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1 4 MPROVED EPOXI DATI ON PROCESS FI ELD OF THE | NVENTI ON Thi s i nvention

ref*ates to met hods whereby the efficiency of an ol efin epoxidation ﬁe&atdaqv-z,
may be enhanced. In particular, the invention pertains to an epoxi dation
process wherein a chelating agent is utilized to suppress the non-.

sel ective deconposition of hydrogen peroxlde to oxygen. BACKGROUND OF THE
INVENTION It is well known that the epoxidation of olefinic conpounds wth

hydr ogen peroxi de may be effectively catal yzed by certain synthetic

zeolites containing titanium.atons bsee for exanBI e, U S Pat. No.

4,833, 260). While selectivi {YPROVED BROXIBATIONPROGESScneral Iy hi gh,

U S. Pat. No. 4,824,976 proposes that the non-sel ective ring-opening

reactions which take place when epoxidation is perforned in a protic nmedium

such as water or al cohol nmay be BIBYD B THEDINVERTIONg t he catal yst prior
to the reaction or during the reaction with a suitable acid neutralizing

agent. The neut r ghigZim@nass Mtelatds mtﬁcgjéﬁ%&@dgt ﬁ%ﬁﬁb@n@?}%‘f%ﬁ &bk he

catal yst surface which tend to pronote by-produ mati o

Neutral i zat | : | . | it t

Sol ubi e bas PROKGREFHT8ador el BEh&Red (T pHRICHRAZIR ERRflod boRal Bl
KOH and weak bases such as %Er rJ. nd anal o oua, pat assi um an(g' lithium
salts incl uBP®Y F@?'P Pragrps Whpicin achslaupg Agenbisutilized to suppress the ron-

selective decomposition of hydrogen peroxide to oxygen.

BA¢KGROUND OF THE INVENTION
it is well known that the epoxidation of olefinic compounds with hydrogen
peroxide may be effectively catalyzed by certain synthetic zeolites containing
titanium atoms (see, for example, U.S. Pat. No. 4,833,260). While selectivity to
the desired epoxide is generally high, U.S. Pat. No. 4,824,976 proposes that the
“non-selective ring-opening reactions which take place when epoxidation is
parformed in a protic medium such as water or alcohol may be suppressed by
treating the catalyst prior tc the reaction or during the reaction with a suitable acid
neutralizing agent. The néutralizing agent is said to neutralize acid groups on the
catalyst surface which tend to promote by-product formation. Neutralization,
according to the patent, may be accomplished with water soluble basic substances
chosen from among strong bases.such as NaOH and KOH and weak bases such
as NH,OH, Na,CO,, NaHCO,, Na,HPO, and analogous potassium and lithium

salts including K,CO,, Li,CO,, KHCO,, LiIHCO,, and K,HPO,, alkali and/or alkaline



ear.th salts of carboxylic acids having from1 to 10 carbon atons and al kal
and/ or al kali ne earth al cohol at es having from1 to 10 carbon atons.
Co-pending U S. Application Ser. No. 08/396,319, filed February 28, 1995,

di scloses that by carrying out a titaniumsilicalite-catal yzed epoxidation
in the presence of |ow concentrations of & non-basic salt (i.e., a neutra
or acidic salt) selectivity to epoxide may unexpectedly be significantly

i mproved by reducing the quantity of ring-opened by-products forned. W
have now found that while epoxide ring-opening my be effectively

suppressed by, performng the epaxidation in the presence of a sujtable
source of gﬁ'\#s‘n?%trﬁ ofgcygp?(ylf%§§18,s hgving &a'm héoézgf?quﬁﬁt P"@aﬁq‘gﬁ@(?ﬁmﬂer
basic, neutral, or acidic in character, non-sel ective hydrogen peroxide
deconposi t Béling eaRyalcohriptedhavingfiem t to dParben\atemsr ease as the

titaniumsilicalite catal yst ages. For exanple, when titaniumsilicalite is
used in a conti iGmpentdinged. helipplicatiomSar. dlwoXi8M398:3 pe ofiiet drebruaryt 28 1995,
presence of a cation source such as amoni um hydroxi de, selectivity to the

desired propsdieses Mt by cHrifihg out QCHIBARES sMikaliteld1BlyYBl lepokRIaBShiiN ithy t O
oxygen increases to the range of about 8 to 15% Thé nechani smresponsible

for this | ghssdrbe’BoihfEocdrdionstet d RoRMasilbir HEICHHARMY of ol kdnpe

hi ghly desiT wever, nmeans of _ ing t
sl SR IS SR R R
the quantity of ring-opened by-products formed. '

We have now found that while epoxide ring-opening may be effectively
suppressed by performing the epoxidation in the presence of a suitable source of
ammonium, alkali metal, or alkaline earth metal cations, whether basic, neutral, or
acidic in character, non-selecti-ve hydrogen peroxide decomposition to oxygen and
water tends to gradually increase as the titanium silicalite catalyst ages. For
example, when titanium silicalite is used in é continuous fixed bed system to -
epoxidize propylene in the presence of a cation source such as ammonium
hydroxide, selectivity to the desired propylene oxide product decreases over time
while selectivity to oxygen increases to the range of about 8 to 15%. The
mechanism responsible foi' this loss in epoxide selectivity is not well understood.
it would be highly desirable, however, to find a means of alleviating the effects of
aging on catalyst performance sucr; that eboxide ring-opening and hydrogen

peroxide decomposition are simultaneously suppressed in order to maximize the

yield of epoxide obtained over the life of a particular catalyst charge.



yi el d of epoxide obtained over the life of a particular catalyst charge.
SUVMMARY OF THE | NVENTI ON W& have now unexpectedly di scovered that the
tendency of a titanium containing nolecular sieve catalyst to gradually
deteriorate in performance (as neasured by non-sel ective hydrogen peroxide
deconposi tion to oxygen) when used in an ofefin epoxidation reaction .
together with a source of .cations may be aneliorated by performng the
epoxidation in the presence of a chelating agent such as a conpound havi ng
two or nore groups selected fromthe group consisting of am no, hydroxyl,
carboxyl, phosphoryl and conbi GANMMARY IO F6tE INVIENTéO®bodi nent of the

I nvention, the chelating agent is enployed in anionic (deprotonated) form

with the salt gengsaiaeé dewtinexpetiedisdigcsmteganal tHeRnaameyio tithlimhd
metal, or alkaline earth netal cation. The present inventionh thus provides

et hod  f P . . : . .
hydrogen pePSHIETEhE oRRLED i ARATES bradul SasbkoRks  BefofhaRcdlad .
f titani taini I ' t t | i Si

ani oni ¢ apeBTSASURA Y B PBIcUYs SYRTARET RRCE JFeuBPESHEn P RyoBh] BB um
cations, alkali netal cations, and alkaline earth netal cations and an
amount of auskdliatdmelefiganoxidation: fleastien tegeilieewitbra sevee el eatipnsomgydia i on

of the hydrogen peroxide to nol ecul ar oxygen upon agi ng of the catal yst.
ameliorated by performing the epoxidation in the presence of a chelating agent

such as a compound having two or more groups selected from the group.
consisting of amino, hydroxyl, carboxyl, phospﬁoryl and combinations thereof. In
one embodiment of the invention, the chelating agent is employed in anionic
(deprotonated) form with the salt generated functioning as a source of the
ammonium, alkali meta!, or alkaline earth metal cation.

