxidation. Molecular oxygen oxidation of anthrahydroquinone, alkyl-
20 substituted anthrahydroquinones, or water-soluble anthrahydroquinone
species may also be employed to generate the hydrogen peroxide.

The organic hydroperoxides usable as the active oxygen species in
the epoxidation process of this invention may be any organic compound
having at least one hydroperoxy functional group (-OOH). Secondary and

25 tertiary hydroperoxides are preferred, however, owing to the higher instability
and greater safety hazards associated with primary hydroperoxides. The
organic hydroperoxide preferably has the general structure:

R1
|
COOH

|
R3
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4 wherein Rlerr], Rerr] and Rlerr] are the sane or different and are ~
sel ected fromthe group consisting of hydrogen, (ferr]-Cerr] alkyl (e.g.,

met hyl , ethwbsmidasityl) and Clerr]-Clerr] aryl (e.g., phenylpcakkglozoss
substituted phenyl), subject to the proviso that not nore than one of
Rlerr], Rerr], or Rerr] is hydrogen. Exenplary organic hydro- 5

peroxi des include t-butyl hydroperoxide, t-anyl hydroperoxide, cunene
hydr oper oxi de, ethyl benzene hydroperoxide, cyclohexyl hydroperoxide,

met hyl cycl ohexyl hydroperoxide, tetralinj,hydroperoxide, isobutyl benzene
hydr oper oxi de, ethyl naphthal ene hydroperoxide, and the |like. M xtures of
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critical. Cenergroup copeisting ®f hy@fvgent Cao,oatkyile.d.! | Ogthyll toatylangi ght

percent are suiéa | e. The optinmum concentration wl epend upon the active
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oxygen speci es RIVIP Sy dhenyh allyl subsituted phemd) subje he prvisq that d

phase propyl en | n ty g :

speci es: pr opyl g?l%%ng@;réﬁtgtn%b,f @ﬁgg‘g&?ﬁgrﬂy@% s%é'an 8[33(5' 'cp%qsrg' active
oxygen speki es paroxidesriaciude tibutyl bydroperoxide, visamylobgdropbroxide) gtumerie t he
reactor due to thg reactjon,of the active oxygen specjes .as jt passes
through the red&‘ﬁ?p%ﬁ"x ﬁeﬁtwl rm@f'?dwdg‘?p?_'ﬁgl_déd(? F’Pbﬁ’&flwgp?@?- of
active oxygen Srﬁemyeéy@éAh%M h9aRpErdiddd) tt?tréﬂlﬁ M&o@&%ﬂ@fé&hﬁﬁ beAZshe

addition). 20 I'stingui shing feature of the preserdt Invention is
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15 species:propylene molar ratio, among other factors. The liquid phase active
oxygen species concentration may, of course, vary over the length of the
reactor due to the reaction of the active oxygen species as it passes through
the reactor or the introduction of the additional quantities of active oxygen
species at different points within the reactor (staged addition).

20 A distinguishing feature of the present invention is that the
concentration of propyiene in the liquid phase at a given point within the
reactor is maintained at a substantially constant level during operation. The
temperature at said point is increased over the course of the epoxidation in
order to keep the epoxide yield at or above the desired minimum level. The

25 propylene oxide yield is a function of both conversion and selectivity.
“Conversion” as used herein refers to the quantity of active oxygen species
which is reacted in the course of passing through the reactor compared to
the quantity of active oxygen species introduced to the reactor. “Selectivity”
as used herein refers to the number of equivalents of propylene oxide

30 produced per equivalent of active oxygen species reacted. The percent



5 "yield" of propylene oxide thus may be cal cul ated as conversion (in %
tinmes selectivity (in 9% divided by 100. For exanple, where the hydrogen
peroxi de cEREYYEh i s 98% and the propyl ene oxi de sel ecti viPCT/ERs@is¥s t he
yi el d of propylene oxide is 83.3% One of the objects of this invention is
to operate 5 t he epoxi dation such that the yield of propylene oxide is
at or above a certain m ninum val ue deened acceptable froma comrerci al and
econonmi ¢ point of view Were the active oxygen species is hydrogen
peroxi de and the catalyst is a titaniumchntaining zeolite, for exanple, it
Is particularly desirable for the propyl ene oxide yield to be 80% or

hi gher. Were t‘y’n{d‘lﬁf propylene oxidaxthgs mayrbeccaiculated ais congersion (iny%) tirrisoxi de
£0 ach eve & peoyRArd BividrAdd ar axaptie, siare ke ydiogan batoxEec ous
catal yst is usggniérsicH Bl o8% Mé%bﬂg?? Bxﬂeﬁ%&gﬂﬁ?Bﬁoﬁf?geld e Wil

exhibit a gradual loss I1n activity as ecte tlecrease in
active oxygen bropyiene axide i 83.3%. UOoe of thegibjects stthioinventioh isitoruperstene

decline i | gct i Vi b d time, T te, f
Catal yet Heact FoeRidatiisuBhiaife YREFEASTaREn® XIS 52ty SBPURa cartan ne
active oxygen Fiifiueh valle deemeracstptdblé frenPs g§ ﬂfe@cigl‘ ﬂdﬁ%&i’drﬁi& t int! S

increased. The tenperature increases may be perforne er a
continuous or PhYie¥reNVhgretherative mxygen spesies i hytdrogenparoxide endsthe

I ncreased may | ral g wdl e € I,ng..upon_the

deacti vation cﬁgtrag:%tz{rgi Etf“@@ﬂf&‘%ﬂgﬁg@gﬁ%@arf@p@@%@ i 8ng59§ftl§maﬁt¥i ng
utilized. Sincdesinabledfoetié prépylénd brideofieMetohey 80% 6PRighes. VWRéEreSthes

t enper at yre dependent, this will lead to an increase in conversion so the

25 ddg red ERIVISPSPErieRds a3 Prganig hydioraraxide and thacatalystis titaniasr
exceede Ve yRLsilidd, tnéialraé‘&s é%ﬁabf?"érpéor?@?%sé%\}ﬁ‘g HEW"H?S%@?

