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Process for the Production of Epoxides fromdefins The inventi r%nat es
to a process for the production of epoxides fromolefins. It ig?ﬂ to
produce epoxides by reaction of olefins with hydrogen peroxide in the
presence of titaniunsilicalite TS1 (EP-A 0 100 119). The known process has
t he di sadvantage that the epoxide yield is Yeduced by acid-catalyzed |Io

subsequent reactions of the eppxide with water_qQr with t sol vent. present
i he react | on i BEAPESS AP AP cEBP RGO U CRAIRS AR RS
titaniunsilicalite TS1. It is known furthernore to produce epoxi des by
reaction of 15 olefins wth hydroge eroxide in the presence of a
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process the anmpmisded tesesolseihd or the neutralization of the catal yst
(titaniunsilicalite TS1) nust be selected within narrow limts, since an
exceedi ng 20 of the limt leads to a severe |oss of activity of the
catalyst (M GI{esiknowai &b .produraadpadidest ay seactdon 6 018Fins993xh.

arge amount s BISEREER PERRIgs T SO T S D0 et Ty R IFAL 136 H80 he
25 conplete inEkiAioMod 1he) rearié dmowtheymeanthasnttit idiBaprevitdes a
process for thg, pr oduet Lot Pl epRK] o5 1 ALy AN ixdggen per oxi de
16 subsequent reactions of the epoxide with water or with the
solvent present in the reaction mixture, which are brought

about by the weakly acid titaniumsilicalite TS1.

It is known furthermore to produce epoxides by reaction of

15 olefins with hydrogen peroxide in the presence of a
titaniumsilicalite TS1 pretreated with bases (EP-A 0 230
849). In this process the amounts ¢of bases used for the
neutralization of the catalyst (titaniumsilicalite TS1)
must be selected within narrow limits, since an exceeding

20 of the limit leads to a severe loss of activity of the
catalyst (M.G. Clerici et al., Journal of Catalysis 140,
71 - 83 (1993)). The known process has the disadvantage
that the treatment with relatively large amounts of bases
leads to a severe loss of activity, as far as to the

25 conplete inhibition of the reaction.

The present invention provides a process for the production
® of epoxides from olefins. and hydrogen peroxide in the

presence of a titanium atom~containing zeoclite as catalyst,
30 which is characterized in that before or during the

reaction neutral- or acid-reactive salts are added to the

catalyst. .

The neutral- or acid-reactive salt can contain one or more
'35 cations from the group Li','Na'f_K’,'NHf} RNH,' or R,NH,',



presence of a titaniumatomcontaining zeolite as catalyst, 30 which is
characterized in that before or during the reaction neutral- or
acid-reactive salts are added to the catal yst. The neutral - or
acid-reactive salt can contain one or nore 35 cations fromthe group [err]
or [err] 2 wherein Rrepresents an al kyp group with 1 to 6 carbon atons.
As the neutral- or _acid-reactive salt, a salt of the 5 conposition [err] or
of the conpostREERIT R rTeREASHRET FAM XY TP Wit i FT & 2R esent s
[err] or [er&fomsid [err] represents J[err] or [err] In one enbodi nent of
the invention, the catalyst containing 10 titaniumatons is reacted before
Its use for the epoxidation with a solution of a neutral- or acid-reactive
salt in waterAsrthe atabhal: sepacihd-eredaioind Bsltsolaitsadt, apttitanal |y

washed with water and/or ol ven d subsequgnt]|y. d for_th

oot dat on oFomRo8TEIPh Aabo0relE RAE BURBSHNEn NG ceRl piriEerablve
for the treatbentsed, t hreralal MStrapmedemtsaniiéd Wat waenok. 8AQL amal K~ and
the represents NO.", Cl0, ", Cl™ or H,PO, .