The present invention thus provides a method for epoxidizing an olefin
comprising reacting said olefin wfth hydrogen peroxide in a liquid phase within a
reaction zone in the presence of a titanium-containing molecular sieve catalyst, a
salt comprising an énipnic species and a cation selected from the group consisting
of ammonium cations, alkal_i. metal cations, and_alkaline.earth metal cations and an
amount of a chelating agent effective to reduce non-selective decomposition of the

hydrogen peroxide to molecular oxygen upon aging of the catalyst.



4 DETAI LED DESCRI PTI ON OF THE | NVENTI ON The hydr ogen peroxi de (H202)
ufilized as the oxidant in the present invention nay be obtained from any
sui tabl e source, including, for exanple, from autoxidation of secondary

al cohol s using air or other source of nolecular oxygen. Suitable secondary
al cohol s include both aliphatic al cohols auch as isopropanol and

cycl ohexanol as well as aromatic al cohols such as al pha nethyl benzyl

al cohol and ant hrahydr oqui nones (i ncluding al kyl -substituted

ant hr ahydr oqui nones). The crude reaction product thereby generated nay be

either used directly inpgﬁ@g?bggtd@@ﬁgﬁg?ﬁ-rﬁ% III\N NinU ntion or, if so

desired, purified, fractiona concentr | om exchanged, or otherw se

processed prior_to such use. Far | e,. the ket one generated as an

aut oxi dati on coJ, bﬁ&&tﬁﬁ?g%yes%@%zémé&wzpa %&eeo’ﬂﬁjgri‘w“ PtPreFPYm t he
hydr ogen peroxide by distillation (where the ketone is relatively volatile)
or by extrimventionwnah bgxettainedhisom amesuitahle sousces uncludimg, o1 gxamplies &ion e
with or insoluble in water). The hydrogen peroxide may alternatively be

gener at ed agtoxidationyof $ecorslamyplaohotoubingi dig opuitEe souses ohdaslgculhe oRgden.
olefin, titaniumcontaining nolecular sieve catalyst, chelating agent and

iflnh Y“éhggﬁgﬁgglgg%dg{aﬁ%ﬁ:dHiWé?fncﬁSdEjbéirpﬂl’Pplﬁtfb%&dSH&sts‘ﬁcﬁ?é‘é)@,@b?&ﬁhnol
y al cohol autoxidation and ol efin epoxi dati on.
and cyclohexanol as well as aromatic alcohols such as alpha methyl benzyl
alcohol and anthrahydroquinones (including alkyl-substituted
anthrahydroquinones). The crude reaction product theréby generated may be
either used directly in the epoxidation process of this invention or, if so desired,
purified, fractionated, concentrated, ion exchanged, or otherwise processed prior
to such use. For example, the ketone generated as an autoxidation co-product
may be separated, in whole or in part, from the hydrogen peroxide by distiliation
(where the ketone is relatively volatile) or by e#traction with water (where the
ketone is substantially immiscible with or insoluble in water). The hydrogen
peroxide may altemativély be generated in situ by, for exam-ple, combining
oxygen, secondary alcohol, olefin, titanium-containing.molecuiar sieve catalyst,
- chelating agent and salt Within a reaction zone under conditions effective to
éccomplish simultaneous secondary alcohol autoxidation and olefin epoxidation.
Generally speaking, it will be desirable to employ initial hydrogen peroxide

concentrations of from about 0.5 to 20 weight percent in the liquid phase within

the reaction zone.



General ly speaking, it will be desirable to enploy initial hydrogen

pef oxi de concentrations of fromabout 0.5 to 20 wei ght percent in the

| i quid phase within the reaction zone. 5 The ethyl enically unsaturated
substrate epoxidized in the process of this invention is preferably an
organi ¢ conpound having fromtw to ten ca& bon atons and at | east one
ethylenically unsaturated functional group (i.e., a carbon-carbon double
bond) and may be a cyclic, branched or straight chain aliphatic olefin.

More than one carbon- caTioethgierizhly hasturaRy dwbstpdte $pokidized tih@h® beicksy; of this
di enes, trienes, and other polyunsaturated substrates thus may be used.

Exanpl es of ol efi Wﬁvéﬁfoﬁ@éﬁf{rﬁﬁly%ﬁ%ré}ﬁié g%nﬂl@ﬁ%ﬁ%nﬁ{fh%nmb@o %&ééggsébaﬂ atoms -

i ncl ude et hyl ene, propylen e’ but enes, I ene, ent enes,

i soprene, 1-hexene, 3-hexene, 1-heptene, 1-octene, . dijsobutylene, 1-nonene,
the trimers and t dAdres gre eByBafREREnsatiden JHRHcBALERUR Yt ocipaia-carbon
cycl oheptene, cyclooctene, cyclooctadi ene, dicyclopentadi ene, ) )
met hyl enecycl opr opdauble bead)yangaay be dneralisn dranchbed or sHaigik chiiealinkatic olefin.
vi nyl cycl ohexane, and vinyl cycl ohexene. M xtures of olefins may be

epoxi di zed and r esMbté tignmnktaartenafarmodauthées barid mey bergresepeth the olefie diémesm
or separated into the different conponent epoxides. The process of this
invention is especkighésy aHg @ftHér pbBunididaRBubSAdsORu®aFde used.

Examples of olefins suitable for use in the process of this invention include
ethylene, propylene, the butenes, butadiene, the pentenes, isoprene, 1-hexene,
3—hexenc,-1-heptenc, 1-octene, diisobutylene, 1-nonene, the trimers and tetramers
of propylene, cyclopentene, cyclohexene, cycloheptene, cyclooctene,
cyclooctadiene, dicyclopentadiene, methylenecyclopropane, methylenecyclopentane,
methylenecyclohexane, vinylcyclohexane, and vinyl cyclohexene.

Mixtures of olefins may be epoxidized and resulting mixture of epoxides
either employed in mixed form or separated into the different component epoxides.