tenperature results I'n a'l ower proportro he prop
vol atil e ol ef i yielcbef atjeast8@oved in the |iquid phase within the reactor,
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dependent uponcbinUBUEProeass, aokill\exhibit'® §fadual loss in activity as reflected in a
15 decrease in active oxygen species conversion under a given set of
conditions. Some decline in selectivity may also be observed over time. To
compensate for catalyst deactivation, the temperature at which the propy-
lene and the active oxygen species are contacted in the presence of the
catalyst is increased. The temperature increases may be performed in
20 either a continuous or incremental manner. The rate at which temperature
is increased may be either linear or exponential, depending upon the
deactivation characteristics of the particular epoxidation system being
utilized. Since the rate at which the active oxygen species reacts is
temperature dependent, this will lead to an increase in conversion so the
25 desired minimum propylene oxide yield can continue to be met or exceeded.
However, it has been found that increasing the epoxidation temperature
results in a lower proportion of the propylene, a highly volatile olefin, being
dissoived in the liquid phase within the reactor, particularly where the reactor
is a vaporizing reactor. This, in turn, has a detrimental effect on propylene
30 selectivity since selectivity is dependent upon the propylene:active oxygen
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6 species nmolar ratio within the Iiquid phase. By increasing the pressure
within the r@@g%{ ?i mul t aneously with the tenperature, however, the

propyl ene con “ioninthe Ii qui d phase may be mai nt ai nedPCIVERSS/03966 al | v -
constant so that the selectivity is inproved and the propyl ene oxide yield

still attained. 5 The tenperature, pressure, and liquid phase
propyl ene concentration ranges selected for use with the present invention
wi |l vary somewhat dependi ng upon the catal yst and active oxygen species

enpl oyed. For exanple, the desirable tenpdiature range is generally
somewhat |ower using a titaniumsilicalite catalyst and hydrogen peroxide
(e.g., 40[err] CSRerigpmplargatio withiatheliquid phase. By increasing|the pressure within and

or gani ¢ hydrope ' L] 80C tq 130C) although overlap of
thgse ranées Ps{r%‘é%% eﬁnﬁkéﬁéﬁ &ﬁh&gﬁﬁgmﬂﬁ(}gr% MQYPf'ir}'g?gﬁr@Prﬂ@Pﬁt Er es,
wher e t enper at ucencentration bﬁthe\rnqpid;ﬂ?asleemﬁy!be%aiﬂta‘iﬁé’&é@lﬁétaﬁ‘fiélig domstamt! v be
the | owest tenpergt e(sg al,vx/m_ch the desired mninmumyield O0f propylene
oxi de can be ob?%ﬁ'ﬁgh?e 1s imprqved and herrsepilenaoxivie yield stillkattaineet: ni ned
by the tengerature(s ' b I ] Bl | ene _oxi de,.yield
c)a/m no Iogger be sﬁs?é?{r‘?é'\c‘}“ d‘é@r%,gﬁle %ﬁ%’a@fbﬂl@u@%ﬁﬁweﬁ]ﬁﬂ%ﬂﬁ?g@ ective
deconposi tion ofanges sslected forusenwithahegsresent invgntor Wil vapaebmewhaef the
desi red epoxi de . TyRical | t he, di f.f erence between the initial

t enper at u_Pe a_ndd%w%'i%]woéghe caﬁé“ﬁe?’éﬁ Vg pXygen gpacies emplayed-e F8I whi ch
regeneration i sexarplel @8 desirhbleSietipdrafié réﬁﬁ"éé gghé'ku?%o%é%ﬁﬁ&rlo%?”

40[err]C and in nmany cases &i‘e:;ﬁeci al'ly where t1ve®oxygen species is
hydr ogen per oxi #éngadtaniums ¢ catalyst and hydiogempendds (e.g1g40°€%0i805C) no

T the 11 a8t " en Vel & B4NRRGn SITEY calily st anlleFuriit RopSinxidl: e (NEB. copt
substantial |y cfengs 80fCduct30°C} althougie ovbriad of gisee :!éﬂ?b@'is pYESiBle MhheM | |
typically be in, thﬁﬁ rane&g of fr,qg%labout 20 to 60 weight percent. Lower

concentrations WtEhIEMAALe (ofdai ldemperatures owhere jemperatijes isetaripd aver
and the vatalyororengiurs fealtorriliorElBe MBS et iR iR, 1
constant” in thihe desireskminimum yield: of peopylene oxide can be obtained. The
15 maximum temperature(s) will be determined by the temperature(s) at which
the desired minimum propylene oxide yield can no longer be sustained due
to increasing competition from non-selective decomposition of the active
oxygen species and sequential reactions of the desired epoxide product.
Typically, the difference between the initial temperature and the final
20 temperature (i.e., the temperature at which regeneration is required) will be
at least 5°C but no greater than 40°C and in many cases (especially where
the active oxygen species is hydrogen peroxide and the catalyst is a
titanium-containing zeolite) no greater than 25°C.
As discussed previously, the concentration of propylene in the liquid
25 phase at a given point within the reactor will be kept substantially constant
over the course of the epoxidation cycle and will typically be in the range of
from about 20 to 60 weight percent. Lower concentrations within this range
{e.g., 20 to 40 weight percent) are generally preferred where the active
oxygen species is hydrogen peroxide and the catalyst is a titanium-
30 containing zeolite. “Substantially constant” in this context means that the



7.propy|ene concentration varies no nore than about 5 weight percent (plus
or m nus) 8ﬁ$’i2é£|Ute basis froma given value, with variations of no
nore than a 0 i ght percent (plus or mnus) being pref ePFEEPISI3266

i quid phase propyl ene concentration may, however, be different at
different 5 points within the reactor at any given nonent, as may be
desirable to effect volatilization of the propylene and/ or propyl ene oxide
and renove all or a portion of the heat of reaction generated while passing
the |iquid phase through one of the reactifon zones (e.g., individual fixed

beds) within th&p&gé%or Bﬁ"%’épfb lg-mh?fi 5 ssur&q&tq&/\lﬁé{g&ﬁ t he Wxi dation
process i s oper conce yaras t fﬁ%‘g
e At 3" ki i) orf R et %%sfseﬁaﬁraagy{eﬁ Vatud, Vit §8RakorlsO6f REATP! €.

the pressure nust cor espon be I’ ncreas mai'ntain a l1qurd phase
propyl ene concemoratham about i waghupencent (pits or cninus)abeing \prefertede 'ﬁhea

P 15 h b
Sbout 5. 0356, ok PR3y BEPYNE chaPaniAton MRk haNeYEr e JiiEn B agaRt
purpose. |§ desp 6|ﬁ$w?1|ﬁ%é’@&&dﬁ‘fa?&lﬂlvbh eiit, BE nidy e ésifble fdeffétd

epoxi dati on process of ‘this invention™in order o dISSO ve the reactants
ot her than the velatiizajionafike prepyisna and/or prepyiene oxide andtremnyveaallera

el cctivities. RALRDOR teiHeqtiof Battfy Snbipled Wi Jspg 8 [id hase o
percent of the th%@éh ope>dafdhéireactictp2éney (619 indididasaldised] beds)owithith)the
sel ected such that is aliquid at the epoxidation reaction tenperature.