In one embodiment of the invention, the catalyst containing

10 titanium atoms is reacted before its use for the
epoxidation with a solution of a neutral- or acid-reactive
salt in water or an alcohol, separated from this solution,
optionally washed with water and/or a solvent and
subsequently used for the epoxidation of an olefin. The

15 concentration of the salt solution used for the treatment
of the catalyst can be varied between 0.0001 mol/l and the
saturation limit, preferably between 0.01 and 1 mol/1l,
wherein in contrast to-the prior art even concentrations of
0.1 mol/l and higher have no unfavourable effects on the

20 catalytic activity of the treated catalyst in the oxidation
reaction. Temperature and duration of the catalyst
treatment may be selected within wide limits and are only
restricted by the rate of mass transfer between catalyst
and.salt solution at low temperature and short treatment

25 time and the stability of the catalyst towards hydrolysis
at high temperature and long treatment times. The salt
solution used for the treatment of the catalyst can
advantageously be reused repeatedly, the number of possible
reuses being dependent on the concentration of the salt

30 solution and the quantitative ratio of salt solution to
treated catalyst. |

In another embodiment of the invention, the treatment of
the catalyst is carried out during the epoxidation

35 reactién. For this purpose the salt, optionally as a



saturation limt, preferably between 0.01 and 1 nol/l, wherein in contrast
to the prior art even concentrations of 0.1 nol/l and higher have no
unfavourabl e effects on the 20 catalytic activity of the treated catal yst
in the oxidation reaction. Tenperature and duration of the catalyst
treatnment may be selected within wide lim4s and are only restricted by the
rate of mass transfer between catal yst and salt solution at | ow tenperature

and short tr SRR ER (WAL Sh T RNAES ISolyest ¢ ke edegry&d thehar ds
hydrol ysi s atgivddt Tenqeratalrte i 4o i LHiadt BENthkl Bpoxidaeisal brsebution

used for the treat t of the catal yst can_ advant ageously be reused
repeatedly, tH¥ e dtateid it élgl%{]slé’stﬁ’& r?@od‘é%@ﬁd@ﬁ‘t rgRcthen- The
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added to the hydrogen peroxide used for the epoxidation
without having an unfavourable effect on its stability in
10 storage.

In a continuous embodiment of the epoxidation reaction, the

treatment according to the invention can be carried out

both by a continuous and by an intermittent addition of the
15 salt used for the catalyst treatment.

The epoxidation of olefins with hydrogen peroxide in the
presence of a catalyst containing titanium atoms, which is
treated before or during the epoxidation reaction with a
20 neutral or acid water-soluble salt, has the advantage over
known processes that with reduced by-product formation a
variation of the amount of the substance used for the
treatment of the catalyst does not have an unfavourable

effect on the catalytic activity of the catalyst during the
25 epoxidation reaction.

The process according to the invention can be applied to
all olefins that can also be epoxidized with the non-
pretreated catalyst. For example, the clefins that are

30 listed in the document EP-A 0 100 119 can be used. Olefins
with 2 to 16 carbon atoms that are unbranched or
substituted with methyl groups as well as allyl chloride
and allyl alcohol, especially propylene, butene-1, butene-

2, isobutene or pentene-1 can preferably be used.



one of the materials used in the epoxidation reaction. The anount of salt
can then be chosen so that the salt 5 concentration in the reaction m xture
is between 0.0001 and 1 nol/1, preferably between 0.001 and 1 nol/I|. The
neutral - or acid-reactive salt can advantageously al so be added to the
hydr ogen peroxi de used for the epoxidation w thout having an unfavourable

ef fect on it%hst%gli& .H n,10 storage. I.n g co tinuogs enbod%ngnt of the
epoxi dati on reaction, & FW@&PWEHP 8888Fd|ﬁ8 6 PRE% AVeAFPOR EEN be
carried out lentabiyniang drhttiemicms adodsby tatanntmsiiliteht taddi wioh ®FIt he 15

sal t used for, Lo Galal St iealTenta ) 108 SPOXEAAlERN oL B gELNS W th

hydr ogen per oxi de i the presenceé of %3 cat al ySt contal ni ng |?an|un1atons,
whi ch is tredtiddrieio e tar- zanliing .t h&Sedbxiwdahi ther eictictnrei ofi aedQite
neutral or. acidg,.\ - bl I .has n r owWn processes
t hat mﬁth:}eg%%%gﬁiﬁ%hﬁggébfﬁ?E?ﬁgpﬁg% §EQ§F?3¥?O%§g§ ?ﬁg gégunt of the
subst ance useddumtunee t rBatsemecdfitielse agat knpen doew tbe Haléomnng

unf avour abl e gff&cty the catalytic activity of the catalyst during the 25
epoxi dation reaction. The process according to the invention can be applied
to all olefins that can al so be epoxidized with the non- pretreated

catalyst. Forp @XMl NG &HNS13t arge 30 47 798
10
Titaniumsilicalite-2 (TSZ) BE 1 001 038; J.S. Reddy, R.
Kumar, P. Ratnasamy, Appl. -
Catal. 58 (1990) L1