The process of this invention is especially useful for the epoxidation of C,-

C,, olefins having the general structure



[err] olefins having the general structure [err] 6 wherein [err] and
[Brr] are the sane or different and are selected fromthe group consisting
of- hydrogen and [err] al kyl (selected so that the total nunber of carbons
in the olefin does not exceed 10). The process of this invention is also
suitable for use in epoxidizing ol efins cGhtaining functional groups other
than al i phatic hydrocarbyl noieties. For exanple, the carbon-carbon double
bond can be substituted with groups such ‘as [err], -CN, or -OR wherein Ris
an al kyl, cycloal kyl, aryl or aral kyl substituent. The radicals [err] and
[err] in the struyct | .fornula shown herei nabove may contain aryl,

ar al kyl , nenereinity & &5 ABA R a8, BRcsara0s renkagd arpselprted Siame Myele) |
hydr oxyl , carboxyl (e.g., ester, acid) or ether groups. Exanples of olefins
of these tgmep consisting af hytirogensnsd C, <€ yalkyldsel®ictad sohhat iheetotalinuphberesfhy|
ether, allyl phenyl ether, nmethyl nethacrylate, acrylic acid, nethyl :

acryl ate, gamopena.therglefimhdobs ot exbsedoynt of hydrogen peroxide relative
to the anount of olefin is not critical, but nost suitably the nolar ratio

Ot o o THPLRBEEEY VIS larEngs ko 108sp'er edh SRty B
containing functional groups other than aliphatic hydrocarbyl moieties. For
example, the carbon-carbon double bond can be substituted with groups such as
-CO,H, -CO,R, -CN, or -OR wherein R is an alkyl, cycloalkyl, aryl or aratkyl
substituent. The radicais R', R, R® and R* in the structural formula shown
hereinabove may contain aryl, aralkyl, halo, nitrb, sulfonic, cyano, carbonyl (e.g.,
ketone, aldehyde), hydroxyl, carboxyl (e.g., ester, acid) or ether groups. Examples
of olefins of these types include allyl alcohol, styrene, allyl chloride, allyl methyl
ether, allyl phenyl ether, methyl methacrylate, acrylic acid, methy! acrylate,
stilbene, and the like.

The amount of hydrogen peroxide relative to the amount of olefin is not
critical, but most suitably the'molar ratio of olefin: hydrogen peroxide is from about
100:1 to 1:10 when théolefin contains one ethylenically unsaturated group. The
molar ratio of ethylenically unsaturated groups in the olefin to hydrogen peroxide is
more preferably in the range of from 1:2 to 10:1.

The titanium-containing molecular sieves useful as catafysts in the
epoxidation step of the process comprise the class of zeolitic substances wherein

titanium is substituted for a portion of the silicon atoms in the lattice framework of



nolar ratio of ethylenically unsaturated groups in the olefin to hydrogen
peroxide is nore preferably in the range of from1l:2 to 10:1. The
titani um contai ni ng nol ecul ar sieves useful as catalysts in the epoxidation

step of the process conprise the class of7 zeolitic substances wherein
titaniumis substituted for a portion of the silicon atons in the lattice

f ramewor k of a nol ecul ar sieve. Such substances are well-known in the
art. Particularly preferred catal ysts include the classes of nolecul ar
sieves commonly referred to as "TS-1" (having an M-l topol ogy anal ogous to

that of the; é&Ritbéulat siBvaoslicts aliBstaneés bes well-kKridwh il trevaAg an MEL topol ogy
anal ogous to that of the ZSM1 1 alumnosilicate zeolites), and "TS-3" (as

described in Bel ShaRufiy pidferrdd B Incidle the UidsaBh o i8ielisiEr dletebne

titani um containi ng no ular sieves having framework structur
| sonmor phous to zeolite b

ta. T t.,tani.um c st preferably contajns,. no
non- oxygen €8 Ys’%?ﬁ@ﬁ o1 't1ar‘Ji‘%l‘f’rPgLﬁ’tﬂ"awl:lIl %{% °|BQV talﬁ‘@?q itegha{ of the
framework, al though m nor amounts of boron, iron, alumnum and the |ike
may be presdB8M-5Hluminasiticalmzapieal TSt cinaying as\MEL dpaplpay analogaus to that
use in the process of this invention will generally have a conposition
cor r espondi ofgthiecZENe 11 allminosdicatpzedlites), famdnliSa3[ éas Hes¢rbed [reBelgiamPat.e x
is between 0.0001 and 0.500. Mre preferably, the value of x is fromO0.01
to 0.125. TRe. MQAr o3&t i Alsefsufiabld fdrrudeN@re the titanium-containing molecular sieves
having framework structures isomorphous to zeolite beta. The titanium catalyst
preferably contains no non-oxygen elements other than titanium and silica in the
lattice framework, although minor amounts of boron, iron, aluminum, and the like
may be present.

Titanium-containing molecular sieve catalysts' suitable for use in the process
of this invention will generally have a composition corresponding to the following
empirical formula xTiO,: (1-x)SiO,, where x is between 0.0001 and 0.500. More
preferably, the value of x is from 0.01 to 0.125. The molar ratio of Si:Ti in the
lattice framework of the molecular sieve is advantageously from 9.5:1 to 99:1
(most preferably, from 9.5:1 to 60:1). The use of relatively titanium-rich-catalysts
may also be desirable.

The amount of catalyst employed is not critical, but should be sufficient so
as to substantially accomplish the desired epoxidation reaction in a practicably

short period of time. The optimum quantity of catalyst will depend upon a number

of factors including reaction temperature, olefin reactivity and concentration,



| attice framework of the nolecular sieve is advantageously from9.5:1 to
99 1 (nost preferably, from9.5:1 to 60:1). The use of relatively
titaniumrich catalysts may al so be desirable. The anobunt of catal yst
enployed is not critical, but should be sufficient so as to substantially
acconplish the desired epoxidation reactiof in a practicably short period
of tinme. The optinmum quantity of catalyst wll depend upon a nunber of
factors including reaction tenperature, olefin reactivity and

concentration,  h§dfopek F&@ﬁd@@é@éhdﬁi&@ BERMnE RbhEHAtralivPEf GBshiE BICERLE Jki)ON
of organic solvent as well as catalyst activity and the type of reactor or

reaction system (i $ fcafé‘ib;a%%ﬁg"i}f ﬁn(f?tﬂat H&tléo&s)eagggplogyr%g%i%nsfs&%?gg?l-’ ;b\égcg S(F)Sr

slurry reaction, e ano of catal yst rom

0.001 to 10 grans per mole of olefin, In a fixed or packed bed sfem the
opti mum quantity Ggﬂ‘tfalpéﬁ)fgiplwef’r Ipa bP??ST‘M%"n‘&r ur&,rqaﬁgo% fgW’fa&ipié/’d#‘e amount

reactants through the fixed bed; tgpi cally, fromabout 0.05 to 2.0 ]

kil ogranms hydr ogerf gatrlysi Widl typically bo foam? H81 40 8 grases perguele wf plefipe In a fixed

utilized. The concentration of titaniumin the |liquid phase reaction

m xture w || genewalphykedebetirspstemb thet optimum qéntdP ©f ppualysiivil bairdlugatedrigythbe

utilized in powder, pellet, mcrospheric, extruded, nmonolithic or any other

sui tabl e physi cal goQr pte DQedttfiLthrough tHeefixddChedalpicly, from about 0.05 to 2.0
kilograms hydrogen peroxide per kilogram catalyst per hour will be utilized. The
concentration of titanium in the liquid phase reaction mixture will generally be
from about 10 to 10,000 ppm.