Organi c conpounf??‘*@'\/l ng boiling points at atnospheric pressure of 25

from abouyg25[err] C 4 é Fé & %ﬁ&ﬁﬁ%}%ﬁdét%rxWt@éé%%r:%pér%ie&@’selé:c’gf

propyl ene nay serve as ven Fustrati1 ve exanples of other
sui tabl e sol venbasechoth ﬂtkatenmﬂratareand)prdpylemmncentratwbwmsh aee gmplayedt one

cther) . “nitri | oh8 npSRlRl GRSk SSpls e reirt FRR EFCSHREIE Lons
(e.g., ethyl beBéQﬁ&eased to maintain a liquid phase propylene concentration which is
substantially constant over time at a given point within the reactor. Pressures
16 within the range of from about 150 to 1000 psia are usually sufficient for such
purpose.

If desired, a solvent may additionally be present during the epoxidation
process of this invention in order to dissolve the reactants other than the
heterogeneous catalyst, to provide better temperature control, or to favorably

20 influence the epoxidation rates and selectivities. The solvent, if present, may
comprise from 1 to 89 weight percent of the total epoxidation reaction mixture
and is preferably selected such that it is a liquid at the epoxidation reaction
temperature.

Organic compounds having boiling points at atmospheric pressure of

25 from about 25°C to 300°C are generally preferred for use. Excess propylene
may serve as a solvent or diluent. lllustrative examples of other suitable
solvents include, but are not limited to, ketones (e.g., acetone, methy! ethyl
ketone, acetophenone), ethers (e.g., tetrahydrofuran, butyl ether), nitriles
(e.g., acetonitrile), aliphatic and aromatic hydrocarbons (e.g., ethyl benzene,

30 cumene), halogenated hydrocarbons, and alcohols (e.g., methanol, ethanol,
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30 cunene), hal ogenated hydrocarbons, and al cohols (e.g., nethanol,

et hanol , ‘§ i g&gr%pyl al cohol, t-butyl alcohol, al pha-nethyl benzyl
al cohol, cyc SR |). Where the catalyst is a titanium sil iRCAVERIS/0IR6E t he

active oxygen species is hydrogen peroxide, the use of alcohols as solvents
Is preferred (nmethanol and isopropanol being particularly preferred). Such
reaction systens can 5 al so tolerate substantial quantities of water

wi t hout detrinental effect. If an organic hydroperoxi de such as

et hyl benzene hydroperoxide is utilized tog@ther with a titania-on-silica

catal yst, then |t isygreferred t hat the hydro- carbon corresponding to the
hydr oper oxi de ( 89BroPytalgohol khutylalisohal, Qlﬂéaﬂ'lﬁ“&' kenzyl ialeohol, gyelnhexansl). bei ng

e 1y e it fle chfbivet s a ttanilh? sfiBtift kR, (RETHCAVE Srlde Radibl s |
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e]|cooxi dat : on reabydmgelnipemxidegm l%sa)ﬁbéleobtlblsmtsdlwwiﬁ i‘eﬁeﬁe@@éﬁa;ﬂi on
of propyl ene to_propyl ene axi de. ch catal ysts, aré well-known in the art
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of this invention. Illustrative catalysts inc t1tani um contal ni ng
mol ecul ar si eve8raanierhysreneroxidecsuchs asf ethylhienzene shydroperoxidenis udilized

titani um at ons | f ' f the silic atgns, in the
lattice fr ammﬁg%s’?@m%te{&%ﬁgﬁ}&@%%%%g then it IS %ﬁeﬁeg[}hﬁiﬁ? erred
titani um cont ai barbonrooitespdiding tetteshyidrspereide (&.g/Teling BeAzerfd) Beassedpaaron! y
referred to as !'TS-1" (having an MFl topol ogy anal ogous to that of the
ZSM 5 al umi nosi thecsf @tha@rmwtawmg%vemlude,410,501), "TS- 2"

havi ng aggMEL t opol ché‘N ; ] L dsl e
geo?/: tgs) '10 TS 3" Io( agﬂ%escr |sggwor¥e§é{‘ lgl?é aﬁ%gbmﬁoﬁwés%g&%éﬁ%
"TS-48" ( ?avkln gwhich_SMn?h.lhie hnbeﬂiquidmhéﬁé'bfﬂze?épd)ﬁdaﬂong’e_aqidﬁ Wﬂt?(@arlld
structure). sQ sui,table for use are_the titani umcontaining nol ecul ar
si eves havi ng fF%'FFLél?/\BPECQ ¥ring thetranstormation afemﬂ%'aﬁiqer% SQXidR| | as

t Q?_smat eri al ssuericatiysd aré WellknownSinthd3art ané hiay'be of @' crysfaliine?@d.,
zeolitic) or amorphous character.  Titanium-containing catalysts are

15 particularly preferred for purposes of this invention.

llustrative catalysts include titanium-containing’ molecular sieves
comprising the class of zeolitic substances wherein titanium atoms are
substituted for a portion of the silicon atoms in the lattice framework of a
molecular sieve. '

20 Particularly preferred titanium-containing molecular sieves include the
molecular sieves commonly referred to as “TS-1" (having an MFI topology
analogous to that of the ZSM-5 aluminosilicate zeolites; see U.S. Pat. No.
4,410,501), “TS-2" (having an MEL topology analogous to that of the ZSM-11
aluminosilicate zeolites), “TS-3" (as described in Belgian Pat. No. 1,001,038),

25 “TS-48" (having a ZSM-48 structure, and “TS-12" (having an MTW-type
structure). Also suitable for use are the titanium-containing molecular sieves
having framework structures isomorphous to zeolite beta as well as those
materials designated “CIT-1", “SSZ-33", “ETS-4", “ETS-10", and “Ti-MCM-
41". The titanium-containing molecular sieves preferably do not contain