15 Titanium beta-zeolite ES 2 037 596, M.A. Camblor,
{Ti-beta) A. Corma, A. Martinez, J.
Perez-Pariente, J. Chem.
Soc., Chem. Commun. 1992, 589

20 TS-48 : D.P. Serrano, -H.X. Li, M.E.
Davis, J. Chem. Soc., Chem.
Commun. 1992, 745

Titanium mordenite G.J. Kim, B:R. Cho, J.H. Kim,
25 Catal. Letters 1993, 259

Preferably titaniumsilicalite-1 and titaniumsilicalite-2

are used, and most preferably titaniumsilicalite-1.



30 listed in the docunment EP-A O 100 119 can be used. Jdefins with 2 to
16 carbon atons that are unbranched or substituted with nethyl groups as
well as allyl chloride and allyl alcohol, especially propylene, butene-1,
but ene- 2, isobutene or pentene-1 can preferably be used. 35 4 The
foll owi ng known conmpounds can be used as z®olites containing titaniufm
atonms: titaniunsilicalite-1 with Ml structure, titaniunsilicalite-2 with
MEL struct ur &FTR%G5 um bet a- zeolite, TS-48 with the structure of zeolite 5
ZSM 48 as well as titaniumnordenite with the MOR structure. These zeolites
are known fr t following |literature: Titaniunsilicalite-1 (TS1) DE
30 47 798 10 W% gﬁ?%r#ﬁ]t fihg SISy tLr@E eBB1eg38r 4. . s. Reddy, R
Kumar, P. RattndsanumsiipplcalGatealareb&isgDothikch d%e Preparath betardeokite
ES 2 037 596 Iw{%eQﬁgplor {Ti -.het

Marti nez 'to ormdtion in ij.A. Martens et al., Apél.cegggi.A'
A 99 (1993) 71-84 and are designated below as Catalysts 1,
2 and 3.
Example 1

10

Determination of the catalytic activity of

titaniumsilicalite in the epoxidation of propylene with

hydrogen peroxide

15 1 g Catalyst 1 in 300 ml methanol are charged at.40 °C under
propylene atmosphere to a thermostated laboratory autoclave
with gas—-dispersing stirrer and saturated with propylene at
an excess pressure of 3 bar. Then 13.1 g 30 wt.% aqueous
hydrogen peroxide solution are added in one portion with

20 stirring and the reaction mixture is maintained at 40 °C and
3 bar, propylene being subsequently added in doses via a
pressure regulator in order to compensate the consumption
by the reaction. Samples are taken at regular intervals
via a filtef and the hydrogen peroxide content of the

25 reaction mixture is determined by redox titration with
cerium(IV) sulphate solution. The plotting of 1In (c/co)
against the time t, where ¢ is the measured H,0,
concentration at the time t and c¢ the calculated H;0,
concentration at the start of the reaction, vyields a

30 straight line. From the gradient of the straight line,
with the equation dc/dt = -k.cC.Cecar, Where cecac represents
the catalyst concentration in kg catalyst per kg reaction

mixture, the'activity'characteristic k is determined as
15.0 min™’.



Perez-Pariente, J. Chem Soc., Chem Commun. 1992, 589 20 TS-4.8

D.P. Serrano, H X Li, ME. Davis, J. Chem Soc., Chem Comun. 1992, 745
Titani um nordenite GJ. Kim B.R Cho, J.H Kim 25

Catal. Letters 1993, 259 Preferably titaniunsilicalite-1 and
titaniunsilicalite-2 are used, and nost prgferably titaniunsilicalite-1.

