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' BACKGROUND OF THE INVENTION

10 U.S. Patent No. 4,367,342 discloses an olefin epoxidation process
wherein an olefin is contacted with an organic hydroperoxide in the presence
of an insoluble catalyst comprised of an inorganic oxygen compound of
titanium. The patent discloses that at the conclusion of the reaction, the
resulting product mixture may be separated and the products recovered by

15 conventional methods such as fractional distillation, selective extraction,
filtration and the like. The patent further teaches that the catalyst may be
recycled for further utilization. Unfortunately, heterogeneous catalysts of the
type disclosed in U.S. Patent No. 4,367,342, for reasons which are not fully
understood, tend to slowly deteriorate in performance when used repeatedly

20 or in a continuous process for a prolonged period of time. In particular, the
activity of the catalyst (as measured by the amount of olefin or organic
hydroperoxide converted per pass or in a given period of time) decreases

with time to a point where continued use of the catalyst charge no longer



with tine to apoint where continued use of the catal yst charge no | onger

2 . becones economcally viable. Due to the relatively high cost of
synt hesi ziW@98/28072 this type of catal yst, regeneration ofp¢ivEpsiRgers '
catal yst would be greatly preferred over replacenent.

It has previously been proposed that satisfactory regeneration m ght 5
be achi eved by blowing with hot air to burn away the inpurities on the
cat al yst. However heati ng the used cat al%/st at tenperatures typically

utilized for neratlon qQf .ot tero alysts (e.

2eol i tes), | betomeseeonopyic WM‘%H@e@“SéP%Eﬁj ivefy gh 6o afesyrinesizing
sufficiently inprove the activity of thetltanlumcontalnlng

catal ysts desdhispbypenef éatﬁ%bv@genﬁF@W'eﬁf theatiagy oatalystowouldabeigreatlyi s not

conpletely restored by heating at 500[err]C, even though
subst anti al | y preferredhaveraeplasemantes in the catal yst are renoved at such

t enper at ur es. Al t hough we have found that significantly higher
tenperatures are efif Ras previdusly begs piopoked thatwalisfrlory Fe§ENERE0Ah
process whi ch operates at such el evated tenperatures i's no |deal
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therewith. Thus, it wou be desirable to ternati ve
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same vessel | rht’ﬁ@e& r?orI Pe%e%%%fo%att) Ofﬁer%e?ar%eneous catalysts 'fe d., zeolites),

even for prolonged periods of time, fails to sufficiently improve the activity of
the titanium-containing catalysts described hereinabove. Moreover, catalytic
10 activity is not completely restored by heating at 500°C, even though
substantially all organic impurities in the catalyst are removed at such
temperatures. Atthough we have found that significantly higher
temperatures are effective for reactivation purposes, a regeneration process
which operates at such elevated temperatures is not ideal due to the
15 increased utility and construction costs associated therewith. Thus, it would
be desirable to develop alternative regeneration methods capable of
operating at lower temperatures such that regeneration could be easily
performed in sity, i.e., the same vessel in which the epoxidation is carried
out.
20
SUMMARY OF THE INVENTION
The invention provides a method of regenerating a used non-zeolitic

heterogeneous catalyst composition cbmprised of an inorganic oxygen



20 SUVMMARY OF THE | NVENTI ON The
I nventi-on provides a nethod of regenerating a used non-zeolitic

het er ogeneMB28280T yst conposition conprised of an i'nor gani ®CTREPYT06625

WO 98/ 28072 3 conpound
of silicon in chenmical conbination with an inorgani ¢ oxygen '
conmpound of titanium Said nethod conpri sgs contacting the used non-
zeolitic het erogeneous catal yst conpositivn with a solvent selected from

t he oup consgi sti.ng of ter, .al cohol ketones, ethers, nitriles,
esters, aromat ggr%pogna of E&lfh!ﬂ 5‘"@&%@'9?@%é"lﬁméﬂewprsmsr@m a .
reactivated heterogeneous, cat al yst conposition.

DETAI LED DESCRPmendlofm@luNVEﬁmddnethod comprises contagtiogthe yused non-
regenerabl e by practice of the present invention are 10 characterized
as heter ogeneozmliticﬂmterbgenmm&talaﬁ gompesiiarowith arsclvend selbatedfrom the
reaction m xture, and non-zeolitic. Such cat al yst

conposi ti ons cgrup consisting opweter] alcoholg ketoney) ethuts, nitriles, estﬁrssafohfétﬁ: in
chem cal conbination with an inorgani c oxygen conpound of titani um

(e.g., ansoxi dRydibcadng arttmbituresitAgredfio pr-'éﬁﬁcé 8%5&%&% gc?%oun VS

compound of titaniumis preferably combined With the oxygen ¢

silicon in a hj i dation state, e.g., as tetraval ent tltanl um
& r}{%?ébﬁ\g}éﬁntaﬁﬁ

The pr opo I norgani ¢ oxygen conpound of titanium
contained in the

DETAILED DESCRIPTION OF THE INVENTION
The catalysts regenerable by practice of the present invention are
10 characterized as heterogeneous, that is, essentially insoluble in an oxidation
reaction mixture, and non-zeolitic.

Such catalyst compositions comprise an inorganic oxygen compound
of silicon in chemical combination with an inorganic oxygen compound of
titanium (e.g., an oxide or hydroxide of titanium). The inorganic oxygen

15 compound of titanium is preferably combined with the oxygen compound of
silicon in a high pbsitive oxidation state, e.g., as tetravalent titanium. The
proportion of the inorganic oxygen compound of titanium contained in the
catalyst composition can be varied, but generally the catalyst composmon
contains, based on total catalyst composmon at least 0.1% by weight of

20 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.



catal yst conposition can be varied, but generally the catal yst conposition
contains, based on total catal yst conposition, at |east 0.1% by wei ght of

20 ti t@,@ﬁg&%t h amounts from about 0.2% by wei ght to 0%938%/%12{0% b'y

wei ght ing preferred and amounts from about 0. 29

wei ght bei ng nost preferred.

4 Catal ysts of this type are well-known in the art and are
descri’bed, for exanple, in U S 4Patent Nos. 4,367,342, 4,021, 454,
3,829, 392 and 3,923, 843, European Patent Publication Nos. 0129814,

0345856, 0492697 Catalysts ofrthis Qyjitdfetwell-knons Sethécdrdandlare déséribéd&of Chem
Abstracts 5 87:135000s), PCT Application No. WO 94/23834, German '

Pat ent DocUmiample, in UND. PateritS Ne4S. 4,86%,342514,bb9 4814, 28,828, 3dAt ghg/Si S
161, pp. 524-529 (1996), the t €achi ngs of which are i ncorporated

herein by fe@é%‘.ﬁ&si@%ﬂﬁpséﬁ FRbiBidfication Nos. 0129814 0348888 Y§48268FPound

of silicon i fs anI I'norg C ﬁl I"I'ceous contarning a mlaj or
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| arge St 1 acdTar SDuoRS e EAPBlcatEniNR WO BUES8H, e Raleit Bledmenting one’

normal |y used in the art to_express the relationship of surface area to

nass Ng 3.20%648i andGastillocetaled: Catalvais 16845 pa: 5240529 (1996 utheice area
will be 15 expressed as square neters per gram(nferr]/g). Cenerally,

t he i nor gani deachings of which are incorporated herein by reference in their entirety.
The oxygen compound of silicon is an inorganic siliceous solid
containing a major proportion of silica. Amorphous (i.e., non-crystalline)
10 silicon compounds are particularly preferred for use. In general, suitable
inorganic siliceous solids are further characterized by having a relatively
large surface area in relation to their mass. The term used herein and one
~ normally used in the art to express the relationship of surface area to mass
is “specific surface area”. Numeribally, specific surface area will be
15 expressed as square meters per gram (m?%g). Generally, the inorganic
siliceous solid has a specific surface area of at least 1 m¥g and preferably
the average specific surface area is from 25 m?%g to 800 m%g.
Suitable inorganic siliceous solids include synthetic porous silicas
consisting of particles of amorphous silica flocculated or linked together so
20 that they form relatively dense, close-packed masses. Representatives of
such materials are silica gel and precipitated silica. These silica products
are porous, in that they have numerous pores, voids, or interstices

throughout their structures.