30 elements other than oxygen, titanium and silicon in the lattice framework,



41". The titaniumcontaining nol ecul ar sieves preferably do not contain 30
el ements ot her than oxygen, titaniumand silicon in the lattice framework,
9 al t hough WO{4founts of boron, iron, alum num and the |PRKEERSOIBES
present. Titani um containing nolecular sieves usable in the present process
are sonetines variously referred to by workers in the field as "titanium

silicalites", "titanosilicates", "titaniumsilicates", "silicon titanates"
and the like. 5 Ti t ani um cont ai ni ng nol ecul ar si eves suitable for
use in the process of this invention will Sgenerally have a conposition

corresponding to the follow ng enpirical formula xTierr]:(1-x)SiJ.err],
where x is bet vitithpughominoraamroyntsool bamne ifane alAIGUN, m%m ay;be s

fromO0.01 to O. 1) s b ik laial | of
the titani um cdnt glerr'ltl' 2@3%@%{'@'{'@ @@'ee%?"??fﬁ\’gsg"g%‘\vézﬁ Wageoi%éi {) *r ognﬁ 9.5:1
toI I99: 1 (rmlslt paref sum_btimesfvammﬁlyﬁrelfeﬂecli 40: by woklargdn nbeeﬁeldrmsobl ;gtiianiua) as
wel |l as small paqre (m, croporQus ecul ar_ sieyes _are suitahle r use.

Ot her suitable @M&St%ﬁﬁ@#ﬁ%@#@ %ﬂ!ﬂ?ﬁ?s\én@@@'é as ﬁ@déﬁei'*sf gani ¢
oxygen conpound of stk . ' ' [ ﬁacpﬂb 1 | ni c
oxygen corrrr’f;ound of ?T '%éarﬁ%rﬁd?‘ t@ﬁg‘?’@'ﬁ"ﬁ%‘@“@%ﬂy rozdls*d'gébo%ﬁthietﬂa{g% . The
i norgani ¢ oxygeof thisrinuentionfwilli generally have ractemabsifios cdniespandinghta the

el Paval ant c1 pwine erfengdpBniadiGRCL S, SR S Beber o o anet o

tetraval ent ti ttg

titani um contai pgdoi Mdrdpréferably, the VANIBRF kiis REmA01 BL0M25! The MBlar rafivit
general ly the catal yst cogpsmlon contai ns, based on total catalyst

conposi tion, atof&izdin thei! frameyerkof the titapiumrcantainiag molecular sisve v ut

about 0. 30 0o, oadyitelincnSl femy 5 lo 8617 BrSehatiy “RAmPERLTHS BT,
type are wel | - kiarge poret (mesoporous) as well eascsmbit ghoré gmickbporous) amgiéeular n

U S. Patent Nos., 4,367,342, .4,021, 454, 3,829,392 and 3, 923, 843, European
Pat ent Publ i cat PIEVCREE S‘G%H,“@MS%G, 0492697 and 0734764, Japanese

Kokai No. 77-07,908 Gffhgrauitabi eatakyst Empasitions hre substances comprising an

inorganic oxygen compound of silicon in chemica! combination with an
15 inorganic oxygen compound of titanium ( e.g., an oxide or hydroxide of
titanium). The inorganic oxygen compound of titanium is preferably
combined with the oxygen compound of silicon in a high positive oxidation
state, e.g., tetravalent titanium. The proportion of the inorganic oxygen
compound of titanium contained in the catalyst composition can be varied,
20 but generally the catalyst composition contains, based on total catalyst
composition, at least 0.1% by weight of titanium with amounts from about
0.2% by weight to about 50% by weight being preferred and amounts from
about 0.2% to about 10% by weight being most preferred.
Catalysts of this type are well-known in the art and are described, for
25 example, in U.S. Patent Nos. 4,367,342, 4,021,454, 3,829,392 and
3,923,843, European Patent Publication Nos. 0129814, 0345856, 0492697
and 0734764, Japanese Kokai No. 77-07,908 (Chem. Abstracts 87:135000s),
PCT Application No. WO 94/23834, German Patent Document No.
3,205,648, and Castillo et al., J. Catalysis 161, pp. 524-529 (1996), the
30 teachings of which are incorporated herein by reference in their entirety.



PCT Application No. WO 94/23834, German Patent Docunent No. 3,205, 648, and
Castillo e Catal ysis 161, pp. 524-529 (1996), the 30 t eachi ngs
of which a&gg#%%%%%orated herein by reference in their enti F&IEPISH3INEG The
I nor gani ¢ oxygen conpound of silicon is an inorganic siliceous solid
containing a major proportion of silica. Anmorphous (i.e., non-crystalline)
silicon conpounds are particularly preferred for use. In general, suitable
i norgani c siliceous solids are further c graoterized by having a relatively
| arge 5 surface area in relation to thHeir nass. The term used herein and

one normally used ip the art, to express the rel ationship of surface area to
mass is "specific slh®NAIARIELXYIRN mOMRUNdOf silicon isian ingraanie siliceausi | | be

g
d . ARYA ' [
o1 T coous a0l | DifconEihin fisfor BSHBHAIH 6fdiical amorsRBLE e, ndrbrybARngR 1 ©
preferably 10 silicarheompeunde ase particutaryupfeifered forauses in gendfal$uitablé g to
o1l cas. consi SHPHERRR siicRaUS S0IGs e Rt stactertad By havia ATaRtEL s e
Sii1cas consi s nKe
together §o thﬁﬁrféélﬁéréé"iﬁ“rél%iiafnitbethléir%lﬁ_§§a ﬁ%f%@n@%’é@%@@ﬁ%ﬁ one.