5 Exanples For the follow ng exanples, three sanples of titaniunsilicalite
are used, Mi%]@ﬁ)r?e'&ared according 5 to the information in J.P. A
Martens et al., Appl. Catal. A 99 (1993) 71-84 and are designated bel ow as
Catalysts 1, 2 and 3, Exanple 1 10 Determnation of the catalytic activity
of titaniunsifelalyEecidcthel&poxd ddie ont etnigiid iGed Afia Hafddeshen

per oxi de according to the invention in the epoxidation of propylene

5 g Catalyst 1 are suspended for 4 h at 20 °C in 500 ml of a
solution of 0.1 mol/l of a neutral or acidic salt in
completely deionized water, then filtered, washed with
completely deionized water and methanol, and dried by

10 exposure to air at 20 °C. The catalytic activity in the
epoxidation of propylene of the catalyst samples thus
treated is determined.éccording to Example 1. Table 1
shows the salts used for the treatment of the catalyst and
the catalytic activities of the treated catalyst samples.

15
Table 1
Catalytic activity in the epoxidation of propylene of
titaniumsilicalite after treatment with neutral or acid
20 salts. '

Example Salt used for Activity index
treatment in min™
1 -~ 15.0
2 Na250, 16.4
3 (NH4) 2504 11.7
4 NH4NO3 9.4




15 1 g Catalyst 1 in 300 m nethanol are charged at 40 [err] under

propyl ene at nosphere to a thernostated | aboratory autoclave with

gas-di spersing stirrer and saturated with propyl ene at an excess pressure
of 3 bar. Then 13.1 g 30 wt. % aqueous hydrogen peroxi de solution are added
in one portion with 20 stirring and the reaction m xture i s naintained at
40 [err] and 3 bar, propyl ene being subsequently added in doses via a
pressure regHMRATAT 6t defemR) eompénsat e the consunption by the reaction.
Sanpl es are taken at regular intervals via a filter and the hydrogen
peroxi de content of the 25 reaction m xture is determ ned by redox

titrati on wi tFrleRkYiig 1A59t5 Bhate W6 @RBE datRenprdt PEREYSEREn Lc/ [err])
against the (4 d; uilef fo s ] e thiedias uiias HaleCaveehtiall 08 Bhet he time
t and [err] the cal cul ated H202 concentration at the start “of the reaction,
yields a 39 stradghirtine. Fromthe gradient of the straight line, with the
equation dc/dt = -k.c.[err], where [err] represents the catal yst
concentration in kg catal yst per kg reaction m xture, the activity

char act eri st iExdnpkegiedef mredregedtzzd mul] dnstead of the neutral or

acidic salt a solution containing 0.1 mol/l of a base in
completely deionized water is used for the treatment of the
10 catalyst. Table 2 shows the bases used for the treatment
of the catalyst and the catalytic activity of the treated
catalyst samples: )

Table 2
15

Catalytic activity in the epoxidation of propylene of

titaniumsilicalite after treatment with bases.

Example Base used for Activity index
treatment in min™
1 —- | 15.0
5 NaOAc 2.2
6 NH,OAC 1.1
7 NH; 0.3
8 NaOH 0.1

20

Examples 2-4 and Comparative Examples 5-8 show that the
treatment according to the invention of the catalyst has
only a small effect on the activity of the catalyst in the
epoxidation'of propylene, while the treatment of the

25 bat@lyst witﬁ bases accoﬁding to the prior art under



Exanpl es 2-4 Catalytic activity of the titaniunsilicalite treated according
to the invention in the epoxidation of propylene 5 5 g Catalyst 1 are
suspended for 4 h at 20 [err] in 500 M of a solution of 0.1 nol/l of a
neutral or acidic salt in conpletely deionized water, then filtered, washed
wi th conpletely deionized water and nmet han®l, and dried by 10 exposure to
air at 20 [err],. The catalviic 1V | e e | dat,i f I of
t he catal yst %%Hﬁ) 558 h%%u%lr e%?rg%ﬂ%lséﬁ etéeérhnﬁtér]lse Iiai%zc&l dilr?gs%t %nE%%%iﬁ%
Tabl e 1 showsadcthivsiayts used for the treatnment of the catal yst and the
catalytic activities of the treated catalyst sanples. 15 Table 1 Catalytic
activity in the epoxidation of propylene of titaniunsilicalite after
treatment w thxareplead or acid 20 salts. Exanple Salt used for