siliceous solid has a specific surface area of at least 1 nferr]/g and

pr ef er abl the average specific surface area is from 25 err]/g to
800 nfer r}‘vpgngsmz Suitabl e inorganic siliceous E&TERS7P6RS ude
synt hetic porous silicas consisting of particles of anorphous _
silica flocculated or linked together so 20 that they formrelatively
dense, close-packed nasses. Representatiges of such materials are
silica gel and precipitated silica. These silica products are

porous, in that theydaygitdBlBehRrgare  Sifoeoli 88lidsLindiME syrititéfe silica

t hroughout their structures.
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silica floccul ated, i n ens . acked . readily disjntegrated, |oosely
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pyrogenic silicas obtained by the conbustion of = 5 hydr ogen and oxygen
Wi th silicon PRWdeninsludecfusned.cpyragenisrsilicas obtained by the comimistioneofi ¢

i norgani ¢ oxide materials containing a major proportion of silica
conpr i sed anot hydrogenandaixygapmjtmsilican tatrachiagideodr tetraflGuide.nat eri al s

are known as refractory oxides and include silica-alumna, silica-magnesia,
silica-zirconia, sSynthetiainorganicloxidecmatatisls contirihg @ majorasopeition ofl0
Particularly preferred synthetic inorganic siliceous solids are those

c 83}? sting eSS ggﬁmsefanama dthdd 6FinoRyahic sBEGUS SbifdsC OBl Mdterigls | east
are known as refractory oxides and include silica-alumina, silica-magnesia,
silica-zirconia, silica-alumina-boric and 'silica-alumina—magnesia.

10 Particularly preferred synthetic inorganic siliceous solids are those
consisting essentially of pure silica, e.g., materials containing at least 90%
silica.

The preparation of the catalyst may be accomplished by a variety of
' techniques known in the art. One such method involves impregnating an

15 inorganic siliceous solid support with a titanium tetrahalide (e.g., TiCl,) either
by solution or vapor phase impregnation, followed by drying and then
calcination at an elevated temperature (e.g., 500°C to 900°C). Vapor phase
impregnation is described in detail in European Patent Pub. No. 0345856
(incorporated herein by reference in its entirety). In another technique, the

20 catalyst composition is suitably prepared by calcining a mixture of inorganic
siliceous solids and fitanium dioxide at an elevated temperature, e.g., 500°C

to 1000°C. Alternatively, the catalyst composition is prepared by cogelling

a mixture of a titanium salt and a silica sol by conventional methods of



The preparation of the catal yst may be acconplished by a variety of
techni ques known in the art. One such nethod involves inpregnating an 15
i norgani c swo9szsores solid support with a titaniumtétrahali eeTErogoss23i Cl 4)

ei t her by solution or vapor phase inpregnation, followed by drying
and t hen calcination at an el evated tenperature (e.g., 500[err]C"
to 900[err]C). Vapor phase inpregnation Is described in detail in
Eur opean Patent Pub. No. 0345856 (incorporated herein by reference

inits entirety). In another technique, the catal yst conposition is
suitably pr epaP@P%‘?Qd’ﬁ?@i supRPried s Iu$tecqmpqwtm§arln@tﬂl ahother teahinigeeous
solids and titaniumdioxide at an el evated tenperature, e.g., 500[err]C
to 1000][ er r] C. the catalyat dornapgsitianie prepared by thesyiace teaation opsﬂqml grbups
cogel I'ing a mxture of a titaniumsalt and a silica sol by

conventional mef anitorgénic siliceous solid with a titanium salt by the procedure disclosed
6 preparing netal supported catal yst conpositions. In still another

techni que, in U.SIbat, 6. 3, 1665@6pmé¢msk$aﬁﬂ Wéﬁhé}’s&nﬁ'@d Junf 4ge
reaction of silanol groups an inorganic siliceous solid with a

titani um gal t l?ée%*\?ﬁi%‘i%&'@zﬁb §g§§§@¢zecgowsk|5|ésﬂe§’&?g Bgt égé\%oﬁl %86 542

of Orzechowski enzi e, 1"ssue

5,274, 120 of APEETP vy 1208 ety e st 20 195, The s
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t he same surface reaction procedure disclgsed in the above patents.

In yet titanium dioxide containing such groups with a silicon tetrahalide using the

same surface reaction procedure disclosed in the above patents. In yet

10 another technique, a catalyst compositio_n comprising a fumed, pyrogenic

fitania-silica is prepared by the combustion of hydrogen and oxygen with a

mixture of silicon tetrahalide and titanium halide in accordance with

conventional methods of preparing finely-divided fumed metal oxides and

silica. An alternative method involves grafting various amounts of titania

16 over the hydroxylated surface of an 'inorganic siliceous solid using a titanium

tetraalkoxide. Other techniques for incorporating an oxide or hydroxide of

fitanium on an inorganic siliceous-solid such as dry-mixing, co-precipitation,

impregnation and ion-exchange are also suitably employed.

One class of heterogeneous catalysts particularly suitable for

20 reactivation using the methods described herein is titania-on-silica (also

sometimes referred to as “TiO,/SI0,"), which comprises titania (titanium

dioxide) supported on silica (silicon dioxide). The titania-on-silica may be in

either silylated or nonsilylated form.



10 anot her technique, a catalyst conposition conprising a funed,
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suitable for 20, reactjivation usin ‘a@e nmet hods described herein is

i tani a- on- si Pfacisq gnefod of pretreatieat wilsdpeea e part Upen the form. of
"Tiderr]/Si Qerr]"%, whi ch conprises titania (titanium di oxi de)
supported on Shemical cembinatian in whidhthe companenisarg avidedi but imegertaral n
either silylated or nonsilylated form

7 5 the préteeatatent yoompriseso beating ans indjialiyopipayed axatalyselreranbdl v,
subject to a pretreatnment or activation prior to utilization in an

oxi dati on proagassphdre of a non-fdecime gaet Bach ads Miteddermt Eﬁ?n,%&&bd#\epend
in part upon the form of chemi cal conbination in ich the

heating an | i o G prehelenl: SHEpRgen-coraining G, .G} BRE OREARIER ! 6=
non-reduci Ny gag,eJu6P A Hhl RI5tredtBBAL opBFIPA is to convert the catalyst
components into the form of inorganic oxygen compounds if these
10 components are not initially provided in these fqrms. For example, residual
halide or alkoxy groups attached to silica or titanium atoms may be replaced
by oxygen or hydroxy groups. Temperatures. from about 350° to about
800°C are generally satisfactory for such purpbse. Typical pretreatment
" times are from about 1 to 18 hours. Subsequent to pretreatment, the
15 titanium catalyst is employed in any convenient physical form, for example,
as powder, flakes, spheres or pellets.

Any titanium-halide bonds remaining after calcination may be
hydrolyzed. Hydrolysis may be effected with steam at an elevated
temperature, preferably in the range of from 150°C to 400°C.

20 Another pretreatment method which may be utilized is to treat the
catalyst with an organic silylating agent at elevated temperature. Such

methods are well-known in the art and are described for example, in U.S.

Pat. Nos. 3,829,392 and 3,923,843 (incorporated hereby by reference in



nonoxi de or, preferably, an oxygen-containing gas, e.g., air. One function
served by this type of pretreatnment operation is to convert the catalyst
conponent Wa 9828012he form of inorgani c oxygen conpounds if pEf&Be70ke2s '
conponents are not initially provided in these fornms. For exarrp?e, resi dual
hal i de or al koxy groups attached to silica or titanium atons may be

repl aced by oxygen or hydroxy grgups. Tenperatures from about
350[err] to about 800[err] C are generally satisfactory for such
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50C to 400[err]C .20 . not her pretyeatnent nethod which may be
utilized is to tredieqipeedescribed hé‘ﬁf‘%ﬂwﬁﬁﬁ?{?ﬁa’%cﬁpﬁﬁﬁpen%?Teythlalcﬁﬂ!) agent

at elevagted tepperature. Such met hods are wel | -known in the art and
are descti bed’tﬁg?dﬁﬂ?@?@n irpaciions and are pattigulariydisefid fop oattyzing the
3,923,843 (incorporated hereby by reference in WO 98/ 28072

8 t heapoxigiation of plefins Ssingergenisihydreparaxidesie Alefin apbxidations of

or ganosi | anes, organosi | yl am nes and organosil azanes. Silylation is

typical ly perthisriype are well-knawirt iz thieesirt and dré elesoiitsdd; or akarmplee i vaged
tenperature (e.g., after calcination).
Pat. No. 4,367,342 (incorporated herein by reference in its entirety).
As the olefin reactant in this process may be employed any organic

10 compound having at least one aliphatic olefinically unsaturated carbon-
carbon double bond, generally containing from 2 to 30 carbon atoms, but
preferably from 3 to 10 carbon atoms. Especially for use are linear alpha
olefins of 3 to 10 carbon atoms such as propylene, 1-butene, 1-pentene, 1-

" octene, and 1-decene.

