1 4 JAN 2004 1 Method For Reacting An Organic Conpound Wth A Hydroperoxide
5 The present invention relates to a process for reacting an organi d & JAN 2004
.compound with a hydroperoxide using a heterogeneous catal yst wherein both
the pH and the tenperature of the reaction nmedium are changed during the
reaction. In a further enbodinent, thejresent invention relates to a
process in which the pressure under 10. which the reaction occurs is
changed in addition to the pH and the tenperature of the reaction nedium
In reactions of organic conpounds with a hydroperoxide in the presence of a
het er ogeneous—eatalyst—the—activity-of the heterogeneous catalyst
generally 15 decreases on prolonged use. To be able to reuse the catalyst,
it is in these casgg,RPRESR@Yink An'GERYE CoRBokit WithSA HylifdpeidxiR reactors in
whi ch the reactions are carrlea out and regenerate it outside the -
reactors. In the case of heterogeneous titaniumsilicalite catalysts which
are 20 used,_for exanple, for the reactjon of olefins with hydroperoxide
sol utions? such regeneration processes are carried out, for exanple, by
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of process e€conom cs.
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gradual deactivation of heterogeneous catal ysts which are used in the
reaction of #gEAFHONBIABENGs with a hydroperoxide, it is al so possible to
1 4 JAN 2004

In reactions of organic compounds with a hydroperoxide in the presence of a

heterogeneous catalyst, the activity of the heterogeneous catalyst generally

15  decreases on prolonged use.

To be able to reuse the catalyst, it is in these cases necessary to remove the catalyst
from the reactors in which the reactions are carried out and regenerate it outside
the reactors. In the case of heterogeneous titanium silicalite catalysts which are
20  used, for example, for the reaction of olefins with hydroperoxide solutions, such
regeneration processes are carried out, for example, by calcination of the catalyst at
elevated temperature, as described, for example, in J. Catal. 129 (1991) 159-166.
Another possibility, which is likewise described in this publication, is to wash the
catalyst with suitable solvents. Since regeneration by these methods can only be
25  carried out after the catalyst has been removed from the reactor, these processes
are complicated and therefore undesirable from the point of view of process
economics. Further regeneration methods are described, for example, in WO

98/55228 and the prior art cited therein.

30  To counter the gradual deactivation of heterogeneous catalysts which are used in

the reaction of organic compounds with a hydroperoxide, it is also possible to



2 regulate the tenperature during the reaction so as to conpensate for the
deactivation. It is Iikew se conceivable for tenperature and pressur ¢ it gNo8QL
.k fanged during the reaction in order to conpensate for the deactivation

of the catalysts. This nmethod is described, for exanple, in WO 99/01445,
where tenperature and 5 pressure are simitaneously increased during the
reaction of propene with an active oxygen species in the liquid phase over
a heterogeneous catalyst. A further possible way of influencing the
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the neutral salt Li-Cl in the epoxidation of 1-butene does not adversely
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allyl chloride, which is described in the same document, is significantly impaired

15 by the addition of neutral salts such as LiCl when using a titanium silicalite, while
the addition of HC] improved the activity of the catalyst. In contrast, the addition
of the neutral salt LiCl in the epoxidation of 1-butene does not adversely affect the
activity of the catalyst.

20 EP-A 0712 852 discloses the use of a nonbasic salt to improve the selectivity of a
titanium silicalite catalyst which is used for the epoxidation of olefinic compounds
by means of hydrogen peroxide. The experiments were carried out in the batch

mode at constant temperatures.

25  EP-B 0230 949 discloses a process for the epoxidation of olefinic compounds by
means of hydrogen peroxide, in which the selectivity of the catalysts used, viz.
synthetic zeolites, can be significantly improved by adding, either before or during
the reaction, compounds which neutralize the acid groups on the catalyst surface.
The process described was carried out under isothermal conditions.