Activity igdex t r eat ment in mn[ferr] 1 .
15.0 2 [err] ' 16.4 3 [err] 11.7
4 [ erDbtermination of by-Prdduct formation in the epoxidation of

propylene with hydrogen peroxide and a titaniumsilicalite

catalyst

10 Example 1 is repeated with Catalyst 2. The activity index
is determined as 23.7 min™?. 1In addition,

2 h after addition of the hydrogen peroxide a sample is
taken and the content of the main product propylene oxide
and the by-products 1—methoxy—2—propanol,.2—methoxy—l—

15 propanol and 1,2-propanediol determined gas-
chromatographically. The proportion of the three by-
products in the total amount of products is determined as
8.6 mol%.

20 Examples 10-12

By-product formation in the epoxidation of propylene with

titaniumsilicalite treated according to the invention

25 Examples 2-4 are repeated with Catalyst 2. The catalytic
activity of the treated catalyst samples and the proportion
of by-product formation is determined as in Example 9.
Table 3 shows the results of Examples 10-12.

30 Comparative Example 13

By-product formation in the epoxidation of propylene with

titaniumsilicalite treated according to the prior art



7 Conmparative Exanples 5-8 Catalytic activity in the epoxidation of

propyl ene of titaniunsilicalite treated with bases according to the 5 prior
art. Exanples 2-4 are repeated, but instead of the neutral or acidic salt a
solution containing 0.1 nol/|l of a base in conpletely deionized water is
used for the treatnent of the 10 catal yst.9 Table 2 shows the bases used

for the treatpent of .the catalyst and the catalytic . agtivity,of the treated
cat al yst san&%&arﬁﬂi"e@ FRARRLE A Y é:eg@f‘%\?fit Vx%h Fﬁgaéﬁﬁgi fat i BHeof

propyl ene of ddttaAnitinsiddtciatittye off ttere hieedtrpRitzedi ththages. skxpbpl end

Base used fc)rthe p§&§§¥%§8§36£’g¥?§ﬁg'u? ng&% determined'gsnéggﬁ%gkp}e 9
[err and is khbwh in Table 3. err 0.3

[err] [err]

Table 3

Catalytic activity and proportion of by-products in the
total amount of products in the epoxidation of propylene

10 with pretreated titaniumsilicalite

Substance used | Activity Proportion of
Example for the treat- | index - by-products
ment in min™ . 1in mol$%
—_ 23.7 8.6
9
Na,S0, . 21.4 2.6
10 '
{NH,) 2S04 15.8 1.6
11
NH,NOs . 20.6 2.3
12 i
NaOAc 4.5 0.7
13

By comparison with Example 9, Examples 10-12 show that the
treatment according to the invention of the catalyst with

15 neutral or acidic salts leads to a considerable reduction
of the proportion of by-product formation during the

epoxidation of olefins with hydrogen peroxide.



8 NaOH 0.1 20 Exanples 2-4 and Conparative
Exanpl es 5-8 show that the treatnent according to the invention of the
catal yst has only a small effect on the activity of the catalyst in the
epoxi dation of propylene, while the treatnent of the 25 catalyst with
bases according to the prior art under 10t herwi se equal conditions causes
a large loss_in catalytic activity. Exanple 9.5 Determ nation of by-product
formation i nEFRBPEBoRRdati on of propyl ene with hydrogen peroxide and a
titantunsilicalite catalyst 10 Exanple 1 is repeated with Catal yst 2. The
activity index is_determned as 23.7 gin%err&. In addjtion, .2 h after
addition of CHERVEr dgés FEPSATEE ¥ishnhPéailyStaken ARE RREL¥ORYeAPAEK t he
mai n product ipr gpytleend n@d G¢& and 2t kanby.- product s 1- net hoxy- 2- propanol ,
2- met hoxy-1- 15 propanol and 1, 2- propanedi ol determ ned gas-
chronatogFaphicaIIy. The proportion of the three by-

Example 15 :