15 The hydrocarbon used to prepare the organic hydroperoxide should
contain at least one secondary or tertiary carbon atom (i.e., a tetra-
substituted carbon atom wherein one or two of the substituents are
hydrogen atoms and the remaining substituents ére hydrocarbyl -groups).
Preferred hydrocarbons include C,-C,, aliphatic hydrocarbons, C,-C,, aralkyl

20 hydrocarbons and mixtures thereof. Specific illustrative hydrocarbons
include isobutane, ethyl benzene, cyclohexane, isopentane, 2-methyl

pentane, methyl cyciohexane, tetrahydronaphthalene, cumene, diethyl

benzene, 3-methyl pentane, and the like.



The af oredescri bed het erogeneous catal yst conpositions are typically 5
utilized in oxidation reactions and are particularly useful for catalyzing
t he WO 983872 dat i on of ol efins using organi ¢ hydroper oRCHEBI7/B62 | n
epoxi dati ons of this type are well-known in the art and are
described, for exanple, in U.S. Pat. No. 4,367,342 (incorporated
herein by reference inits entirety). As the ol efin reactant
in this process nmay be enpl oyed any .orgahic 10 conmpound havi ng at | east

one aliphatic ol efinically unsaturated c n- carbon doubl e bond,
general Iy cont ai nitrge ?W@HY@X%?}@%@:‘ aleeo%er?%;qt;ﬁﬁ%',seg@{e secondawpqrglpgq%l y from
3 to 10 carbagn atons., Especially fqr yse are linear a .. olefins
o' 3 1o 10 camePaPEHESITEHARS Ik pyHEmsToRdes BER arakivirengroxides,
octene, and 1-decene. 15 The hydrocarbon used to prepare the

or gani ¢ hydr opherein @ehydropecoxy group isceihsiituted:for @abydiogensaiosndartheor
tertiary carbon atom(i.e., a tetra- substituted carbon atom

wher ei n one starting hytirddaeboru bStitable wrgaric bydroperoxidés thusgiaoluakeckestiargd t he
remai ni ng substituents are hydrocarbyl groups). Preferred

hydr ocargons gytgl utigdioperadidé | pdraanc Byt odsydreperoxidesr rertiEdrgr r hetal Kyl
20 hydr ocarbons and m xtures thereof. Specific illustrative hydrocarbons

i ncl ude i sobtﬁﬁggec,?g( %, tQﬂBﬁFB@t?ﬂ RYSTbBBRIE ’ethﬂ%ﬁﬁ%eyd%%?gcﬁy e,

pent ane, neth xane, ‘tetfahydronapht hal ene, cunene,

genzene, 3- mebhlin RSB oxiB8chienk Hifiroperoxide, cyclohexyl hydroperoxide,

methyl cyclohexyl hydroperoxide, alpha-ethyl benzyl hydroperoxide, alpha-

alpha diethyl benzyl hydroperoxide, and diisopropylene benzene
10 hydroperoxide.

In the epoxidation reaction, the molar ratio of olefin reactant to
hydroperoxide can vary over a wide range and a molar excess of either the
olefin reactant or hydroperoxide of up to as high as 100:1 can be used. In

| general, molar ratios of olefin reactant to hydroperoxide varying from about
16 50:1 to about 1:10 are satisfactory, although it is preferred to employ molar
ratios of olefin reactant to hydroperoxide of about 20:1 to about 1:1.

The organic hydroperoxide may be supplied in dilute or concentrated
form, with the organic hydroperoxide generally being present in the crude
oxidation product and the purified oxidation product at a concentration of

20 about 5 to 70 percent by weight. The crude oxidation product is prepared
by direct oxidation methods, such methods being well-known in the art. For
example, molecular oxygen may be passed through the hydrocarbon to

convert a portion of the hydrocarbon to the corresponding organic



The organi ¢ hydroperoxi de reactants used are secondary or tertiary

hydr oper oxi des, including aikyl hydroperoxides and aral kyl hydroperoxides,
wher ei n awxyos/zgo®r oxy group i s substituted for a hydrogen ®OCIVERIWO6d2S
starting hydrocarbon. Suitable organic hydroperoxides thus include tertiary
5 butyl hydroperoxide, tertiary anyl hydroperoxide, tertiary hexyl

hydr oper oxi de, tertiary octyl hydroperoxjde, ethyl benzene hydroperoxide,
tetralin hydroperoxide, cunene hydropero de, cycl ohexyl hydroperoxide,

met hyl cyclohexyl hydr oper oxi de, ha et dr oper,oxi de, al pha-

Al pha di et hyl PYdrRgToNdeY o%‘é‘?’bl?f%s Cai ares AbseResh P RESmBIm dn ) s et

hydr oper oxi de. oxi dation reaction, the nolar ratio
of ol efin reatNami2,845,461, 3351I‘§ﬂﬁ o?pé5§)81ﬂe3de¥|54ﬁﬁy2§63ﬁ5§.ﬁ%ﬁs1 .Pdhge and
a nol ar excess of either the ol efin reactant or hydroperoxide of up
to as hi gh as 3]489,810,88)47%,498 and 4,966,706, all ofyehieh afte incoiporatedthareindly ol ef i n
reactant to hydroperoxide varying fromabout 15 50:1 to about 1:10 are

satisfactory, réferéweedin theirientipgtgf erred to enpl oy nol ar rati os of
ol efin reactant to hydroperoxide of about 20:1 to about 1:1.

The orgam ¢ hydr Opgﬁ@gﬂaﬂ@ Jﬁ%ixgﬁﬁm"éf‘ﬂ@ﬁ bﬁi@atlﬁnﬁ %éﬁl@d%ut(?ﬁﬂfe?abéé‘ﬁtﬁ%oz ude

form with the org oxl de genera el ng present I nt

20 " mbout 84 "'»%Wsﬁg'iva’?*%iyﬁm@%ﬁ”tq?ﬁ*@ I 208 choidb g SRR AL "

pr epar ed di .ect o |.da l,on net hods, ,suc t hods .bei ng wel | - known
in the art. am°“'¥t of {' ﬁ%l%ﬁvﬁg&gﬁﬁ'ﬁe%%ﬁeﬁ $IPBugh t he
hydr ocarbon tq convert a portion of the hydrocarbon to the

cor r espondi ng EthgERure oxygen, air, or oxygen combined w:th an inert gas such as

nitrogen can be used. Preferably, the hydrocarbon conversion is in the

10 range of 1 to 50%, with the range of 5 to 20% being preferred where the
hydrocarbon is ethylbenzene.

The epoxidation is conducted in the liquid phase in solvents or
diluents which are liquid at reaction temperature and pressure and are
substantially inert to the reactants and the products produced therefrom.