Representatives of such naterials are silica gel and precipitated s

These silica phremallysuseddntise art tp@xprass the retafionstip of sarface araa toupassr es,
voi ds, or intejfst] t out. .t hej ures...One e of .

het er ogeneous %at%ﬁc%ﬁc %&%%Lﬁ%ﬁl'y @&ﬁ%@'f 853?!@% ?ﬁﬁeaﬁ%éﬂntbe

i nvention is tékpressedassiquare metetd pergraneaY/gRl cBémshallp e inorganic

"Tigerr]/ (S _Fréch‘"), whi ch conprises titanium (titani ym di oxi de
supported on stiliceeusy¥olid hasa spegific sudacaarea ohat leasthmi/aand preferabiny be

in eithekgsil yiat ' ; Be, catal yst is
depl oyedran t h{eh%fﬁfrér%g%? Qg&@ﬁ{:(ggﬁ%g%ai or'%‘ﬁ gfjgf‘i tlag?bs@par ate fixed beds)
with the |iquid phaSuitahlerinorganic silicecusasolids incjyzieopynthetic potous silicas oxygen

Bhch oatal'yst SUIRIP BPaies et amprahout Slirs fosaneet dninkedipesiferss
het er ogeneous fhat @dyfBracraiftively dersd], dloselpddked masses. Representatives of
such materials are silica gel and precipitated silica. These silica products are
15 porous, in that they have numerous pores, voids, or interstices throughout
their structures.

One type of heterogeneous catalyst particularly suitable for use in the
present invention is titania-on-silica (also sometimes referred to as
“TiO/Si0,"), which comprises titanium (titanium dioxide) supported on silica

20 (silicon dioxide). The titania-on-silica may be in either silylated or nonsilylated
form.

Preferably, the catalyst is deployed in the form of a fixed bed (or a
plurality of separate fixed beds) with the liquid phase comprising the
reactants (propylene and active oxygen species) being passed through the

25 packed bed(s) of solid catalyst. Each catalyst bed may be considered a
reaction zone within which the heterogeneous titanium-containing catalyst is
contacted with propylene and the active oxygen species in the liquid phase
to form propylene oxide.  Epoxidation is conducted preferably on a
continuous basis with one or more feed streams comprising the reactants

30 being introduced to the reactor while simultaneously withdrawing one or more



contacted with propylene and the active oxygen species in the liquid phase
to form propyl ene oxi de. Epoxi dation is conducted preferably on a

conti nuousWe¥/#448 t h one or nore feed streans conprising t heERslssess 30
bei ng introduced to the reactor while sinultaneously w thdrawi ng one or
nor e 11 product streans conprising propyl ene oxide fromthe reactor.
Vapori zi ng reactors, wherein the heat of reaction is controlled by
permtting volatilization of propylene and/or propylene oxide fromthe
reaction m xture, are especially preferred for use. Reactors of this type

of fer significant cost advantages 5 over other types of reactors when
used for highl preuis Reeaime creprisig bropiler@bkide frdm thé P@acteR N VapbAgingy t he
exot herm c epoxi dati on may be renoved by ot her neans such as indirect heat

exchange (e.g. reactersi wgesin the-heas of ragctionds contrilled by pesmitting weolatilizatioom t he

t foll f l.ed .l i qui d h t . 10
The catal vt EoROBYIEER 4l ereP il S8 solrine eBiimbdye. §ro SRl s
Ser. No. 08(74preféfredifor ase.CcRad6tors?8f thi®§pe offérsigiifitantNost @vARtagéso
(filed Jaguarypigémﬁéw and EP 323663 may also be utilized if so _desired.

Each of tRe fo R feactpes when used Serchighly exsiharnic epexidatiens.n its
entirely. 1> Partofthe %@ﬁg%&%@ﬁ?tﬂé‘&x§tﬁ§ﬁféﬁ[ﬁp§3§2f5&%ﬂr y B8 reRfbvag?"

renoval neans sel ecte tenperature o ase” as | passes
t hrough each r bycthenmeanssuetyarindirect heatexrhang® ¢¢.gntcoalihg of postionstof(i . e. ,

the liquid phage tenperature is not significantly different frompoint to
poi nt al ong thé‘q Wﬁﬁﬂﬁe Wﬁ'éd'? q@ﬁﬁg@@%ftohg\gqu{ "Fﬁ!@)"fﬁ}eF i ng
all or nearly pglidphaeBeo fiedfeatfor). Of reaction or be pernmitted to increase
to a noderate degree (i.e., the liquid phase tenperature i s progressively

hi gher aflOdownst r ealthp sRtRNICiqenveder systams desasibedtin 4:St Rat. Noj §i466:836:

oAl e ot USSS8PNA oaralfienelfoubau, S NIRRT 1 Ber i Breee, o

For exanpl e, t (flediJanuary26;sk9973 apdrER 328663 yhdy aleo e utilRbd!if 36 desire)[ err] C

across an ind EagH %lf tr‘xsea o?'le gi%g %%%Ihmg%?s. i%rir?ggrggra%;d thgiresbyi t?)\'/ l?er:'te}ecr)trc]:e inits
entirety.

15 Depending upon the reactor configuration and heat removal means
selected, the temperature of the liquid phase as it passes through each
reaction zone may either be kept substantially constant (i.e., the liquid phase
temperature is not significantly different from point to point along the length
of the reaction zone at a given time) by removing all or nearly all of the heat

20 of reaction or be permitted to increase to a moderate degree (i.e., the liquid
phase temperature is progressively higher at downstream points in the
reaction zone than the liquid phase temperature at the point at which the
liquid phase first enters the reaction zone) by removing none or only a portion
of the heat of reaction. For example, the liquid phase temperature may rise

25 0°C to 40°C across an individual catalyst bed. The process of this invention
may be readily adapted to either mode of operation by increasing over a
period of time the liquid phase temperature and pressure at any given point
or points of the fixed catalyst bed. For example, upon start-up of epoxidation
the liquid phase temperature may be adjusted such that a temperature of

30 50°C is maintained at Point A of a fixed catalyst bed where the liquid phase



may be readily adapted to either node of operation by increasing over a
period of time the |iquid phase tenperature and pressure at any given point
or points OVO9P¥et488 xed cat al yst bed. For exanpl e, upon st ar tpcipEm®8/03966
epoxi dation the liquid phase tenperature may be adjusted such that a
tenperature of 30 50[err]Cis maintained at Point A of a fixed catalyst
bed where the liquid phase 12 is first contacted with the catal yst bed
and a tenperature of 60C is maintained at Point B of the fixed catal yst bed
where the |iquid phase exits fromthe catg yst bed. This rise in
tenperature along the catalyst bed is attributable to the exothermc

epoxi dat i on whisC irsktadtbACith YhefchaRsi 4ld ShdSa tenfrRAshirg bBORY is

permtted to increase the |iquid phase tenperature rat ei ng
conpl et el y r enma@intaingd ad RointB of thesfixetkcatalyst bedwhere thayliquid phade axits vat e