Catalytic activity in the epoxidation of propylene of
titaniumsilicalite treated with NaHpPO,

10 | _
Examples 2-4 are repeated with Catalyst 3, but NaH,PO, is
used as the acidic salt. The catalytic activity is

determined as in Example 1 and is shown in Table 4.
15 Example 16 (Comparative Example)

Catalytic activity in the epoxidation of propylene of

titaniumsilicalite neutralized with NazHPO4

20 Examples 5-8 are repeated with catalyst 3, but Na,HPO, is

used as base. The catalytic activity is determined as in

Example 1 and is shown in Table 4

Table 4
25

Catalytic activity in the epoxidation of propylene of

titaniumsilicalite after treatment with NaH,PO, or Na-HPO,

Example Base used for Activity index
treatment in min™
14 -- 21.2
15 NaH;PO, 12.7
e Na,HPO, 0.3




products in the total anmpbunt of products is determned as 8.6 nol% 20
Exanpl es 10-12 By-product formation in the epoxidation of propylene with
titaniunsilicalite treated according to the invention 25 Exanples 2-4 are
repeated with Catalyst 2. The catalytic activity of the treated catal yst
sanpl es and the proportion of by-product figrmation is determned as in
Exanple 9. Table 3 shows the results of Exanples 10-12. 30 Conparative
Exanpl e 13 By-product formation in the epoxidation of propylene with
titani umsilicakahg1ér 8t £6d acsRp &G ¢ E:henid 06 AHow tnAtCemearative
Exanple 5 is repeated with Catal yst 2. The catal ytic activity of the
neutral i zed chFefyRENEAPFRIAHITLFR The porisini Bt quﬁﬂ%Mﬁﬁﬁééﬁs§ #et®r mi ned
as in Exanpl etRe agdidsrehewiive Nsdeb eaiBrcR JabyesBift By Viffedd itid y and

proportion of by-products in the total 6 anpunt of products in the
epoxidatioﬁ O?c%¥5b9¥eﬂg the catalyst in the epoxidation of propylene.

&onmpared with that, the treatment of the catalyst with the
basic-reactive salt Na,HPO, under otherwise the same

conditions causes a large loss of catalytic activity.

10 Example 17

Catalytié¢ activity of titaniumsilicalite in the continuous

epoxidation of propylene

15 5 g catalyst 3 are charged in 295 g methanol at 40 °C under
a propylene atmospheré to a thermostated laboratory
autoclave with gas-dispersing stirrer and saturated with
propylene at 3 bar overpressure. Then, while stirring, a
nmixture of 475 g 50 wt% hydrogen peroxide, 2225 g methanol

20 and 560 g completely deionized water is charged at a rate
of 300 g/h and simultaneously as much reaction mixture
removed via a filter that the weight of the reactor
contents remains constant. During this, the catalyst is
retained in the reactor by the filter. During the addition

25 of hydrogen peroxide, more propylene is added via a
pressure controller in order to maintain the pressure at a
constant level in the reactor. Samples are taken at the
reactor outlet at regular intervals and the content of
reaction products (propylene oxide, l-methoxy-2-propanol

30 and 2-methoxy-l-propanol} determined by gas chromatography.

Figure 1 shows the concentration of reaction products at

the reactor outlet in mol/kg against the time in min.



10 with pretreated titaniunsilicalite Substance used Activity

Proportion of Exanple for the treat- index by- product s
ment in mn[err] in nmol % 23.7 8.6 9 [err]
21. 4 2.6 10 [err] 15.8 1.6 11 [err]

20. 6 2.3 12 NaOAc 124.5 0.7 13 By

conpari son with Exanple 9, Exanples 10-12 show that the treatnent according
to the invemﬁﬁﬁWRﬁet4ﬁacatalyst with 15 neutral or acidic salts leads to a

consi derabl e reduction of the proportion of by-product formation during the

epoxi dation of olefins with hydrogen peroxide.. 10 Exanple 14 )
Catalytic activity of titaniumsilicalite treated according

to the invention in the continuous epoxidation of propylene

Example 17 is repeated. However, an additional 0.1 mol/kg
ammonium nitrate is added to the mixture of methanol, water
and hydrogen peroxide. Figure 2 shows the concentration of

reaction products at the reactor outlet in mol/kg against
10 the time in min.