16 Particularly preferred solvents are the hydrocarbons employed for producing
the organic hydroperoxide reactants, e.g., alkylbenzenes such as
ethylbenzene and isopropylbenzene and tertiary alkanes (an alkane
containing a carbon atom attached to a hydrogen atom and 3 other carbon
atoms) such as isobutane and isohexane. In certain moaifications of the

20 epoxidation process, a portion of the olefin reactant serves as the reaction
solvent and no added solvent is needed. In most instances, however, added
solvent is used. Amounts up to about 20 moles of solvent per mole of

organic hydroperoxide are satisfactory. The process is preferably conducted



10 hydr oper oxi de. Such processes are described, for exanple, in

U S. Pat. Nos. 2,845,461, 3,351,635, 3,459,810, 3,475, 498,
2. 867, 666V03828072 535 3,459, 810, 3,475, 498 and 4, BGI/ERW0663S of
whi ch are incorporated herein by reference in their entirety. 5

Typically, the hydrocarbon oxidation is carried out in the absence of
catalyst at a tenperature of about 1 O0fkerr]C to 200[err]C and 10 to 500
psia for an anount of tinme sufficient to achieve the desired degree

of conversi ok : A g L.ped with an
I nert gas Su(l:'}hagsmert reagflérpn:éb\r/fg%’rirﬁeggﬁggﬁatu@\gdp re%%gféf'g%}:}:%{%é% ocar bon
conversion is in the 10, ran of 1.to % .wWth the range.of 5 to 20%
bei ng prefer rsé’ﬁﬁmﬂ%r‘%atﬂlés desiiably RYaidsLar %’H?qbl\é égﬁw%rﬁ)@ﬁi@!ons are

The epoxidation is conducted in the |liquid phase in solvents or

di | uents whi dnergfere substantially aBRYAROMS- t enper ature and pressure and are
substantially inert to the reactants and the products produced therefrom
15 Par ti cul ar | yrherepaxidationgeaction is suitablyrnongugtasthy boyiof anarety of f or

pr oduci ng t he organi ¢ hydroperoxi de reactants, e.g., alkyl benzenes
such as5b procedurgsbelmzene modificatipn,othe leatize aenaunts tafr taatants) lames (an
al kane containing a carbon atom attached to a hydrogen atom and 3

ot her carbon catalyst andtifsT8oIveHE Braexghafgdd{caas auteklave beshiRar presa@fd ai n
nodi fications of the 20 epoxi dati on process, a portion of the olefin

reactant serygscp andneSRaction mixture Jge@ainvaaéd %gwo le@u&ﬁ&&%%@hgﬁ&i\ | 5

needed. I n nost 1 nstances, however, a ent i s use nount s

up to about 20,00} &8P hnIObretBhrd $6r WY @eired reaction pericd. In another

modification, one reactant is added to the remaining reaction mixture

10 components in increments, as by adding the organic hydroperoxide to a
mixture of the olefin reactant, the catalyst and the solvent maintained at the
selected reaction temperature and p-ressure. In yet another modification,
reaction is effected in a continuous manner as by contacting the olefin
reactant, the hydroperoxide and the solvent during passage through a

15 reaction zone in which the solid catalyst is maintained in particulate form
either as a slurry, moving bed, .ﬂuidized bed or fixed bed, for example. The

liquid containing the reactants may be passed through the catalyst bed, so

that the effluent from the reaction zone is -essentially free from catalyst. By

any modification, the epoxidation process is conducted at moderate

20 temperatures and pressures. Suitable reaction temperatures vary from
about 25°C to about 200°C, but preferably from 50°C to 150°C. The
reaction is breferably conducted at or above atmospheric pressure. The

precise pressure is not critical so long as the reaction mixture is maintained



organi ¢ hydroperoxide are satisfactory. The process is preferably conducted
In an inert reaction environnent so that the present of reactive .
mat eri al’'s wo9szso72such as water is desirably avoi ded. SuitabteEPERISERON
conditions are t herefore substantially anhydrous.
The epoxidation reaction is suitably conducted by any of a variety of 5
procedures. In one nodification, the entire anmounts of reactants, the
catal yst and the solvent are charged to d8 autoclave or sinmilar pressure
reactor and the reaction mixture is nmaintained with agitation at reaction
t enper at ur e ansuhstandially in a pontgasegusiphaser dypicRlpregsuresyary froamebput 1
nodi fi cation, one reactant is added to the remaining reaction mxture 10"
conponent s i n atmospiers & akout $P0atoiosphetes. ofhmepaxidatibropmycsuatessiully
m xture of the olefin reactant, the catal yst and the sol vent nai ntai ned at

the sebhe ehRibd dtdh iadiattiewiss adontinudns, grrsemistohtinubug ehaamer, her
nodi fi cation, reaction is effected in a continuous manner as by

contacting the ol eftg ent cata\A2tha be ééb%rﬁtéﬁriﬁpa%'ﬁe%ﬁﬁ st drdieliqabVvent
duri ng passage throug% sg 15 ﬁeaa}tpi on zone in which the solid catalyst

7 350 mBBRAHELARIR, LGl s P ADeRpRLY, TP B

fluidized bed or or — exanp urd co g the
[eactants, MY b 8RS ShdsBegNlh RSBl XBY, 8¢ eckiores, et Bhof 5
any modiFT At o oneration Simca Ay’ mihor amounts of Bpoxdation reacton solvent,
reactants, and the like adsorbed on the catalyst can be readily removed and
disposed of during such regeneration. Where the catalyst has been
10 deployed in the form of a slurry, it may be readily collected by filtration,
centrifugation, decantation, or other such mechanical means and then
transferred into a vessel which is suitable for carrying out the regeneration.
Alternatively, where the catalyst has been used as a fixed bed, the liquid
components may be simply drained or pumped away from the spent catalyst
15 and regeneration conducted in the same vessel as the catalytic epoxidation
process. In a fixed bed embodiment of the invention, it is preferred to pass
the regeneration solvent through the catalyst as a flowing stream such that
impurities washed from the catalyst are continually carried away from the
fixed bed. Liquid hourly space velocities in the range of from 0.1 to 24 are
20 generally satisfactory. When the epoxidation reaction is carried out in a
fixed bed or a continuously agitated bath, the spent catalyst may be washed

with the regeneration solvent by supplying the solvent instead of the

epoxidation reaction raw materials to the reactor. When the epoxidation



20 tenperatures and pressures. Suitable reaction tenperatures vary from
about 25[err]C to about 200[err]C, but preferably from50[err]C to
150[ er r ] CWER¥28072 reaction is preferably conducted at RFI/ERAFIPE62S

at nospheric pressure. The preci se pressure is not critical so |ong
as the reaction mxture is maintained WD 98/ 28072 :
12 substantially in a non- gaseoug phase. Typical pressures vary
from about 1 at nosphere to about iOO at nospheres. The epoxi dation

; o . : fat che wi : or
oy, SuCcess! Ubddton i pefolfad 8 SklcRtiod festalt ik ot L OUNBRLOT
' lid f Liqui. 5 onents of the reaction, mxture -
i or to regenashRHoRY reribWitg g supePRRARE gy rofiphac sppXidpuch.
L RIS SSh5bd Son ok 6 b ot sl bt o

the |ike adsorbed on the catalyst can be readily renoved and

di sposed of d(Rrefayablycwhile jeating:at @ modarately elpvateditemperatirs), sndagal
deployed in the formof a slurry, it may be readily coll ected by
filtrati &n, removingdbatsuptrgdanbsolutimrant ati on, or ot her such nechani cal

means and then transferred into a vessel which is suitable for
carrying out the r uitableaioiveints for practice 8F therregeharativn prétiss drb Sefedted VSt
has been used as a fixed bed, the liquid conponents may be sinply

drai ned or pugpsfl Wqr,| rHBHAIS, SREBheSat 8lhets, Afriles, 2BSterEICIRIRALON
dation proces

conducted in the sane vessel as the catal ytic epoxi S.

In a fixed bedygraddftandf mli)liﬁrésr't‘f\‘épééff)%uujp?isinﬁlﬁ EhES b8dn'BuRdtRat

other types of solvents are considerably less effective in restoring catalytic

10 performance. The use of water is particularly desirable, not only because
it tends to quickly reactivate the speht catalyst, but also because of its low

cost, non-flammability and ease of disposal. Methanol has also been found

to be particularly effective in restoring catalyst activity. Preferred alcohols

" include C,-C,, aliphatic alcohols as well as C,-C,, aralkyl alcohols.