The catalyst may be utilized in powder, pellet, microspheric, extruded,
monolithic or any other suitable physical form. The use of a binder (co-gel) or
support in combination with the titanium-containing molecular sieve may be
advantageous. Supported or bound catalysts may be prepared by the methods
known in the art to be effective for zeolite catalysts in general. Preferably, the
binder or support is essentially non-acidic and does not catalyze the non-selective
decomposition of hydrogen peroxide or ring-opening of the epoxide.

Iliustrative binders and supports include titania, silica, alumina, silica-
alumina, silica-titania, silica-thoria, silica-magnesia, silica-zirconia, silica-beryllia,
and ternary compositions of silica with other refractory oxides. Also useful are

clays such as montmorillonites, kaolins, bentonites, halloysites, dickites, nacrites,

and ananxites. The proportion of molecular sieve to binder or support



support in conbination with the titani um containing nolecular sieve may be
advant ageous. Supported or bound catalysts may be prepared by the nethods
known in the art to be effective for zeolite catalysts in general.
Preferably, the binder or support is essergially non-acidic and does not
catal yze the non-sel ective deconposition of hydrogen peroxi de or

ri ng-openi ng of the epoxide Illustrative binders and supports include
titania, silica, alumna, silica- alumna, silica-titania, silica-thoria,
silica-magnesia, silica-zirconia, silica-beryllia, and ternary conpositions

of silica whayrérideefronedosictoon BBl prefellip idiffoib: 0 © 8b:aps such as e
nontnorillonites, kaolins, bentonltes haIonS|tes di cki tes, nacrltes and

Th
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range from99:1 to y|s cri |caI
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i's not known, is believed that the salt interacts in a favorable wa
with the t.reamwcmitlﬁiqwmgt ifopeliayedrthal teesalninietpsts ybaégvcﬂr@bampvwﬁw

undesired side reactions such as epoxide ring-opening and sol vent
oxi dat i on. the titarduertodtaimng madleculaasievy datalysipse tsdatppréseundesireat sitde
epoxidation) with the salt. One suitable pretreatnent method involves

formng a $éé’éﬂdh§)§uéﬂ1ﬁsce?io&idéshn% paniid ah&dohentokriatieh. iRl t in a

sui tabl e solvent for the salt such as water and/or
embodiment, the catalyst is pretreated (i.e., prior to epoxidation) with the salit.
One suitable pretreatment method involves forming a slurry of the catalyst in a
diluted solution of the salt in a suitable solvent for the salt such as water and/or
alcohol and stirring the slurry at a temperature of from 20°C to 100°C for a time
effective to incorporate sufficient salt into the pores of the molecular sieve. The
catalyst is thereafter separated from the slurry by suitable means such as filtration,
centrifugation, or decantation, washed if so desired, and then, optionally, dried of
residual solvent. In another pretreatment method, an as-synthesized catalyst is
impregnated with a solution of the salt and then calcined. In a preferred
embodiment, however, the salt is introduced into the reaction zone separately from
the cétalyst during epoxidation. For example, the salt may be suitably dissolved in
the hydrogen peroxide feed, which typicélly will also contain a solvent such as
water, alcohol, and/or ketone. In a continuous process, the concentration of salt

in the feed entering the reaction zone may be periodically adjusted as desired or

necessary in order to optimize the epoxidation results attained. It may, for



al cohol and stirring the slurry at a tenperature of from20[err] to
100[err] for a time effective to incorporate sufficient salt into the pores
of -t he nol ecul ar sieve. The catalyst is thereafter separated fromthe
slurry by suitable neans such as filtratiaon, centrifugation, or
decantati on, washed if so desired, and théH% optionally, dried of residual
solvent. I n another pretreatnent nethod, an as-synthesized catalyst is

i npregnated with a solution of the salt and then calcined. In a preferred
enbodi nent, however, the salt is introduced into the reaction zone

separ at el y dxamplehbecadvanysdealls iongseepaondtdritasalt dariceaativh o ihtlrodeée themay
be suitably dissolved in the hydrogen peroxide feed, which typically wll

al so_cont ai fy(PaspterfilitefUterddis\al & incg\l?&wak d.eé‘f%grtpégéﬁe]ﬁg[ngemrgtifuﬂeover

conti nuous process, the concentration salt in

reaction zqnﬁ.nay be periodically adjusted as desired or necessary in order
to optim ze Re epoxidation results attained. It may, for 10 exanpl e, be
advant ageous to gse a const ant aglt concentration, to introduce the salt at

intermttent intRS@liiS a 6PMpouUNddpEmed whernyitier Rraten phansagid i rpiaerd By ison

over time. Asalt is a conpound fornmed when the proton of an acid is

repl aced bymeatatsaiipnqttitoeqevalent (%qu*dk*éntSl(i@bg% saltefar]the Buposbbéthdal t s

for the purpose of this invention include those substances which conprise

an ani on ariflventist inpludé #iasiensubstances which comprise an anion and a cation wherein
the cation is preferably selected from ammonium (NH,), alkali metals (especially
Li, Na, K), and alkaline earth metals. The salt may be acidic, neutral, or basic in
character. Preferred anions include, but are not limited to, halide (especially CI
and Br), nitrate (NO,), and sulfate (SO,). Other anions such as carboxylates
(e.g., formate, acetate), carbonates (e.g., carbonate, bicarbonate), hydroxide,
alkoxides, and the like may also be used. Exemplary nonbasic salts suifable foi'
use include lithium chloride, lithium bromide, sodium chloride, sodium bromide,
lithium nitrate, sodium nitrate, potassium nitrate, lithium sulfate, sodium sulfate,
potassium sulfate, lithium, magnesium, calcium, barium, and ammonium acetate
(and other nonbasic salts of carboxylic acids, especially C,-C,, carboxylic acids),
ammonium dihydrogen phosphate, sodium dihydrogen phosphate, potassium
dihydrogen phosphate, and disodium dihydrogen pyrophoéphate. Exemplary basic
salts include,. but are not limited to, sodium hydroxide, potassium hydroxid_e.