Comparative Example 19

Catalytic activity of titaniumsilicalite neutralized

15 according to the prior art in the continuous epoxidation of
propylene

Examnple 17 is repeated. However, an additional 0.1 mol/kg
lithium acetate is added to the mixture of methanol, water
20 and hydrogen peroxide. The concentration of reaction
products at the reactor outlet in mol/kg against the time
in min. is shown in Figure 3.
»
Examples 17 and 18 and Comparative Example 19 show that
25 under otherwise the same conditions the treatment of the
catalyst according to the invention has a less unfavourable
effect on the activity of the catalyst in the continuous
epoxidation of propylene than the treatment of the catalyst
with bases according to the prior art.



Exarrple lis reﬁeatedwlth ‘Catalyst 3. The activity index is determned as

21.2 mn[err] M’m alytic activity in the epoxidation of
propyl ene of t| ’ I treated with NaH2PO4 10 Exanples 2-4 are

repeated with Catal yét 3, but H2PO4 is used as the acidic salt. The

catalytic activity is determned as in Exaggple 1 and is shown in Table 4.
15 Exanple 16 (Conparative Exanple) Catalytic activity in the epoxidation
of propyl ene @fais ani unsilicalite neutralized with [err] 20 Exanples 5-8
are repeated with catalyst 3, but [err] is used as base. The catalytic

activity is determned as in Exanple 1 and is shown in Table 4 Table 4 25
Cat al ytic actiwityiaresfe pgoxiairedustipnopfl erexddesi fapmupdelipgl ite

after treatnment Widdy [Bfddod¥n [Frdx BRI %he fregéﬁ%euﬁ?sdcﬁgﬁlyst of a

Activity index treatnent in mn[ferr]

21.2 1.5 S zeo{]é}q]COntalnlng titahium atoms, characterized in
that neutral- or acid-reactive salts are added to the

catalyst before or during the reaction.

2. Process according to Claim 1, characterized in that
16 the salt used for the treatment of the catalyst
contains one or more cations from the group Li*, Na’,
K*, NH,*, RNH:' or R,NH;', wherein R represents an
n~alkyl group with 1 to 6 carbon atoms.

s 3. Process according to Claim 1 or 2, characterized in
that for the treatment of the catalyst a salt of the
composition M'X™ is used, wherein M' represents Li%,
Na*, K' or NH,* and X represents NO; , Cl0,”, Cl” or

H,PO, .
20

4, Process according to Claim 1 or 2, characterized in
that for the treatment of the catalyst a salt of the
composition M,S0, is used, wherein M' represents Li',
Na*, K' or NH,'.

25 _

S. Process according to one of Claims 1 to 4,
characterized in that the catalyst is treated with an
agqueous or alcoholic solution of the salt.

30 6. Process according to Claim 5, characterized in that

the catalyst, before its use for the epoxidation, is
treated with the salt scolution and the salt solution
used for the treatment is reused repeatedly for the
_ treatment of frgsh quar}tities of catalyst.

35



16° [erT] ~ ' Exanpl e 15 and Conparative
Exanpl e 16 show th ccordr ng to the invention of the
catalyst with the F"ﬂmuulmuﬂr I?IIF [err] only slightly affects the 5
activity of the catal yst kn ®hes epoxi dati on of propylene. conpared with
that, the treatnment. of the catalyst. witlh the basic-reactive salt [err]
under ot herwi.se t sanme. condi ti.ons oxe] es a Iar f catal yti
activity. 10 fExa:%ﬁoc?F G ’Sf{lincg a&i of’ tc%(f%é:ﬁlggﬁglg F%a 't ﬁ‘ﬁ‘?& t he
cont i nuous epoxi datheorcadfaloyopyi s rec ekl sl gpycalhal weidiBieaneofh&hgedailt 295 ¢

met hanol at 40 [er chu"{P ‘ﬁ{ @, pcc}gé)yel %r;el(ﬁttn%%pr}:%ra%t& a thernostated

| aboratory aut ocl ave Wit I'spersing stirrer an “Saturated with

propyl ene at 3 bar overpressure Then, Whl I e stirring, a mxture of 475 g
50 w % hydrogen p 2 0.9.conpl etely deionized
water is c%a?eged ng&é’% gc% %Cg]t)'{%/"{? sr mu %alﬁl%o&slt_% gg much reaction

m xture renpved vr@ardrtttelexzedhaxn tttttatwell‘gﬁ*rtsadft tusedr dagt dhec dreartient

remains constant. Jring A d0e FARMPd BALE HH Il Rat RIS OY
of the epoxidation reaction.