15 lllustrative C,-C,, aliphatic alcohols include straight chain, branched and
- cyclic mono- alcohols such as methanol, ethanol, n-propyl alcohol, isopropyl
alcohol, n-butanol, sec-butanol, iso-butanol, t-butyl alcohol, cyclohexanol, 2-

ethyl hexyl alcohol, and the like. Suitable C,-C,, aliphatic alcohols also
include diols and oligomers and mono-ethers thereof such as ethylene

20 glycol, diethylene glycol, propylene glycol, tripropylené glycol, propylene
glycol mono-methyl ether, 1,4-butanediol, neopentyl glycol, 1,3-propanediol,
2-methyl-1,3-propanediol, and the like. Examples of C,-C,, aralkyl alcohols

include those alcohols wherein an alkyl group is substituted with both a



t he regeneration solvent through the catalyst as a flow ng stream such that
I mpurities washed fromthe catalyst are continually carried away from the
fi xed bedwaospsore hourly space velocities in the range of fpcaRid7deczs 24
are 20 general ly satisfactory. Wen the epoxidation reaction is carried
out in a fixed bed or a continuously agitated bath, the spent

catal yst may be washed with the regeneration sol vent by supplying

t he solvent instead of the epoxih’at ion reaction raw nmaterials to
the reactor. Wen the epoxidation

13 r BYRHOXY Aroup arq AR armatic Jrup-suah as; fior examplerobenzyia@leshial) yst
may be sol vent washed by renovi ng the supernatant sol ution '
fol I owi ng epofiphatmethy! benzyl alcohol aiphaetiyl beszylajookolaimettgdibetiail t o t he
reactor, agitating the sol vent (preferably, while heating at a

moder at el y el alcahel] dreitherlikeuriéstones doatning frdm 3 tor FINexibed Afoens Hizgy nat ant
sol ution. Suitabl e solvents for practice of the

regenerati on gletRsilizea ifciditd,96r example, acdtbRE) AkEtEPherte? lﬁan{sﬁé,one&
ethers, nitriles, esters, aromatic hydr ocarbons, and m xtures

t her eof . 5SUr pgig| %bb{eﬁ'@or@g%ﬁ SRRRAYinCRAfe, but are not @bg&; ﬁg&%ﬁ%ﬁ{

sol vents are consfdera ss eftective In réstori ng C

erf or mance. u rl ks rly. desirabl.e ot .only because
"t tends o o §anBhed Bhdeb it ARbp Bt M PE R G el BB 115
| ow cost....non-fla ility apnd ease of dj sposal . Methanol has also
been found 2% é'éthyf &thgs %S???%?ﬂ%’? ran feing \Péegieﬂpeidestﬁwtﬂ@t'%aitaleﬁst
ivity. | cohol
activity. Pr eégrﬁt%?n‘?né‘ fr%%: ?wg to ten carbon atoms such as acetonitrile may also be

used. Preferred esters include C,-C,, aliphatic esters (both acyclic and

10 cyclic) such as methyl acetate, ethyl acstate, gamma-butyroladtone, and the
like. Aromatic hydrocarbons may be unsubstituted or substituted with alkyl
groups or the like; particularly preferred aromatic hydrocarbons include C,-
C,, compounds such as benzene, toluene, ethyl benzene, xylene, cumene,
n-propyl benzene, and the like.

15 Without wishing to be bound by theory, it is believed that compounds
which are relatively small in size are generally more effective in restoring
catalyst activity because they may readily enter the pores of the catalyst.
However, size alone is not a good predictor of effectiveness in view of the
fact that washing with propylene or N-methyl pyrrolidone has little effect on

20 catalyst performance.

The solvent is contacted with the used heterogeneous catalyst
composition for a time and at a temperature effective to improve the activity

of the composition (as measured by the rate at which an olefin and an



include (Jerr]-Clerr] aliphatic alcohols as well as Cferr]C [err] aralkyl

al cohots. 15 IllTustrative CJerr]-Cerr] aliphatic al cohols include
strai ght %2808 anched and cyclic nono- al cohol PCIERY76625

met hanol , et hanol, n-propyl al cohol, isopropyl al cohol , n-butanol
sec- butanol, iso-butanol, t-butyl alcohol, cyclohexanol, 2- et hyl

hexyl al cohol, and the like. Suitable Cpgr]-Cerr] aliphatic al cohols al so
i nclude diols and oligoners and nono-ethers thereof such as ethylene 20

| ycol , diethylen I | o1 ki Rl n | ygol opyl ene
o1 veol  mono- notgye Blaffperafdg RRalE iy eBonighl, RIF BErGRfard dfigenne’lc’™
1, 3- propanedi ol , 2-nethyl -1, 3-propanedi ol , and the |ike. Exanples
of “Clert - eppifom suely pontfeie,ALa terpafatife 3l of afiave Am 'ampsratice Bior oi -
1L 0 0t i v upat e S e

benzyl al cohol, al pha- net hyl benzyl al cohol, aipha-ethyl behzyl
al cohol , di neWWhile teempsriatures up to 400°Coanel generally useful, loperativrowithircthe ai ni ng
from3 to 10 carbon atons may al so be utilized including, for

exanpl e, 5acet marye of ftamBOTCNto 2500Ct Bntypivally sufficientntb iviptaiee xatmyi
Suitable ethers include, but are not limted to, straight chain,

branched and gyfbinkarild Witih aCreabbRatie pirioll oFlifie feg] 015 th 72 halias)! ik her s

such _ - as diethyl ether and tetrahydrofuran being preferre
AP T BbRSre gopd tomsdaIOH] b Splathd ool ShoREb Yol aar o
CLerr1-CLert) gahihgh. SaBkss GEAh B0 bPa e e canBlll Blofiity 75,
Aromatic hydr 88%0%%2 Sc'Jf ’tﬁ-‘é/ inl\)/gn |gr?.u ?etfé}alglﬁqhg rpr&s%%?é gstsut}fﬁgem %ohmggnwn
10 the washing solvent substantially as a liquid phase.
In a particularly preferred embodiment of the invention, the used
heterogeneous catalyst composition is contacted with a C,-C; aliphatic
alcohol (either alone or admixed with another solvent such as water) at a
' temperature of from 100°C to 175°C at a pressure sufficient to maintain the
15 solvent substantially in the liquid phase.
Following solvent treatment, the regenerated catalyst may be further
treated if so desired prior to reuse in an oxidation reaction to further modify
its catalytic properties. For example, the washed catalyst may be calcined
by heating to an elevated temperature (e.g., 400°C to 900°C) in the
20 presence of oxygen. A particulérly desirable additional treatment involves
reacting the reactivated catalyst with a silylating agent. lliustrative silylating

agents include organosilanes, organosilylamines, and organosilazanes.

Organosilanes containing from one to three organic substituents may be



groups or the like; particularly preferred aromatic hydrocarbons include

Jerr] . C err] conmpounds such as benzene, toluene, ethyl benzene,
Xyl ene, OMOB82§072 n- propyl benzene, and the like. FCT/EP97/06625

W thout wishing to be bound by theory, it is believed that conpounds

which are relatively small in size are generally nore effective in
restoring catal yst activity because they may readily enter the
pores ‘of the catalyst. However, @l ze alone is not a good predictor
of effectiveness in view of th fact that washing with propyl ene or

N- et hyl  pyr ulizesh insludirg, rfcprthaénm!efré'd@royﬂne&wlsﬂan@.adl@mwd:-pethwmhance
The solvent is contacted wth the used heterogeneous catal yst

conposi ti on itrotdmethyisilane, chilortriathylsitane, chiosédimethyiphenylsilamecand the
activity of the composition (as neasured by the rate at which an

ol efin and afike. Also suitable for use are the hexaalkyl substituted disilazanes such as!5
organi ¢ hydroperoxide react to formepoxide). It is particularly effective

to P%6 F&dﬁﬁé%)fa‘gg@tﬁ isNézaie.2The MG ELdSdcrediRUY S . AT

t enper ature but han the deconposition tenperature of the

sol vent gsel eg\{o‘ﬁd 3,859 48 and 3 93%84%“hh@oﬂp@lﬁl@&a}{é}éﬁ\sgﬂ?&?ﬁ%frﬁ %% are

general I'y us "op éra

wthina ¥2;%§ﬁ'£%tvi* bt fg& of flsRbeberaied ghorf, cppipinin “yibored °
Cond t1 one. _ ISAEAVRIP JBaYDS AORPIPA SL000" SRS o SBHEGR PY tie areshac
catalyst may be performed either before or after the optional calcination
step.
10 The solvent-treated catalyst, prior to silylation, may be subjected to
| hydration wherein the catalyst is contacted with water and then heated or
first heated and then contacted with water vapor. Suitable hydration
temperatures are typically at least 100°C and preferably in the 150°C to
| 450°C range with such heating being continuéd for 0.5 to 10 hours. This
16 hydration step is not essential, however.
Treatment with the silylating agent may be performed either in the
liquid phase (i.e., where the silylating agent is applied to the catalyst as a
liquid, either by itself or as a solution in a suitable solvent such as a
hydrocarbon or even the solvent used to treat the catalyst, provided said
20 solvent does not react with or decompose the silylating agent) or in the
vapor phase (i.e., where the silylating agent is contacted with the catalyst in
the form of a gas). Treatment temperatures are preferably in the 100°C to