30
EP-A 0 757 043 describes a process for preparing epoxides from olefins and

hydrogen peroxide in the presence of a titanium-containing zeolite as catalyst, in



EP-A O 757 043 describes a process for preparing epoxi des fromol efins and
hydr ogen peroxide in the presence of a titaniumcontaining zeolite as$ 4 JAN 2004
.catalyst, in 1 4 JAN 2004 -3 which neutral or acidic salts are added to the
catal yst before or during the reaction. The tenperatures in the reaction
of the olefins with hydrogen peroxide werge kept constant 5 It is found in
practice that the deactivation of the catal yst often does not occur
uniformy. Rather, the initial activity, which is generally very high,
decr eases ver whiguaasialor apidie silts drohddadad the/cataly s ibafare ef qurnmihe deactionvat i on
whi ch can extend over sone hundreds pf h s. lt.is an object of the
present inventi Sr’ieIPBerB?"fﬁ?i‘Béﬂ%mﬁfn&%‘bggﬂ\ﬁﬂ?‘? Sa“l“lﬂbﬁgrgg?rf B‘?&JPB‘ﬁE wefﬁtklc@s ponse
to these diffegpepindeactivation rates of heterogeneous catal ysts which
occur in reactions of organic conpounds w th hydroperoxi des. W have found
that this object is achieved by a process for reacting an organic conpound

with a hydgo | d ' at | t . het | yst, wh in 15
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concerned, all concelvable enbodinents are possi . I'n particular, 'the

reaction can lgeickhr Mhexdisdoliowéd bien relativéle skov teactiativnowhioh camextiendiowet y. Of
course, m xed for r so concei vable, for exanple when the reaction is
carried out iﬁo‘Pﬁmeﬁ%&é’c’é’ﬁages. In this case, it is conceivable for the
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reaction in at Ieast> one further stage to be carried out continuously. 25
In a pref é@r edespobsedionthess diffieremtedanictivationf ratdseothireterogenasxi dratalysth vehieh

organic conpound.is carr icﬁd out conti nHousthg1 wi t h H%n particular, a
cont i nuous st CESHRIBFERCHORK T 058G SRMBRNNAY "R FYAIPETORIASS eact i on nedi um i n
whi ch the reaction takes place.
We have found that this object is achieved by a process for reacting an organic
compound with a hydroperoxide using at least one heterogeneous catalyst, wherein

15  both the pH and the temperature of the reaction medium are changed during the

reaction.

As far as the way in which the process is carried out is concerned, all conceivable
embodiments are possible. In particular, the reaction can be carried out either in the
20  batch mode or continuously. Of course, mixed forms are also conceivable, for
example when the reaction is carried out in two or more stages. In this case, it is
conceivable for the reaction in at least one stage to be carried out batchwise and the

reaction in at least one further stage to be carried out continuously.

25 In a preferred embodiment, the reaction of the hydroperoxide with the organic
compound is carried out continuously, with, in particular, a continuous stream of
hydroperoxide being fed into the reaction medium in which the reaction takes
place.

30  Accordingly, the present invention also provides a process as described above in

which a hydroperoxide solution is added continuously to the reaction medium.



30 Accordingly, the present invention also provides a process as descri bed
above in which a hydroperoxide solution is added continuously to th¢4 JAN 2004
~reaction nedium 1 4 JAN 2004 -4 It is of course also conceivable for two
or nore different hydroperoxide solutions which may, for exanple, differ
i n hydroperoxi de concentration, pH or tegperature to be added to the
reaction nedium 5 The pH of the reaction nedium which in the process of
the present invention is changed during the reaction of the hydroperoxide

with the orgahiieofepmsruplgo censsivable fon Wy aumMeye aitiered Ay diopsioridentodpionsThys,
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to the reacti@mbeHdEd D thd hcAsh fle@iugl, basi ¢ conpound or the m xture of two
or nore thereof may be dissolved in a suitable solvent or solvent m xture

before it is added to the reaction nmedium and the solution can then be
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al so concei vable, for exanple, for two or nore identical or different
conmpounds or bé sttangetbyall soicgtviablggngaps.be added separately from one anot her,
with the additions being able to be carried out continuously or

di sconti nuously. 20 The pH of the reaction nedium can of course al so be

changed vi a tigyf estxainpRants cofteRMble!tewdd alkadh uae atifici ddhpouhie of @alehston
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stream orll fewwbasic eempawdpirismiguierl Wiogammere thenepbdiertyy togthg deactioged

stream conpri si bgth sol ve r ' : ior to
2001 11on fo t FEAPERAEF LT i dnatPaRt bR CHIRBH b o fploReegtaty 1,
to be infl uengedidsblvediis aveyitablenscvemt e esolvedt eilied befote af ist iddlefdr toctss of

t he present invention, the pH of the reacti og r’crledi gm i s.changed rihng t he
reaction by arqa@t,iqrh@e{lwg) @]4 the splytion can then be a ded to the reaction medium. Bot

the addition of the acidic or basic compound or the mixture of two or more thereof
15  and the addition of the solution can be carried out continuously or discontinuously,
and it is also conceivable, for example, for two or more identical or different
compounds or mixtures or solutions to be added separately from one another, with

the additions being able to be carried out continuously or discontinuously.