25 of hydrogen peroxide, nore propylene is added via a pressure controller
i'n order to maintain the pressure at a constant level in the reactor.
Sanpl es are taken at the reactor outlet at regular intervals and the
content of reaction products (propyl ene oxide, 1-nethoxy-2-propanol 30 and
2- met hoxy- 1- propanol ) determ ned by gas c¢bromat.ography. Figure 1 shows the
concentration of_reaction products at the reactor o tlgé i n nol [kg agai nst
the time in mnProcass goppthe Breduchinn oL GRIAFASPDILEIT Shemkificalite
treated according to the invention in the continuous epoxidation of

propyl ene 5 Exanple 17 is repeated. However, an additional 0.1 nol/kg
ammoniumnitrate is added to the m xture of nethanol, water and hydrogen
per oxi de. Fphgdkeaetshows the concentration of reaction products at the
reactor outlet in nol/kg against 10 the tinme in mn. Conparative Exanple 19
Catalytic activity of titaniunsilicalite neutralized 15 according to the
prior art in the continuous epoxidation of

Process for the production of epoxides from olefins and
hydrogen peroxide in the presence of a zeolite containing
titanium atoms as catalyst, to which neutral- or acid-

reactive salts are added before or during the reaction.

FIG. 2



propyl ene Exanple 17 is repeated. However, an additional 0.1 nol/kg lithium
acetate is added to the m xture of nethanol, water 20 and hydrogen

per oxi de. The concentration of reaction products at the reactor outlet in
nol / kg against the tine in mn. is showm in Figure 3. Exanples 17 and 18
and Conparative Exanple 19 show that 25 under otherw se the same conditions
the treatnment of the catal yst according /3 the invention has a |ess

unf avour abl-e—effect—on-the activity of the catalyst in the -continuous
epoxi datioph of propylene than the treatnment of the catalyst wth bases
according {o the prior art. 13 Cdains 1. Process for the pﬁ@duciion of
epoxi des fyfom ol efi ns and hydrogen peroxide in the presence as catal yst of
asb rgolite containing titanium atons, characterized in fh&t neutral -
or acid-rehdtive salts are added to the catalyst before or durilng th¢
reaction. P. Process according to Claim1, characterized in tfthat 10
the salt uggd for the treatnment of the catalyst '
o
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contains one or nore cations fromthe group Li[err], Na[err], Kerr],
[[err], [err] or [err], wherein R represents an n-alkyl group with 1 to 6
carbon atons. 15 3. Process according to Caim1l or 2, characterized in
that for the treatment of the catalyst a salt of the conposition [err] is
used, wherein [err] represents Li+, [err]or [er] and [err] represents
[err]or [err] 20 4. Process according 263 Claim1 or 2, characterized in
that for thetreatmemt—ofthe catatyst—a satt—of The conposition [enr] is
used, whenein [err] represents [err], [err] or [err] 25 5. Preoceds
according|{to one of Claims 1 to 4, characterized in that the catfalyst is
treated wijth_an aqueous or alcgholic.solution of th i 3 Pr ocess
accordingi{tp Caimb5, characterized in that the catalyst, befarg'its use
for the epokidation, is treated with the salt solution and thel salt

solution yskd for the treatment is reused repeatetly for the tfeatngnt of
fresh quantfties of catalyst. 35
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14 7. Process according to Claimb5, characterized in that the catalyst is
treated by the addition of the salt solution to the epoxidation reaction.
8. Process according to one of Clainms 1 to 4, characterized in that the

salt used for the treatnent of the catalyst is added to one of the feed
materials of the epoxidation reaction. 3/3
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