450°C range, with somewhat higher temperatures (e.g., 300°C to 425°C)



purposes of this invention. Preferably, the pressure is sufficient to
mai nt di-n t he washi ng solvent substantially as a |iquid phase.
In a partWé%%Wﬁ preferred enbodi nent of the invention, ?'Fﬁé“&gwms
het er ogeneous catal yst conposition is contacted with a (Jerr]-Cerr]

al i phatic al cohol (either alone or adnixed with another solvent
such as water) at a tenperaturgyof from1l 00[err]C to 175[err]C at
a pressure sufficient to maintain the 15 sol vent substantially in the

L dut 9 Phasebeing generally preferrddWheiththe i A5 sbRAL H broahBlialoligfie” 2! 0

catal yst may treate sire or 1o reuse in an

oxarl e, t nodig i Apther terBelsitios (519, 106°C 15 308,0) bnB MBRtedy T
el evat ed tenpe&gt ure e.‘g. , 400[err]Cto 900[err]C in the 20 presence

of oxygen. BiXGRINGIAZARART-r abl e addi tional treatment invol ves-
reacting the reactivated catalyst with a silylating agent. Illustrative
silylating Theggaeneratat-calalysbwhishdias Rernsreagtiyateskini gocondianes and
or ganosi | azanes. Organosi | anes containing fromone to three

or gani cSsubswithutbet grocags iof the invention may be admixed with freshly prepared

16 utilized, including, for exanple, chlorotrinethylsilane,

di chl or odi nethtalyst proeto reuse, if so desired, 'driuset\directignin ond baibddimehbyt si | ane,
chl or odi net hyl phenyl si | ane and t he i ke. Also suitable for use are

the hexaal kythesiehtibH] $1d eitieit aRient i SBeReted so as notfterin@f%m'vﬁtr}\b
hexanet hyl di si | azane. The techni ques described in U S. Pat. 5 S.

3,829, 392 andpdyidatohehitRS Po g dtatsh BRLR)sPisPeusEl S FoR Sxkahibit Whére

epoxidation is performed in the presence of ethylbenzene soivent,
10 ethylbenzene is desirably used as the treatment solvent so that drying of the
reactivated catalyst is not necessary. In other embodiments where the
presence of large émounts of the treatment solvent may adversely affect the
epoxidation results, the .reactivated catalyst is first dried to reduce the level
“ of residual treatment solvent to an acceptable level.
15 EXAMPLES
| Exampie 1

A non-silylated titania-on-silica catalyst was prepared in accordance
with the procedures described in U.S. Pat. No. 3,923,843 and used to
catalyze the epoxidation of propylene with ethyl benzene hydroperoxide in
20 a fixed bed reactor for 526 hours. After ;'emoval from the reactor, the used
catalyst gave only 23% conversion and 90% selectivity to epoxide in a batch
epoxidation of 1-octene with ethylbenzene hydroperoxide (1 hour, 90°C).

Drying in a 120°C vacuum oven had little effect on the activity of the catalyst



entirety) for silylation of freshly prepared titani um containing supported
catal ysts may be adapted for such purpose. Silylation of the washed
cat al yst wewshgo7perforned either before or after the opti opel/EesosszEat | ONn

step. 10 The solvent-treated catal yst, prior to silylation, may
be subjected to hydrati on wherein the catalyst is contacted with
wat er and then heated or first heated and then contacted with

wat er -vapor. Suitable hydration 18t enperatures are typically at

| east 100[err] C and preferably in the 150[err ]JCto 450[ err] C range
with such hed@7HgcoryargionoA0PYueRPXide selestiviy)10 hours. This 15

hydration step is not essential, however. Treatnent with the
silylating agent rﬁgrtibesméﬁhe)dried deactivated catalyst were washdd with wapbuse
(i.e., where the silylating agent is applied to the catalyst as a

liquid, eithesohNmhtsforawd hoursiat thedermperaturesishawsiintid fallowiny tible.sThe as a
hydr ocarbon or even the solvent used to treat the catal yst, provided said

20 sol ventysgesd Ssthl ?E@rhoﬁ% Wér@éul%i—fd@léﬁﬂ?ﬁnéb%é‘izd"@t\bdwuﬁg%%h or in

t he vapor phase I.e., where the silylating agent Is contacted

W th thes cat ghysng esu%alcsolvéd?ethéﬂrté%t@ﬁggfn%ﬁ)1-c&reﬁ%téﬁ%ﬁ$ﬁﬂp@éx Wﬁ‘”es

are preferably Irnt Cran sone

170" P TGk AE ST L 1 1 ati ng agent 15 an

R NN C RTINS

N-methyipyrrolidone* 100 21 93

10  propylene glycol 100 39 85

ethyl benzene : 100 42 86

alpha-methy! benzyl alcohol 100 62 86

isopropanol 80 49 87

gamma butyrolactone 100 24 94

15  tetrahydrofuran | 60 44 84

- deionized water 80 66 86

*comparative example

The epoxidation results confirmed that water, alcohols, aromatic
hydrocarbons, and ethers more effectively improved catalyst performance

20 than the other solvents tested.

Example 2

Example 1 was repeated, but using a silylated titania-on-silica catalyst
prepared in accordance with the procedures described in U.S. Pat. No.
3,923,843. The following results were observed:

25



for the organosil azanes. The regenerated catal yst which has

been reactivated in accordance 5 with the process of the invention nay
be adm xedVQ98/R8072 eshl y prepar ed catal yst prior to PEI/EP97/0662550
desired, or used directly. In one enbodi nent of the invention, the

treatnment solvent is selected so as not to interfere with

epoxi dati on when the regenerated cat al ys% I s reused. For exanple, where
epoxidation is perforned in the presence 8 et hyl benzene solvent, 10

et hyl benzene is desirably used as the ireatnent solvent so that drying of

t he reactivated catalyst is_n aﬁ'écessary. I n ot her enbodi nents
wher e the Solvelr esence of | ar gelemperatureiCt he t r e % BBHP Gonvession may
adversely aff t he epoxi datiqn _results, the reacti ﬁt-ed cat al yst
is first dried to reduce the |evel of residual treatnent solvent to
an accept abl e (120%Vvacuum Bven) EXAMPLES .

Exanpl e nop-silyl ated tani a-on-silica catal yst was

prepar ed Y n aé\km%aﬂe)éfm‘%me with thé'ﬁéir ocedures described¥n U S. Pat.

No. 3,923, 843 ppewsllesé glyice! cat alqgpe the epoxi dation ofopropyl ene
wi th ethyl benzene hydroperoxide in 20 a fixed bed reactor for 526
hours. After ©&mdPenzepdm the reactor, e used cat al§st gave only

23% conversi o 1,202 et 1\ to eppxide in a batch
epoxi dation o '@{%Bﬁm%\%“?ﬂ ée'%@#benzene hydr oper oxi de (1 haﬁr, 90[err]C).