Cemmerarur oo JomuirncathidRl 68y TigHee, RieMieiatie. sitha 04 tatabatREd s ssc
and 65C, respesttibiRhble tb the'@kdthéiniic RBxiaaicY WARS tsxédsi@ﬁ»esé,%ﬁer%at%lpove

the 10 desired val ue. The, Er essure at Point A an pressure at Point

B (whi ch fay ofeagtign heingipenm dngrease thediquid phase tempesature mathenthan over

Poi nt A and poXsPIEFFREY fomblBa tlebdind RREnST RY 16 EARPR NGRS ke
remai n subst andeadtivateiovdranpedod bStime (typically)iays bhweeké)atheskquidphase

deactivated to, _an extent that, further, increases in tenperature fal|°t0
maintain the € 9&@@%?@%%@"#{@% %mayrhwpm%mgﬁ)x ipeeasgdie B5En from

non-sel ective g8 4@%@%%@%&%&*&&9&%@@&@?@% de gigmoé{t' ¢rébobe the

propyl ene oxide, the ‘epo nis interr neration or .
repl acen#@t of desitedvaluey Jheqressurd atiRainti ainditbe paessunel ab Poird 8 (hicine 20

t i t] ' P LWL | till ti .of
Bt opyl ene. oxi cibag o Tefbt e Bl el Rimiafit aRated yopraf dved i befiod
i ndi vi dual r eagf firhetelhatthediduid phasy Propyidrik€dhcentratibhe at PAIntA and
maxi m zi ng the qyanéL‘t%‘iof propyl ene oxi de which is produced between each

catal yst regenBPt; ch apaw Qs niay . Not, becdifferant i fiemepash eibedTes@ine tine
(i.e., Iengthegingattifily unchanged.

15 When the catalyst has deactivated to an extent that further increases
in temperature fail to maintain the epoxide yield above the minimum value
due to competition from non-selective reactions of the active oxygen species,
propylene or propylene oxide, the epoxidation is interrupted and regeneration
or replacement of the catalyst carried out. An important advantage of the

20 present invention is that it permits more complete utilization of a propylene
oxide plant by minimizing the number of times per year an individual reactor
needs to be shut down or taken off-line and by maximizing the quantity of
propylene oxide which is produced between each catalyst regeneration or
replacement. Increasing the epoxidation cycle time (i.e., lengthening the

25 period of time between catalyst regeneration or replacement) improves
significantly the overali efficiency of a propylene oxide process.

Regeneration of the catalyst may be conducted in accordance with any
of the procedures known in the art such as calcination, solvent washing,
and/or treatment with various reagents. In the embodiment where the

30 catalyst is deployed in fixed bed form, it is highly desirable to practice a



25 period of tinme between catal yst regeneration or replacenent) inproves
significantly the overall efficiency of a propyl ene oxi de process.
Regener at | O ¥¥01¥4fc cat al yst nmay be conducted in accordance REWEPIROIST t he
procedures known in the art such as cal cination, solvent washi ng, and/or
treatment with various reagents. In the enbodi nrent where the 30 cat al yst
I's deployed in fixed bed form it is highly desirable to practice a 13
regeneration techni que where the catalyst is reactivated in place (i.e.,

wi t hout renoval fromthe epoxidation readBor). This will, generally
speaki ng, further enhance the overall efficiency of the process by

m ni Im Zi n}g tha'erg]enemﬁonfted:hni%:e waemtﬁeeatalvsi isxieBetivated in place dies,ahml ithayitng t he
catalyst fromthe reactor and 5 . then rechargi it is typjca uite
ti me- consumi ng'fe"QHq? EBFE-'}'P&?&’FMPF6ﬁaageh%g’gfgﬁee@yls3’éﬁkm- e art’
and are descri i | [ I on
o, 3. 114536, S ANSSPhe AR Bicighcl AR Hoodis by BAmENG the BARUIL
Tokyo, p. 827, tifetiypreess isoftling Sncedischatgingthezatalpst frompmthegeaptor endal yst
is a 10 titaniumcontalning nolecular. sieve such as a titanium

silicali t@, It Qrﬁﬁﬁ?ﬁgﬂﬂ '!\ﬁ s’pgﬁ\ll}ﬁﬁf‘gﬁé'm'c‘?%mﬂpoy a regeneration

procedure wherein t8gitahledeyeherationdstintiqads are fefiidbM hafieairtarbdaargi th a
sol vent containing a source of anmmonium or al kali netal cations. Suitable

t enper at ur es i Geserthed; fier exampleoin dapanesesiaid:Qren Fatand|AnplicationNo. sl vent
[ f bl ta b ent 35,62 -

Wi bhat o al o836 Peledioers) Proc. 71 TR Zouiid chind, 1085/ Toldd:'s.
t-butanol ), wa8eT, BP 0748084;rand UiS.cRat, Nu. 5,626,085 Abherevthaleatalystisig t he

desired concentration of the cation source. The source of anonjum,or
al kal i ndPal cHianiia-cem{ainiag, Molesuiar: sieve, SHeh 23 %5@?6’“%@"% B8 £ or

exanpl e, an a | | REaH ' ' i
sul furic aci d”@g&g@@{#ﬁg@ ggﬁfouggézt?g‘rﬁ‘ ? lgcrleé,e ni traﬁ?yrg%%‘,}é%h r p't?atr'iede
acid, and the tatalystisrwashedhairan elevaied temparatugeiwithi alselventcontainingiat abl e

for use. Illustrative conpaunds this t | ngl Ly t ed
to, ammoni um h§8'fr8§ i é!“’ﬁ@'&ﬂ’mﬁfcﬂf‘%‘r & ,I %ﬁ?ﬁ%’s %H%Ptﬁ'ﬁ’g%@%qhﬂugg} fate,
pot assi um the range of from 125°C to 250°C. The solvent is preferably a relatively polar

156 solvent such as a C,-C, aliphatic alcohol (e.g., methanol, ethanol, n-propanal,