ammonium hydroxide, sodium carbonate, sodium bicarbonate, dibasic sodium

phosphate, tribasic sodium phosphate, and the analogous potassium and lithium



the cation is preferably selected fromamonium/[err], alkali netals
(especially Li, Na, K), and alkaline earth netals. The salt may be acidic,
neutral, or basic in character. Preferred anions include, but are not
limted to, halide (especially C and Br), nitrate (NOG3), and sulfate
[err]. O her anions such as carboxyl ates .g., formate, acetate),
carbonates (e.g., carbonate, bicarbonate), hydroxide, al koxides, and the

| i ke may al so be used. Exenplary nonbasic salts suitable for use include

l'ithiumchloride, lithiumbrom de, sodiumchloride, sodiumbromde, |ithium
nitrate, sagitsirMiktures er cpaitasstions of salat waylbd hdvantagebasly erspigyed
sul fate, potassiumsulfate, lithium magnesium calcium barium and

ammoni um aqeieidRbhANRe ¥altas BN the Aqlia PHase6RPRYdhdki idﬂﬁreﬁeﬁci ally

[err] carboxylic acids), ammoni um di hydrogen phosphate, sodi um rogen
phosphat e, S Hm i P [ ' i oge .
pyr ophospha@&&%xtm tgrtwgéa@?%n%ogﬁﬁi [ néfﬂ&@%gﬂtfegggﬂ%g o{\%ﬂ‘{ ag}#]?l&fm).
sodi um hydr oxi de ot assi um hydr oxi de nmoni um hydy oxi de, sodium . .
carbonate, sodi ub i%%??ﬁ?n&tt@}/s mvsag?'é a&ﬂif@ﬂﬂ"ﬁﬁ% Eﬁﬁé@f‘gtq’g%‘é§96t%%'ﬂgtﬁfn
phosphate, and the anal ogous potassiumand lithium  salts. Mxtures or
conbi nat i orpjutlity af denargtases feigarPalle M dhgt eamrombine by aicordipate bondingal t
is soluble in the liquid phase of the epoxidation reaction m xture (which
typi cal |y iwitlt@gingleechetd! dtgnr mofenmpe cyslicistrustale ealled archesatidri edmplehe
process of this invention also requires a chelating agent containing a
(chelate). The chelating agent may be organic or inorganic in character and
preferably has at least two oxygen-containing functional groups per molecule,
wherein said functional groups are desirably selected from the group consisting of
hydroxyl, carboxyl, phosphoryl, or combinations thereof. The chelating agent thus
may be bidentate, tridentate, tetradentate, or otherwise multidentate in character. .
The functional groups may be present in protonated or
O O
I N
deprotonated form. For example, “carboxyl® includes -COH as well as -CO°®
groups, *hydroxyl® includes -OH as well as -O° groups, and “phosphoryl” includes
O O o
I I Il . |
-P-OH, -T-O*’, and -T-O° groups. Preferably, at least one carboxyl group or
OH OH o°
phosphoryl group is present. The functional groups are advantageously situated

in the chelating agent such that the atoms capable of coordinating to a single

metal ion are separated by between 3 and 7 atoms; said intervening atoms may



plurality of donor atoms (e.g., O, N, S) that can conbine by coordinate
bonding with a single netal atomto forma cyclic structure called a
chel ation conplex (chelate). The chel ati ng agent may be organic. or
inorganic in character and preferably has,;gt | east two oxygen-contai ning
functional groups per nol ecule, wherein said functional groups are
desirably selected fromthe group consisting of hydroxyl, carboxyl,
phosphoryl, or conbinations thereof. The chelating agent thus nay be
bidentate, tridentate, tetradentate, or otherwi se nultidentate in

char act er . b&phdspheris arbgn capd thm&ikﬁbe W@%’n@omwrpngtfmtcml groups, such

0 deprotonat ed form For exanple, "carboxyl" includes -COH as well as [err]
groups, "hud rteotbalry armioé glesps,@apeblevel boastifatig with anetal iansdmaphaispber yl
i ncludes O 0 [err] [err] [err] -P-OH, [err] and [err]

gr oups. Prﬁf'@sreﬁ‘k'lﬂ,thé‘khb%@lﬁb %&\t.carboxyl group or [err] OH  OH
phosphoryl "group is present. e functional groups are advantageously

oL uated |0t e SRR B AR bR A SRR SRR 1o

' nterven ngCIa tso(résg a¥mnotnmethylene phosphonic acid, ethylenediamine tetramethylene
phosphonic acid, hydroxyethylidenediphosphonic acid), polyphosphoric acids
(H,,:PnO3q.1» Wherein n > 1, including pyrophosphoric acid, triphosphoric acid,and
metaphosphoric acid as well as organophosphoric acidé such as phytic acid),
hydroxycarboxylic acids (e.g., malic acid, gluconic acid,
hydroxyethylethyleﬁédiamine triacetic acid, N,N-bis(2-hydroxyethyi)glycine, tartaric
acid, citric acid), aminocarboxylic acids (e.g., ethylenediamine tetraacetic acid,
ethylenediamine-di-o-hydroxy phenyl acetic acid, 1,2-diamino cyclohexane
tetracetic acid, nitrilotriacetic acid), polyamines (e.g., triethylene tetramine,
triaminotriethylamine, ethylenediamine), polycarboxylic acids (e.g., diglycolic acid)
aminloalcoho-ls (e.g., triethanol émine), as wéll as alkali metal, alkaline earth metal,
.and ammonium salts thereof.

When the chelating agent is utilized in deprotdnated form, it may

advantageously function simultaneously as the anionic species in the salt. That is,
the sait may be an alkali metal, alkaline earth metal, or ammonium salt of a

chelating agent as herein defined. Such a species may be introduced directly into

the reaction zone or, altematively, formed in situ by the combination of the



12 be phosphorus, carbon, and the |ike. N trogen-containing functional
groups, such as tertiary am ne groups, capable of coordinating wth netal
ions may al so be present in the chelating agent. Specific illustrative

pol yfunctional chel ating agents incl ude | yphosphoni c acids (e.g.,

am notri net hyl ene phosphoni c aci d, ethyl enedi am ne tetranethyl ene
phosphoni ¢ aci d, hydroxyet hyl i denedi phosphoni ¢ aci d), pol yphosphoric acids
[err] wherein n > 1, including pyrophosphoric acid, triphosphoric acid, and
nmet aphosphoric acid as well as organophosphoric acids such as phytic acid),
hydr oxycar héherhiig agefs il Srilonatell fofmafiidla tHseCMCag@nthlkali metal or _
hydr oxyet hyl et hyl'enedi am ne triacetic acid, N, N-bis(2-hydroxyethyl)glycine,
tartaric acj [t L Lo ] ; Yoy e I L amne-
ot ancet | ety fydteld: T SRERRABIAAMT 1B SRR dfefoonhen F4T Bt

1, 2-di am no cycl.ohexane tetracetic acid, nitrilotriacetic acid), polyam nes
(e.g., tri e?'hé?'é’ﬁﬂylc%pf%tﬁf’ﬁffdc't riaminotriethyl am ne, ethyl enedi am ne),

pol ycar boxylic acids (e.g., diglycolic gcid) am noal cohols (e.g.,

tri et hanol am neJo ayoiguan undesialla deerease indhe datenef kydrogenmesoxidend
amoni um salts thereof. When the chelating agent is utilized in -

depr ot onat esbriv@rsion| therapneemeaaticmgefosadt in thanliquid phaisewitiEindbe séaction tdree

ani oni c species in the salt: That is, the salt nay be an al kali netal,

al kal i ne eagiduld®jeMeralff bé ARG SIah @D2avic Béiaivi 0.9080¢ N, RieRR) N
defined. Such a sSpecies may be introduced directly into the reaction zone

or, alternatgyel emd QY feshdidé sblbcliVity ReqERIAIY YrsBR .. FHE optimum

concentration of salt will vary depending upon a number of factors, including, for
example, the chemical identity of the salt, temperature, solvent, space velocity,
and the like, but may be readily determined by routine experimentation. Generally
speaking, the level of salt in the liquid phase ep;oxidation reaction mixture is
desirably maintained from about 1 to 1000 ppm.