Drying in a liyjpropdamfdlvacuum oven had |8l e effect on the agpivity of the
catal ySt10 gamma butyrolactone - 100 11

tetrahydrofuran 60 9

deionized water 80 33

*comparative example |

Under the aforedescribed regeneration and epoxidation conditions,
15 water and alpha-methyl benzyl alcohol found to be the most effective
solvents for restoring the activity of the catalyst. For reasons which are not
. well understood, the other treatment solvents evaluated were approximately
equally ineffective for such purpose. The observed selectivity to epoxide
was substantially independent of the solvent employed and in each case
20 was approximately equivalent to that of the deactivated catalyst.
Example 3
A deactivated catalyst was prepared by contacting a titania-on-silica
catalyst prepared in accordance with the procedures described in U.S. Pat.
No. 3,923,843 at 100°C with an ethyl benzene solution of a distillation
25 bottoms fraction recovered from a propylene oxide/styrene plant. Catalyst

deactivated in this manner has been found to be similar in performance to



18 (27% conversi on, 100% epoxi de sel ectivity).
Portions of the dried deactivated catal yst were washed with various .
sol vent s Wolosksysz hours at the tenperatures shown ih the fadoePITgsésbl e.

The washed catal yst portions were subsequently dried in a 120[err]C
vacuum oven 5 to renove residual solvent, then tested in batch
1-octene epoxidation using et hyl benzene hydr oper oxi de (one hour,
90[err] Q). 20 Wash YEBHP

% Epoxi de Wash Sol vent Tenperature ;err]C Conver si on
Sel ectivity catalyst deastivatedyby caqtuajnprolonger use jipoan olefin epoxidation

93 10 propyl ene gl ycol 100 39 85

et hyl benzenereaction. 100 42 86

al pha- net hyl benzyl al cohol 100 62 86

i sopr opanol ~ Samples of the deactﬁﬁted titania-on-silica’¢htalyst were washed with

gamma but yr ol act one 24 94 15

t et rahydr of ur R
i oai ved wat@}'ous solvents in a flxed beﬁoat 100°C and 1%6 psig. The eﬁ&é;gatlon

*conparative t t hat
wat er, aéf coho@éaﬂ%r)%sr% ed for freshly p re-B% r%%gg%bg% d%%gbgﬁ#eé%a‘%?éhéﬁ%ct ively
for nance n the her solvents tested.

i d
IExngng?lg 2cat rddibas alys‘tﬁfé‘?rﬁh‘éw'i' 'Q&%""F @'éﬁ'%t?%t'%ut using a silyl ated

titania-on-silica cataly repared in accordance w th the
procedures de¥¥@shbed in U S. Pat. F(g 543, The& EpOKXislE ng
resul ts were 2@epled: 25 _ﬂngSﬂZ8072QCM.!§_'Qn Selectivity
10 fresh catalyst e 75 83
deactivated catalyst ——— 50 85
water 29 53 84
acetone 11 53 87
isopropanol 31 59 85
15
Example

Samples of a deactivated silylated titania-on-silica catalyst were
introduced into a fixed bed reactor and washed with different solvents under

the conditions indicated in the foliowing table:



19 Wash Sol vent

Tenperature [err]C % EBHP Conver si on none

11 i (120[ err] vacuum oven) 5 N- net hyl pyrrol i done* 100

14 Wo P’Hﬁ{??%ne gl ycol 100 PCT/EP97/06625

et hyl benzene 100 21 14

al pha-met hyl benzyl al cohol 100 18

i sopr opanol 80 10 10 gama

butyrolactone 100 - 11 t et rahydr of ur an

60 9 - deioni zed water 80
osp rative exanple Under the aforedescribed

regeneratlo%? epoxi dation conditions, 15 wat er and al pha- et hyl

benzyl alcoﬁbﬁ und to be thegﬁnstceffeublve sol vents for

restoring t Fe®dt |V|ty 'of Y he catal ySt. For reasons which are not
wel | understood, the other treatnent solvents eval uated were approxi mately
equal l'y |neffE£t|ve for such purpose. The observed selectivity to epoxide

was substanéi | I}y i ndependent of the solvent enployed and in each case 20
was appr oxi I equi valent to that of the deactivated catal yst.
Example 3 GHe 8 & Adeacfivat g cat3l yst was prepared by contacting a
titani a-on- S|I|ca catal yst prepared in accordance with the
procedures de crlbed in US. Pat. No. 3,923,843 at 100[err]C with
an et hyl benzan solution of a distillation 25 bottoms fraction
recovered fnogl propyl ene oxi de/ styrene plant. Catal yst
deactivated® § thg,nqgne& has“peentgounqmto be simlar in performance to
20 wo-e
g
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cat al yst deactivated by actual prolonger use in an ol efin epoxidation

reaction. Sanpl es of the deactivated titania-on-silica

catal yst were washed with various solvents in a fixed bed at -
100[ er r ] Svabshed?® psig. The epoxidation 5 results obseromeEPdesssr eshl'y
prepared catal yst, deactivated catal yst and the treated catal ysts
are shown in the follow ng table: Wash % Na -
% EBHP % Epoxi de Sol vent Renoved

Conver si on Selectivity 10  fred® catal yst 75

83 deactivat ed catal yst --- 50 85

wat er The washed gatalysts were evalusted as catalysts for tiges batch

acet one

i sopr opanol epoxidation of 1-oct%11e under the followin@éonditions 90°C, 1 ho@% 6i15 1-

Exanpl e 4 . Sanples of a.deactivated sil

titani a- on- siocteng: %tgylaﬁei;gp%yéroperoxﬂe Féﬁ“%ﬁdﬁ& mﬁf‘gaé"’ftywvﬁé%d react or
and washed wiith different solvents unde condi tions indicated
in the foll ol fRculatedas a percentmgpéﬂzgmtg k of the;fgeshly prepared catalyst.

5 It was found that, under the treatment conditions employed, methano! was
significantly more effective in restoring the activity of the deactivated
catalysts than the other solvents tested.

Example §
The efficacy of various aliphatic alcohols in restoring the performance
10 of a deactivated titanium-on-silica catalyst was determined using the same
procedures described in Example 5. The reactivation conditions used and

epoxidation results obtained are shown in the following table:
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22 The washed catal ysts were evaluated as catal ysts for the

bat ch epoxi dation of 1-octene under the follow ng conditions:
90[err]C 1 hour, 6:1 1- oct ene: et hyl benzene hy ro erOX| de )

( EBHP) . ﬂ@“&’ent activity recovered i s cal culk

percentage of the rate k of the freshly prepared catal yst. It was

found that, under the treatnment conditions enployed, net hanol was
significantly nore effective in restori % the activity of the, deactivated
catal ysts. than the other solvents t-est The effi cacy of

donctivated o1 ;ﬁ. crelkesnt ihprGe Rl R B BHABITRRE Sheehipd focBecf.

Cpoxi dat | on AL FAVEHE lpSieR SFEPURAR SXAPRWHG/S SRbrRgePabves utlzsd.
23

It is not known why a decrease in activity as compare to the deactivat'ed.
catalyst was observed under these conditions using isopropanol, particularly
. 8 since in other tests such as those described in Examples 1-4 isopropanol
was found to be an effective regeneration solvent.
Example 6
This example demonstrates the effect of increasing temperature
and pressure when methanol is employed as the washing solvent. A
10 deactivated titania-on-silica catalyst was washed with methanol under the
conditions shown in the following and _then evaluated as an epoxidation

catalyst.
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24 Significant inprovenent in catalytic activity was

observed for each of the solvents tested, except in the exanple
wher e i-sopropanol was utilized. It is not known why a decrease’in
activity‘§@9§3W$hre to the deactivated cat al yst wEFCTHERIZ06628 under
t hese conditions using isopropanol, particularly 5 since in other
tests such as those described in Exanples 1-4 isopropanol was found
to be an effective regeneration solvent2 Exanpl e 6

Thi s exanpl e denonstrates the effect- of™1T ncreasing tenperature d

an
eactivat ed 11 t anihecaetify SReieOReb iR Yookt W ibindbay Rt at,  ne
condi tions sheshiy prédag%d chtabysdt by pradtite of thry régemeeatiors protesg@laifiid on

catal yst. ,
y herein.