20 The pH of the reaction medium can of course also be changed via the feed streams
which flow continuously into the reaction medium during the process. Thus, it is
conceivable for the pH of a solvent stream or a feed stream compnsing the organic
compound or else a feed stream comprising both solvent and organic compound to
be changed prior to addition to the reaction medium and for the pH of the reaction

25  medium to be influenced in this way.

In a preferred embodiment of the process of the present invention, the pH of the
reaction medium is changed during the reaction by altering the pH of the
hydroperoxide solution which is added continuously to the reaction medium.

30



hydr oper oxi de sol ution which is added continuously to the reaction nmedium
30 1 4 JAN 2004 5 The present invention therefore al so provides a prbédaf 2004
. as described above in which the change in the pH of the reaction nmediumis
achi eved by changing the pH of the hydroperoxide solution which is added
to the reaction nedium 5 The control of5the pH by neans of the

hydr operoxi de streamcan in principle be carried out by all conceivable

met hods. For .exanple, .it is conceivabl e for, a hydrope ' r ichis
added to the &e&%%qnbﬁnmoﬂn@?rg?%ga o, PIeXIfier ﬁrc{c\‘?\% %)S%é ﬁg@ t]'jsuagggér \é\{qlar ns
before the adgliitd B Amcbelif thdsH RFRf reditioh @astiuR ICachidiel be afhd@nd thelyipught
to a desired value. The two or nore substreans can subsequently be

combi ned agaiofi therhy dkemtroxidesalhéon whichivaddes & therezpsion madiigne conbi ned
stream It is |ikew se conceivable for the substreans to be fed into the
reaction nedi um separately fromone another or, in the case of nore than

two subst seanfhe dotraNYf HRPSIP B Aés G ApdroPéroxilib &tredm Qantil rineRtd ben
medi um 15 can be set either by chan&;il ng the pH of at |east one substrearn

or by appr opreaied outrby ellicnpcesfablgmmethpds.of substreanms or by a conbination of
t hese nethods. Furthernore, it is |ikew se conceivable to vary the pH of
the reaction nmedium by conetering of hydroperoxide solution and at | east

one suitabl e haskempRIMOMNBnedivatie &r d Rpdrbp@bRidacidif wiriop @wadtedrtoathei xt ur e
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streans into inl.tor\ﬂe E&%ﬁ&h AR afRe iséﬂg'rately from one another or, in the case of more than
two substreams, in any appropriate combination. The pH of the reaction medium
15 can be set either by changing the pH of at least one substream or by appropriate

metering of amounts of substreams or by a combination of these methods.

Furthermore, it is likewise conceivable to vary the pH of the reaction medium by
cometering of hydroperoxide solution and at least one suitable basic compound or
20  at least one acidic compound or a mixture of two or more thereof or as described
above, if desired a solution of at least one of these compounds in a suitable solvent.
In such a case, hydroperoxide solution and the acidic or basic compound or
compounds or a solution thereof can be combined in appropriate proportions
before the addition to the reaction medium. It is likewise conceivable for the
25  hydroperoxide solution and the acidic or basic compound or compounds or a
solution thereof to be introduced as separate, appropriately metered streams into

the reaction medium.