‘The amount of chelating aéent present within the liquid phase the reaction
zone is selected so as to effectively reduce the non-selective decomposition of the
hydrogen peroxide to molecular oxygen upon aging of the titanium-containing
molecular sieve catalyst as compared to-the. level-of-O,. géneration which would
result in the abséﬁce of the chelating agent. The optimum amount of the chelating
agent will vary depending upon parameters such as the chemical identities of the
salt and the agent se|ectéd for use as well as the epqxidation conditions, but may

be readily determined by routine experimentation. Typically, the chelating agent is



13 chel ating agent in protonated formand a base such as an alkali metal or
amoni um hydroxi de. The chel ati ng agent in such an enbodi nent may be fully
or partially deprotonated. To avoid an undesirable decrease in the rate of
hydr ogen peroxi de conversion, the concentration of salt in the |liquid phase
within the reaction zone shoul d generallylde no greater than 0.02 M Bel ow.
0.00001 M little or no enhancenent in epoxide selectivity is generally
observed. The optimum concentration of salt will vary dependi ng upon a
nunber of factors, includln? for exanple, the chemcal identity of the

sal t, tenpdatilized at asangentra lgpazférqmla@outy toaiDQ: peml inktbe ligwid phgseef the
readily determ ned by routine experinentation. CGenerally speaking, the

| evel of sabdctiom tnibdute.qui d phase epoxi dation reaction mixture is desirably
mai nt ai ned fromabout 1 to 1000 ppm The anount of chel ating agent present

wi thi n the | i quithePBgsAdatieN F@&Qbh%nﬁ%?&tdré i§ P@feléaedi r%n"?‘@°€3oelfdo‘a@}t"’6| y

reduce the non-selective deconposition of the hyd roge peroxide to
Catalyst aJtEREpIERERRM RhciBed e TR fAShERR TR BB el ¢ 1
et w1 SeSbiigh Shiache ot ol & e&hc”t‘é”%i‘o%? 2 ifiRdgRSPRAY DS
of the period of time with minimal non-selective decomposition of the hydrogen peroxide.
It is generally advantageous to carry out the reaction to achieve as high a
hydrogen peroxide conversion as possible, preferably at least 50%, more
preferably at least 90%, most preferably at least 99%, consistent with reasonable
selectivities. The optimum reaction temperature will be influenced by catalyst
concentration and activity, substrate reactivity, reactant concentrations, and type of
solvent employed, among other factors. Reaction or residence times of from
about 10 minufes to 48 hours will typically be appropriate, depending upon the
above-identified variables. The reaction is preferably performed at atmospheric
pressure or at elevated pressure (typically, between 1 and 100 atmospheres).
Generally, it will be.dgsirable to maintain-the reaction components as a liquid
mixiure‘ For example, when an olefin such as propylene is used having a boiling
point at atmospheric pressure which is less than the epoxidation temperature, a

superatmospheric pressure sufficient to maintain the desired concentration of

propylene in the liquid phase is preferably utilized.



salt and the agent selected for use as well as the epoxidation conditions,
but may be readily determ ned by routine experinmentation. Typically, the
chel ating agent is 14 utilized at a concentration of fromabout 1 to
1000 ppmin the liquid phase of the reactL n m xture. The epoxidation
reaction tenperature is preferably from[€fr] to [err] (nore preferably
from[err] to 80[err]), which has been found to be sufficient to acconplish
sel ective conversion of the olefin to epoxide within a reasonably short
period of time with mniml non-selective deconposition of the hydrogen
peroxi de. It is Geaapaxidatiomperecase el this inention may henearriegcedtan a batebhi eve
as high a hydrogen peroxi de conversion as possible, preferably at |east

50% nore peaitenumoisy oasemiaentidnéts mesineprusireg aby aparopristsitySOYf reavtivinst ent
Wi th reasonabl e selectivities. The optinmumreaction tenperature will be

i nfluenced QysserbrlappharstQs ceehlad hked BbdGtdndpbrt: bed MtirFed Sufrg a6k o) - ¢
reactant concentrations, and type of sol vent enployed, ampbng of her factors.

Reaction or | d [ ' . rs will
typi cal 1y BBy ooiPubBheSs b 8EhaxSitle AR BHRF el RrtRIASDS Hoing s
The reaction is preferaply erformFd t atno eric gre ure or at el evated
pressure (tRyiregenperpridgant] genaraliv aso e sulluipdey uses fdius, the reactapts| may
desirable to maintainthe reaction conponents as a liquid

be combined all at once or sequentially. For example, the hydrogen peroxide

and/or the olefin may be added incrementally to the reaction zone.

Epoxidatioﬁ may be performed in the presence of a suitable solvent in order
to dissolve or disperse the reactants and to facilitate temperature control. Suitable
sol\)ents include, but are not limited to, water, alcohols (especially C,-C,, aliphatic
alcohols such as methanol and isopropanol), ketones (especially C,-C,, ketones
such as acetone), and mixtures of such solvents.

Once the epoxidation has been carried out to the desired degree of
conversion, the epoxide product may be separated and recovered from the
reaction mixture using any appropriate technidue such as fractional distillation,
extractive distillation, liquid-liquid extraction, crystallization, or the like. After
separating from the epoxidation reaction miidﬁre by ény suitable method such as

filtration (as when a slurry reactor is utilize_d, for example), the recovered titanium-
containing molecular sieve catalyét may be economically re-used in sui)sequent
epoxidations. Where the catalyst is deployed in the form of a fixed bed, the

epoxidation product withdrawn as a stream from the epoxidation Zbne will be



m xture. For exanple, when an olefin such as propylene is used having a
bdiling point at atnospheric pressure which is |less than the epoxidation
tenperature, a superatnospheric pressure sufficient to maintain the desired
concentration of propylene in the Iiquid ghase is preferably utilized.

15 The epoxidati on process of this invention may be carried out in a batch,
conti nuous, or sem -continuous nmanner using any appropriate type of
reaction vessel or apparatus such as a fixed bed, transport bed, stirred
slurry, or CSTR r eassantially rcatlyst e ity thecatalysidDeing igtained avitkiatthe ypexidation
epoxi dati ons using hydrogen peroxide will generally also be suitable for
use. Thus, the reaghantSimiayy,kaycandacieddlain ordtydorgee peroxsdegmeybe sdpayated=aid
exanpl e, the hydrogen peroxide and/or the olefin nay be added increnentally

to the reaction zoRgycl&PoxbilaivioNdidposed df Peh tortdR dnibddirentPsLHE MPar® prétess
suitabl e solvent in order to dissolve or disperse the reactants and to

facilitate t t trol,. .Suj .S .
i ted to, varer WHE (ENpbRds SRS ik EoHifudd Rt Tic Bl B Bedtbie 1o
met hanol and i sopr op_anplg, ket ones (especi al hy %err'. ket Qnes guch as,

acetone), and ni xtRFFOLIEHY Of CAnSINHY SRgenerats, ail of BPosH P Bfei‘bgﬁ (Yalypicig prder

carried out to the desired degree of conversion, the epoxide product nmay be
separ at ed and r ecdeenaiotaf epiingue activity and selectivity. Suitable regeneration techniques are

well-known and include, for example, calcination and solvent treatment.
Regeneration can also include retreatment or reimpregnation with the salt.