ST, LSOieE

isopropanol, t-butanol), water or a mixture thereof which is capable of
dissolving the desired concentration of the cation source. The source of
ammonium or alkali metal cations may be an acidic, neutral or basic salt such
as, for example, an ammonium and alkali metal sait of phosphoric acid,
20 sulfuric acid, carboxylic acid, carbonic acid, nitric acid, hydrohalide acid, and
the like. Ammonium and alkali metal hydroxides are also suitable for use.
lustrative compounds of this type include, but are not limited to, ammonium
hydroxide, sodium chloride, potassium nitrate, sodium sulfate, potassium
carbonate, sodium bicarbonate, sodium acetate, sodium phosphates, and
25 sodium hydroxide. The concentration of the salt in the solvent may vary
considerably depending upon the identity of the salt and other factors, but
typically is in the range of from about 5 to 1000 parts per million (more
preferably, 10 to 500 parts per million). The solvent is contacted with the
spent catalyst, preferably by passing the solvent through a fixed bed of the
30 catalyst, for a period of time effective to restore catalyst performance to the



carbonat e, sodi um bi carbonate, sodi um acetate, sodi um phosphates, and 25
sodi um hydr oxi de. The concentration of the salt in the solvent may vary
consi der abl WQi9®a#48i ng upon the identity of the salt and ot heCT/ERe%/a3965 but
typically is in the range of fromabout 5 to 1000 parts per mllion (nore
preferably, 10 to 500 parts per mllion). The solvent is contacted with the
spent catalyst, preferably by passing the solvent through a fixed bed of

t he 30 catalyst, for a period of tinme effective to restore catal yst
performance to the 14 desired level, tyygcally, fromabout 0.5 to 24
hours. The regenerated catalyst is thereafter reused for epoxidation as

previ ousl y descdedinsti lavelctypicalicirorm aboiit 0.520 28Uodss. OThe RegemeRied tapiysel kal |
nmetal cation source unexpectedly provides catal ysts which nore quickly

reach hi gh epoxisdbetgafiereeused fomepoxidationaspreviously descrihaskhergin. othe usgit i s,

sol vent washin L | g ' . f ' i gh
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EXAMPLES 15 lengep beriad ptoperatianithan isthewasewharpregedetation isperfoonedict ed
in a three stage jeactor (spinning basket .CSTR fallo by.two fixe ed
actor sy ust noinhg piedince abtna ke ol clions. Faneking BatneiEfione

16. 5 wei ght % Obr fRaplkicearentiof texeatalyst) epoRidafidn iy RMifhtedan AEcorduhoé €
(spi ked with | ow |evels of 20 organic acid inpurities) and TS-1 titanium

silicalitd0(10 WithdheJoragojnadeseriptiopivhereintemnaratire andprassurgaare hathy

noreased 1 rom B eoes BT BRh offel e At esfeh BRI SYRERARNET I

t he hydrogen peogridede conversion at 98.5% The

EXAMPLES
15 Example 1 (Comparative)
Propylene epoxidation was conducted in a three stage reactor
(spinning basket CSTR followed by two fixed bed reactors) using a synthetic
concentrated isopropanol oxidate containing 16.5 weight % of hydrogen
peroxide in a 3.2/1 isopropanol/water mixture (spiked with low levels of
20 organic acid impurities) and TS-1 fitanium silicalite (10 g per stage) as
catalyst. The reactor pressure was held substantially constant at about 300
psia while the temperature was increased from 65.6°C to 71.1°C over 85
hours in order to maintain the hydrogen peroxide conversion at 98.5%. The
weight hourly space velocity was 0.54, based on grams of hydrogen peroxide
25 per gram TS-1 titanium silicalite per hour. A diluent, which simulates a
solvent recycle, was also fed to the reactor to dilute the hydrogen peroxide
concentration to 5.4 weight %. The diluent feed was a mixture of isopropanol
and water at a ratio of 6.3:1 containing 100 ppm ammonium hydroxide. As
shown in the following table, selectivity to propylene oxide based on hydrogen
30 peroxide decreased significantly as the temperature was increased.
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wei ght hourly space velocity was 0.54, based on grans of hydrogen peroxide
25 per ¢ titaniumsilicalite per hour. A diluent,

sinmul ates a so &Eﬁ recycle, was also fed to the reactor to dw%WP?&Pﬁﬁs
hydr ogen peroxi de concentration to 5.4 weight % The diluent feed was a

m xture of isopropanol and water at a ratio of 6.3:1 containing 100 ppm
anmoni um hydroxi de. As shown in the following table, selectivity to

propyl ene oxi de based on hydrogen 30 pegfxide decreased significantly as
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Example 3

Titanium silicalite catalyst which had been used for an extended period

of time in a propylene epoxidation process similar to that described in

20 Example 2 was regenerated by washing with the mixture of isopropanol and

water described in Example 1 as a feed diluent. A total of 210 g of the

mixture was fed continuously through 30 g TS-1 over 3 hours at 182°C. The

beneficial effect of incorporating 100 ppm ammonium hydroxide in the solvent
mixture was demonstrated as shown in the following table.

25 Type of Catalyst Fresh Regenerated Regenerated
NH, OH in Soivent? — No Yes
Epoxide Selectivity after 74 71 81

8 hours (%, based on

30 H,0,)

Hours to 85% Epoxide 80-100 80-100 20-40
Selectivity
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m xture was denonstrated as showr— the fTollow ng table. 25 Type of

Cat al yst resh Regener ; ated NH e H in

Sol vent? ™0 ?9‘,4:1:‘5? No ﬂgﬁlu“lu |||Wﬂmn|‘Epoxi de SE%%@??%W
after 74 71 ¢8 hours Y %* based on 30 H202)
Hours to 85% Epoxi de 80- 100 80- 100 20-40 Selectivity
16 | claim 1. A process for produci ng propyl ene oxide conprising (a)
contacting propylene with an active oxygen.l@peci es in a liquid phase
utilizing a heterogeneous catalyst at a tenperature and pressure effective
to obtain at Iea] .aﬁ?desi red m nimumyield of propyl ene oxide; and (b)

i ncreasing both the tenperature and pressure in a manner effective to

mai ntain a substantia.ly Rgrub*ee@lfomadaahgfptré s oxlde Rwhigingn the liquid
phase and to continue to obptain at | east the desired minimumyield of

propyl ene oxide. 2. The (B} ocesontactipg rapyiens withian adiive oxyasdgeeries in

Whereln the het eragencous cat al% oG EsE utfizing H foBfdifRpue cafiifeett |

claim 1l wherein the heterogenedempersdtale/and pressinpleffgetiva to obitainf atrleastia a
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manner effective to maintain a substantially constant
concentration of propylene in the liquid phase and to
continue to obtain at least the desired minimum yield of
propylene oxide.