Example 7
5 Samples c;f a'deactivated catalyst prepared in accordance with the
| procedures described in Example 3 were wéshed with various solvents in a
fixed bed under the conditions shown in the following table.
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The activity of the deactivated catalyst was restored to nearly that of
freshly prepared catalyst by practice of the regeneration process cl ained

herein. woosksapple 7 5 Sanpl es of a deacti vatmeh/Eps7 eyt
prepared in accordance with the procedures described in Exanple 3
were washed with various solvents in a fi xed bed under the conditions
shown in the follow ng table. 2%7 [err]

The washed catalysts were tested in batch 1-octene epoxidation (6:1
octene:EBHP) at 80°C (1 hour). Improvement in catalytic activity was

observed for each solvent evaluated except for N-methylpyrrolidone.



[err] [err] 28 The washed
catal ysts were tested in batch 1-octene epoxidation (6:1 octene: EBHP) at

90[err] C (wolgesoy2 | nprovenment in catalytic activity was OobPSEEFEweE®y each
sol vent eval uated except for N-nethyl pyrrolidone. -

"

1. A method of regenerating a used non-zeolitic heterogeneous

WE CLAIM:

catalyst composition comprised of an oxygen compound of silicon in
chemical combination with an inorganic oxygen compound of titanium, said
method comprising contacting the used heterogeneous catalyst composition
with a solvent selected from the group consisting of water, alcohols, ketones,
ethers, esters, nitriles, aromatic hydrocarbons, and mixtures thereof at a
temperature of 20°C to 400°C to produce a reactivated heterogeneous
catalyst composition.

2. The method of claim 1 wherein the solvent is selected from the
group consisting of water, C,-C,, aliphatic alcohols, C,-C,, aralky! alcohols,
C,;-C,, ketones, C,-C; aliphatic ethers, C,-C,, aliphatic nitriles, C;-C,,
aliphatic esters, C4-C,, aromatic hydrocarbons, and mixtures thereof.

3. The method of claim 1 wherein the temperature is from 50°C

to 250°C.

4, The method of claim 1 wherein the oxygen compound of silicon
is silica.

5. The method of claim 1 wherein the used non-zeolitic

heterogeneous catalyst composition has been used to catalyze epoxidation
of an olefin using an organic hydroperoxide.

6. The method of claim 1 comprising the additional step of
calcining the reactivated heterogeneous catalyst composition.

7. The method of claim 1 cbmprising the additional step of
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1. A nmethod of regenerating a used non-zeolitic heterogeneous catalyst

conposi tion conpri sed of an oxygen cQ ‘\si licon in chemcal &
conbi nat i gry fdshy@n | NOrganic E“ ﬁ f- titani | d_pnet hod -
conprising contacting the used he s Catal yst cg%@?#’f’?fﬁsvmth a
sol vent sel ected fromthe group cofdsisting of water, alcohols, ket ones,
ethers, esters, itriles, aromati ¢ hydrocarbons, and m xtures thereof at a

t enperature of 20C to 400[err]C to prygduce a reactivated heterogeneous
caal yst conposition. 2. The et hod of caim 1l wherein the solvent is

sel ected f ronsnylmar@rtnupeamnateﬂﬂetaro@éneous«eé@rystﬁmpghﬁ%\ g\{.ﬂaréﬂgrapfé e

al cohols, preferably Clerr]-Cerr] aliphatic al coho

ar al kyl- al cohgiwgatin @rrl-Clerr] ketones, (Clerr]-Clerr] aliphatic ethers,
Cerr]derr] alyifaphagtlaéénitriles, Cerr]-Clerr] aliphatic esters,. :
Cerr]-Cerr] aromatic hydrocarbons, and m xtures thereof. 3. . The
nmet hod of claim 2 wherein the solvent is selected fromthe group consisting
of water,. nethangl, elrnanol I sopropanol, n-butanol,

i so- but anol : sec- b8t anol emethﬁﬁbgﬁgﬁﬁoﬁ@%em ecyganiexygen compoundThe
met hod of any preceding claimwherein the tenperature is from50[err]Cto
250 C. pr ef ePHiBRDiUM igheleaieq &om thergsoup sonsistingof titanitme opigeiso titarfiumny
precedi ng cl ai mwherein the oxygen conpound of silicon is silica. 6.
The met hod of hydraxides, and mikturesithereafal yst conprises a titania-on-silica
catalyst. 9. The method of claim 1 wherein the used heterogeneous
catalyst composition is maintained in a fixed bed and the solvent passed
through the fixed bed.
10. The method of claim 1 wherein said contacting is performed
for a period of time of from 0.5 hours to 12 hours.
11. A method of regenerating a used non-zeolitic heterogeneous
. catalyst composition which has been used to catalyze epoxidation of an
olefin with an organic hydroperoxide and which is comprised of silica in
chemical combination with an inorganic oxygen compound of titanium, said
method comprising contacting the used heterogeneous catalyst composition
with a solvent selected from the group consisting of water, C,-C,, aliphatic
alcohols, C,-C,, aralkyl alcohols, C,-C,, ketones, C,-C, aliphatic ethers, C,-
C,, aliphatic nitriles, C,-C,, aliphatic esters, C;-C12 aromatic hydrocarbons,
and mixtures thereof at a temperature of from 50°C to 250°C for a period of

time of from 0.5 hours to 12 hours to produce a reactivated non-zeolitic

heterogeneous catalyst composition.
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7. The nethod of any preceding.cl ai mV\herei n the used non-zeolitic
het erogeneous catal yst com has been used to catal yze

epoxi dat i eoof2gemz ol ef i n M‘“\ hydr oper oxpcoEPY7/06625 8.
The net hod of any pr ecedl | onprising the additional step of '

cal cining the reacti vat ed het erogeneous catal yst conposition. 9.
The met hod of any preceding claimconprising the additional step of
silylating the reactivated het erogdfheous catal yst conposition with an
organic silylating agent. 10. The nethod of any preceding claim

wherein the inordgihi c, Thexygtinod obolairarid wherein the salventisiseleateddtard from
the group consisting of titanium oxides, titanium hydroxides, and

m xtures therahé group considgtiid ef watérpﬁmhamyewramﬁm-p@pa%al@@:ﬁ%@bﬁbﬂ the
used heterogeneous catal yst conposition is maintaine in a fixed bed

and the sol ver{.hiamdtdsd-BufiH §é1§buﬂah6pt%@anol and mix s th8fedfet hod of any

precedi ng cl ai m\/\herel n sald contacting'is perforned for a perlod of t| e

of fromO0.5 hours t r f i ed|
cl ai mwherein the o ven #éﬁ%tgggeaf ?‘%r ou Epﬁlﬁg@&& adﬁﬂ@% (:}? | qui d
hourly space Ve'lcgrcnlntg%he reacgtlvated non-zeoﬁfxc heterogeneous catalyst composition.

14. The method of claim 11 comprising the additional step of
silylating the reactivatéd non-zeolitic heterogeneous catalyst composition
with an organic silylating agent.

15. The method of claim 1 wherein the inorganic oxygen
compound of titanium is selected fro.m the group consisting of titanium oxide,
titanium hydroxides, and mixtures thereof.

16. The method 6f claim 11 wherein the used non-zeolitic
ﬁeterogeneous catalyst corﬁposition is maintained in a fixed bed and the
solvent passed through the fixed bed.

17. The method of claim 16 wherein the solvent is passed through
the fixed bed at a liquid hourly space velocity of from 0.1 to 24.

18. The method of claim 11 wherein the used non-zeolitic
heterogeneous catalyst composition is initially prepared by impregnating
silica with titanium tetrachloride, drying, and calcining at a temperature of
from 500° to 900°C.

19. A method of regenerating a used titania-on-silica catalyst

composition, said method comprising contacting the used titania-on-silica
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14. The met hod of any precedi ng clai mwherein the used non-zeol itic

tetrachl ori

EZE :Ir sg?r:;gggg&éy on is prede}mmlnm

to 900[err]C.

et g si v ca %%%{g. i

fying, and cal ¢initng*atsa tenperature of err]C.
15. A nmet hod according to any precedi ng cI ai m where the

pressure is effective to maintain the solvent substantially in a liquid

phase.:

32

catalyst composition with a C,-C; aliphatic alcohol at a temperature of from
100°C to 175°C and a pressure effective to maintain the C,-C; aliphatic
alcohol substantially in a liquid phase to produce a reactivated titania-on-

silica catalyst composition.
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