From the foregoing description, one skilled in the art can reallily asceftain
the essential characteristics of this invention, and, without departing from the spirit
and scope thereof, can make various changes and modifications of the invention
to adapt it to various usages, conditions, and embodiments.

EXAMPLES

To demonstrate the benefits and advantages of the claimed process, a series
of continuous propylene ‘epoxidation runs was performed using a spinning basket
CSTR wherein the catalyst comprised an extrudate containing 50% TS-1 titanium
siiicalite. The run conditions in each case were 60°C (140°F) 1.38 MPa gauge
(200 psig), and a weight hourly space velocity of 0.2 Ib H,0,/Ib./catalyst/hour.
The base feed contained 2.5 weight % H,0,, 73 weight % isopropanol, 24 weight
% water, 0.2 weight % methanol, 0.29 weight % acetic acid, and 0.1 weight %

formic acid. To the base feed were added varying amounts of ammonium



reaction m xture using any appropriate techni que such as fractional
dirstillation, extractive distillation, liquid-liquid extraction,
crystallization, or the like. After separating fromthe epoxidation
reaction m xture by any suitable method sy?h as filtration (as when a
slurry reactor is utilized, for exanple), the recovered titanium
contai ni ng nol ecul ar sieve catal yst may be economcally re-used in

subsequent epoxi dations. Were the catal yst is deployed ipn.the f ;

fixed bed, the epeydrede ard,in B ues Vinstrriingupe Bresert spveation theiey 00" Rinp
epoxi dation zone wll be 16 essentially catalyst free with the catal yst
bei ng retai ned wi taniinotrimetisyanei phasphoniczanid. Eharidsuliy gbtainad argnlivetinetebds &f i n
or hydrogen peroxi de may be separated and recycled or otherw se di sposed
of . In certain enbodi nents of the instant process where the epoxide is
produced on a continuous basis, it may be desirable to periodically or
constantly regenerate all or a portion of the used catalyst in order to

mai ntain optinmumactivity and selectivity. Suitable regeneration techniques
are wel |l -known and include, for exanple, calcination and sol vent treatnent.
Regeneration can also include retreatnent or reinpregnation with the salt.
From the foregoing description, one skilled in the art can readily
ascertain the essential characteristics of this invention, and, w thout
departing fromthe spirit and scope thereof, can nake vari ous changes and
nodi fications of the invention



to adapt it to various usages, conditions, and enbodi nents. EXAMPLES To
denonstrate the benefits and advantages of the clained process, a series of
conti nuous propyl ene epoxidation runs was performed using a spinning basket
CSTR wherein the catal yst conprised an extrudate containing 50% TS-1
titaniumsilicalite. The run conditions inlBach case were 60[err]
(140[err]) 1.38 MPa gauge (200 psig), and a weight hourly space velocity of
0.2 Ib [err]/Ib./catal yst/hour. The base feed contained 2.5 wei ght % H202,
73 wei ght % sopropanol, 24 weight % water, 0.2 weight % nethanol, 0.29

wei ght % acetic acid, and 0.1 weight % formc acid. To the base feed were

added varyi ng anounts of ammoni um 17 hydr oxi de ngg in the runs
illustrating the present invention "Dequest 2000" ATN® (aminotrinmethylene
phosphonic acid). The fesults obtained are listed i%lﬂéble 1. 18 [err]
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[err] 19 Conparative exanples 1 and 3, wherein amoni um hydroxi de but
not ATMP was present in the epoxidation feed, indicate that while

i ncreasi ng the concentration of anmoni um hydr oxi de decreases the quantity
of undesired ring- opened products producgg (as suggested by U. S. Pat. No.
4,824,976), the catalyst tends to generate”relatively high levels of [err]
(fromnon-selective [err] deconposition) as it ages. Co-feeding 120 ppm
ATMP chel ating agent with the amoni um hydroxi de in Exanple 2, however,
significantly reduced the selectivity to [err] even when the catal yst had

been in use nuchCbapzeativearampldsx arplde3,| whé@in baimsniom BH8rdxide Bit not
Simlarly, oxygen production was effectively suppressed under extended

conti nuous ATRM ival B8ehi inOfe dibokddiEl Rt iRiE AL while iﬁ&shéihpgﬂeage“t

was used together w ammoni um hydr oxi de ur prising t he

th
beneti o Pent e UnC i ahArfa f-aseh Solllankl Ft biods iR fase”

id id t]
oxtde stde épeeanced Srnosducts produced (as suggested by U.S. Pat. No. 4,824,976), the catalyst

tends to generate relatively high levels of O, (from non-selective H,0,
deéomposition) as it ages. Co-feeding 120 ppm ATMP chelating agent with the
ammonium hydroxide in Example 2, however, significantly reduced the selectivity
to.O2 even when the catalyst had been in use much longer than in Example | (455
hours v. 350 hours). Similarly, oxygen production was effectively suppressed
under extended continuous reaction conditions in Examples 4-6 wherein the

_ chelating agent was used together with ammonium hydroxide in the feed.
Surpriéingly, the chelating agent, although acidic in character, did not interfere with
the beneficial effect of ammonium hydroxide (a basic' substance) on propylene

oxide side reactions.



20 CLA Wr epoxi di zing an ol efin conprising reacting
said ol éfin with hydrogen peroxide in a liquid phase in a reaction zone in

t he prese uT cont ai ni ng nol ecul ar sieve catalyst, a salt
conpri si ng‘mmmm‘m‘i‘m ies and a cation selected from amoni um cati ons,
al kali netal €atton’, ‘and al kaline eabth metal cations and an anmount of a
chel ati ng agent effective to reduce non-sel ective deconposition of the

hydr ogen peroxi de to nol ecul ar oxygen upon agi ng of the titanium containing
nol ecul ar sieve catal yst. 2. A nmethod as claimed in claim1l
characterised i nQibgiM$he chel ati ng agent has at |east two functional
groups per nolecule, said functional groups being selected from am no,

hydr oxyl, carboxyl, phg : Rgpd A : : : hod as
clainmed in clai mx'l or hc[?lglirﬂrgnagépceﬁg?g%{;e i sg%hih%&?‘ﬁg?ﬂggig msléfa"[ld iOlse Bar&glthc,
neutral or gc(%d. 4. ir?A.m::tlhoddali cl.ai nmed tj n ang.or}ge of the Fre.cedi ng