2. The process of claim 1 wherein the heterogeneous catalyst is
a titanium-containing zeolite.

3. The process of claim 1 wherein the heterogeneous catalyst is
titania-on-silica.

4. The process of claim 1 wherein the heterogeneous catalyst is
deployed in the form of a fixed bed or a plurality of fixed beds within a
vaporizing reactor.

5. The process of claim 1 wherein step (b) is continued until a point
when the desired minimum vyield of propylene oxide can no longer be
achieved by further increasing the temperature and pressure, at which time
the heterogeneous catalyst is replaced or regenerated.

6. A process for producing propylene oxide comprising

(a) contacting propylene with hydrogen peroxide in a liquid
phase within a vaporizing reactor utilizing a titanium-
containing zeolite catalyst at a temperature and
pressure effective to obtain at least a desired minimum
yield of propylene oxide;

(b) increasing both the temperature and pressure in a



t he hetérogeneous catal yst is reptaced or regenerated. 6. A process for

produci ng propyl ene oxi de conpri Si ; ting propylene with

hydr ogen pwossrnetigsi n a |iquid pha#@ ““Iﬁiﬂmgml zi ng r eapppippbinsbéeZi N9 2
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titanium containing zeolite catal ekature and pressure
effective to obtain at |east a desired mninumyield of propyl ene oxide;
(b) I ncreasing both the tenperature and pressure in a 17 manner
effective to maintain a substantially constant concentration of propyl ene
in the liquid phase and to continue to qiptain at |east the desired m nimum
yi el d of propyl ene oxide; and (c) regenerating the titani umcontaining

zeolite catal yst when the tiﬁﬁﬂhﬂﬁbﬁ%wmimlégﬁgﬂg A4S Eo@antor mance

has declined to a point when the desi m ni num y d of propylene oxide
can no | onger be achi eved bycongentration of propylene imthe liguid phaseandto

pressure. 7. The process of _cl.ai m.6 erejn tJ tani i 0jr
zeolite catalyst is a titani %@Pi‘%&pﬁ%# lg_aétt}ﬁg dﬁ%ﬁ%ﬁgﬁiﬁﬁﬂt&ﬁl&m
wherein the desired m ni mum gieplyltndfoid@idene oxide is 80% 9. The process

of claim6 wherein the tenperatire during steps (a) and (b) is maintained
in the range of from 4 er r | t€genemiing thectitaniumuentainingezeolite qatalyst 6

from 150 to 1000 pia. 11 HneHy . Wenisedmafiid, Jdbhfe eaalfer 20° ©
concentration in the liquid péedormahseihas dectined taa pokat wWien the desimed20 to 60
heudt opel pent- 12 The Pr O gy im Sl B propyiene oxide can ho forger be ' °
achieved by further increasing the temperature and
pressure.
7. The process of claim 6 wherein the titanium-containing zeolite
catalyst is a titanium silicalite.
8. The process of claim 6 wherein the desired minimum yield of
propylene oxide is 80%.
8. The process of claim 6 wherein the temperature during steps (a)
and (b) is maintained in the range of from 40°C to 80°C.
10. The process of claim 6 wherein the pressure during steps (a)
and (b) is maintained in the range of from 150 to 1000 psia.
11. The process of claim 6 wherein the propylene concentration in
the liquid phase during steps (a) and (b) is from 20 to 60 weight percent.
12. The process of claim 6 wherein the liquid phase is additionally
comprised of a C,-C, aliphatic alcohol.
13. The process of claim 6 wherein step (c) is accomplished by
washing the titanium-containing zeolite catalyst with a solvent.
14. The process of claim 13 wherein the solvent is selected from the
group consisting of C,-C; aliphatic alcohols, water and mixtures thereof.
15. The process of claim 13 wherein the solvent contains a source
of a cation selected from the group consisting of ammonium, alkali metal
cations, and mixtures thereof.



cbrrprised of a (JJerr]-Cerr] aliphatic alcohol. 13. The process of cIéimG

wherein step (c) is acconplished-by washing the ti tani um contai ning zeolite
catal yst wwdosoiaa vent. 14. -The process of claim 13 where ,Jﬁggﬁgfsent I's
coho

sel ected fromthe group consi st uu.&mm err] ali phat?gi‘al s,

wat er and m xtures thereof. 15 b cI ai m 13 wherein the sol vent
contains a source of a cation sel ected fromthe group consi sting of

anmoni um al kali nmetal cations, and m xtures thereof. 18 16. The process

of claim 13 wherein said washing is perfdBned at a tenperature of from 150C
to 250[err]C. 17. A nethod of regenerating a titaniumcontaining zeolite

whi ch has been used18s The proocessasficiaimctd whein saidiwashingis\wesformedtdte
titani um cont al ni I"])% zeol i at %Ctenperat ure of at least 150C with a
sol vent cont ai fli ﬁ@ rayre e VPGP S90s6t ect ed fromthe group consisting

of ammoni um al kal i et Qlﬁ.‘ W?%ﬁ%@lph@mﬂ um-l:gnta]-l“ﬁq %ﬁg@qﬂﬁﬁhd aim

17 wherein the solvent s se e group-consi's

Cerr]-Clerr] hhs bleemusedlasdmémxldmibnrcaeaukt comprising washingpthe tit@niuitie
met hod of claim17 Wner Catpl on source is sele g,-& fromth oup
consi sting of CARtaRAg 3 tegiperaiure, of af leé’sbﬂ%ﬁ sWﬁBr?cs

Pydr ohal i de. Scfﬁéfdiﬂﬂﬁ' *“S"Z’%ﬁ’f F CABIT SIS o M, S, qndBling of
met hod of cl ai monmm,alkahtmetais;mdnnmes)meaeofcat ion in the sol vent i S
from 10 to 500 part isPe‘th‘nLéthSé‘ of claim 17 wherein the solvent is selected from the

' group consisting of C,-C, aliphatic alcohols, water and mixtures thereof.

19. The method of claim 17 wherein the cation source is selected
from the group consisting of (a) ammonium and alkali metal salts of
phosphoric acid, sulfuric acid, carboxylic acids, carbonic acid, nitric acid, and
hydrohalide acids and (b) ammonium and alkali metal hydroxides.

20. The method of claim 17 wherein the concentration of cation in

the solvent is from 10 to 500 parts per million.