clai ms char AEVEPFEBHOMTC R AL TRHEPRETE I A TR QY90 1% ERTESREY Of 7 Hignium-

pol yphosphoni ¢ aci ds, pol yphosphoric acids, hydroxyearhoxylic acids,

pol ycar boxy Feaigiigqaolegipingie s (asalyst 8 sale comPripiag pa anipsdc spspigs andailcationet al |

al kaline earth netal, and ammonium salts thereof. 5. A nmethod as cl ai med
in claim4 sdeneatfrom aadoniun dasipns, atkatiedtak ¢catigng gad nlkakinaedrthomhetahaitibyd ene
phosphoni ¢ acid. 6. A nmethod as clainmed in any one of the preceding

clai ms char agd &f h&6dntioT al dhafatinfagéicORtEveRasiiRg oh-seR86d Gtofipositibabs des,
phosphat es, sulfates, carbonates,
the hydrogen peroxide to molecular oxygen upon aging of the titanium-contai'ning
molecular sieve catalyst.
2. A method as claimed in claifn 1 characterised in that the chelating agent
| has at least two functional groups per molecule, said functional groups being selected
from amino, hydroxyl, carboxyl, phosphoryl, and combinations thereof.
3. A method as claimed in claim 1 or claim 2 characterised in that said
Salt is basic;, neutral or acid.

- 4. A method as claimed in any one of the preceding claims characterised
in that the chelating agent is selected from polyphosphonic acids, polyphosphoric
acids, hydroxyearhyxylic acids, ;iolycarboxylic acids, aminocarboxylic acids,
polyamides, and alkali metal, alkaline carth metal, and ammonium salts thereof.

S. A method as claimed in claim 4 characterised in that the chelating agent
is a;ninotrimcthylenc phosphonic acid.
6. | A method as claimed i'n any one of the preceding claims characterised

in that the anionic species is selected from halides, phosphates, sulfates, carbonates,

carboxylates, hydroxide, alkoxides, and nitrate.



car boxyl at M| des, and nitrate. 21 7. A nmet hod as
clainmed in a [mlm“‘ngdl ng clainms characterised in that said
reacting is §“‘1§§ m erature of fromO[err] to 100[err]. 8. A

nmet hod as cl Im ahy bné of the preceding clainms characterised:-in that

the reaction is effected at a tenperature, of 20[err] to 80[err]. 9. A
met hod as claimed in any one of the preced’ng clains characterised in that
sai d hydrogen peroxide is obtained by oxidation of isopropanol. 10. A

met hod as clainmed in any one of the preceding clains characterised in that
the liquid phase is 7conpri swthogfaszclaoiedantany oheof tht preosdioh elagnocharacterised
consisting of water, [err] alcohols, [err] ketones,and m xtures thereof.

11. A met hodimshat |satlrf6£buln@ lﬁlpyrfﬁﬁﬁed)it d &mg@ra&a@cbmgoml(mm&) ehpicact eri sed
in that the titani um containing nolecular sieve catalyst has an M-I, MEL,

or zeolite beta topg ogy.4 ?’%g%?d ‘{pﬁg{gﬁlg ﬁ%;bhglo'i‘%?e b‘%f‘g g?l'aﬁTP&HE{E?erised

precedlng clalns character efinis a

oLert . 5 T IR B2 B SRR A LR L Dt the
of _t he preceding cl a9| ™ CAI;] ?nre?t%de;sl ciael(rjned in any one of the preceding claims characterised
in that said hydrogen peroxide is obtained by oxidation of isopropanol.

10. A method as claimed in any one of the preceding claims characterised
in that the liquid phase is comprised of a solvent selected from the group consisting
of water, C,-C,, alcohols, C;-C,, ketones,and mixtures thereof.

11. A method as claiméd in any one of the preceding claims characterised
in that the titanium-containing molecular sieve catalyst has an MFI, MEL, or zeolite
befa topology.

12. A method as claimed in any one of the preceding claims characterised
in that the olefin is a C,-C,, aliphatic olefin.

13. A mett_xod as claimed in claim 12 characterised in that the GC,-C,q

. aliphatic olefin is propylene.

14. A method as claimed in ariy one of the preceding claims characterised
in that the titanium-containing molecular sieve catalyst has a composition
corresponding to the chemical formula xTiO,:(1-x)SiO, wherein x is from 0.01 to
0.125.

15. A method as claimed in any one of the preceding claim§ when carried

out continuously.



in that the trtani umcontaining nolecul ar sieve catalyst has a conposition
correspond formula [err] wherein x is from0.01 to
0.125. 15. ) ﬂ!‘]lm mh H‘mmal nmed in any one of the preceding clainms when
carried out «C I auouslsy 22 16. A method as clainmed in any one of
the preceding clains characterised in thaty4he titani umcontaining

nol ecul ar sieve catalyst is deployed in the reaction zone in the formof a
fixed bed or inthe formof a slurry in the liquid phase. 17. A nmet hod as

clainmed in any one q.the nrcaﬁﬂddsngaaﬁlcairrrsmghma#tuﬂr%eeetnhgmtma«r Lﬂdhﬂzéﬁw

s present at a concentration of from O 0000lMto 0.02Min the liquid

phase. { cterised
P hat "the sailToS A Eh R h%w?@ﬁr%ﬁ?rgkﬁr%m $Enb s Rafrgiont
l'i quid phase. | ai y gne af the preceding clains
characteri sed ﬂ%‘Wh§¥mﬂﬁé’§6W§Pﬂﬁefﬂb |10 Q gHﬂydﬁéﬂiﬁﬂgdﬁ%@§ent at a

concentration of from1l to 1000 ppmin the Irqur d phase. 20. +A nmethod as

claimed in any one dfl-t heh predhasdasnejaisiediinmny toae 2 ttes preserding claimag chanecterised

conmbi nation of salt and chelating agent is replaced by a salt conprising a
in that the salt is present at a concentration of from 0.00001M to 0.02M in the liquid

phase.

18. A method as claimed in any one of claims 1 to 17 characterised in that
the salt is present at a concentration of 1 to 1000 ppm in the liquid phase.

19. A method as claimed ir1 any one of the preceding claims characterised
in that the polyfunctional chelating agent is present at a con_centretion of from 1 to
1000 ppm in the liquid phase.

20 A merhod as claimed in any one of the preceding claims characterised
in that the combination of salt and chelating agent is replaced by a salt comprising a

chelating agent in deprotonated form.



chel ating agent in deprotonated form

23
IMPROVED EPOXIDATION PROCESS
ABSTRACT
In an epoxidation process wherein an olefin is reactéd with hydrogen peroxide
in the presence of a titanium-containing molecular sieve catalyst and a salt, the
tendency of the catalyst to produce greafe_r quantities of oxygen as it-ages due to non-
selective decomposition of the hydrogen peroxide may be counteracted by the addition
of a chelating agent bearing hydroxyl, carboxyl, amino, and/or phosphoryl groups.
The use of such a chelating agent enables selectivity to epoxide to be maintained at

a desirably high level for a prolonged period of time in a continuous epoxidation unit.