The reaction of the organic compound with hydroperoxide can in principle be
30 carried out in one or more steps. In particular, it is conceivable for the organic
compound to be reacted with hydroperoxide in a first step, unreacted

hydroperoxide to be separated off from the mixture obtained as a result of the



The reaction of the organic conpound wi th hydroperoxide can in principle be
30 carried out in one or nore steps. In particular, it is conceivablthﬂﬂsz
- the organic conpound to be reacted with hydroperoxide in a first step,
unreacted hydroperoxide to be separated off fromthe m xture obtained as a
result of the 1 4 JAN 2004 6 reaction anfl; in a second step which is

carried out in a different reactor fromthat in which the first reaction

is carried out, the hydroperoxide | ch _has, been ar at ed f to. be
Foact ed once TEHOR ARAY A A RETGL e P SO & 4 TR s TR R
therefore al sgniph g G186 redc IO 2ifiedDutl GRE Ry D26 SkrakiaY WhdH 63 becRRBArftes at
| east the steps (i) to (iiti): (i) reacting the hydroperoxide with the

or gani ¢ conpaxffith becregiteborcerngainuwith the omganicsiomepond. r eact ed or gani ¢ conpound
and unreacted hydroperoxide, 10 (ii) separating the unreacted hydroperoxide
fromthe mxturé resulting from step (i), (iii) reacting the hydroperoxide

whi ch has sheefysapanatRAndd tHePefsietisol bovid¥d & BrodeliCaidanbed AVRUHIEh 15
where the reactions 1n steps (i) and (iii) aré carried out in at |least two

separ at e r eacorsisenat ledsothie stepe (P kb QMY t he tenperature of the reaction
medi um are changed in at |east one of the reactors used in steps (i) and
(iii1). I'n the process of the present invention, the hydroperoxi de can be

separated of f;in tllesctir%%@mqa@%%&i@n@ﬂh IR8H, ih%nﬁ;toﬂlﬁd (té iglvebdy naikture

customary nmethods known fromthe prior art. Should a plurality of
separation steps (domprisengthevdadied organid eompognd poduinsaaed hydroparexident

separati nmet.hods to be used in different separatjon steps. ]

hydr oper g@i de(“sls pr-a8féa %Itgv glérﬁﬁ?t‘é{l géfgré)f?mﬂ?%dggqli #‘Féfl‘xr(t)"r{girﬁsg{%lgg sfléoﬁ?elr ation
step. 25 Dependi ngepf),t he requirenents of the process, it can be separated
off in one or nore distillation colums. Preference is given to using one
di stillation (@8 unwsadtingt the hydipperpxidsnwhish s besn sepgeated PR GHep tiewith

hydr oper oxi de. the organic compound,

15  where the reactions in steps (i) and (1ii) are carried out in at léast two separate reactors and
both the pH and the temperature of the reaction medium are changed in at least one of the
reactors used in steps (1) and (iit).

In the process of the present invention, the hydroperoxide can be separated off in the

20  abovementioned separation step (ii) by all customary methods known from the prior art.
Should a plurality of separation steps (ii) be provided, it is also possible for different
separation methods to be used in different separation steps.

The hydroperoxide is preferably separated off by distillation in the separation step.
25  Depending on the requirements of the process, it can be separated off in one or more
distillation columns. Preference is given to using one distillation column in the separation

step for separating off the hydroperoxide.

In the process of the present invention, it is possible for not only the hydroperoxide but also
30  the reacted organic compound to be separated off in one separation apparatus from the
mixture resulting from the first reaction step (i) in which the organic compound is reacted
with the hydroperoxide. It is naturally also possible for the reaction product remaining after



In the process of the present invention, it is possible for not only the
hydr oper oxi de but also 30 the reacted organi c compound to be separ at edAbf80i
- in one separation apparatus fromthe mxture resulting fromthe first
reaction step (i) in which the organic conpound is reacted wth the
hydr operoxide. It is naturally also poss?ble for the reaction product
remaining after 1 4 JAN 2004 _7_ the hydroperoxi de has been separated off

to be tra“Sf%é%ﬁm@%%%ﬁ%ﬁﬂ%%ﬁﬁ%%ﬁ@%%%%ﬁe pRVi ded

for this purpos e reacted organic conmpound to fromthe
reaction thergecifically pleidad ¢arskis puipbsd ahdpths shdibdeorginie cengpd & be scpamtedect
the reacted organic conpound in the separation apparatuses and separate it
of f after theffomethersaghs thse.t he organi ¢ conpound with the hydroperoxide are
conpl ete. However, the reacted organic conpound is preferably separated off
in addition to the 10 hydroperoxide in the respective separation

appar at us.5 | finttoth ee@aiadd passiblesfoe axanpdy toodlledtythelfesdtéd draanioogmpoind s the

possi ble, for exanple, to take off th ted or [ c conpound at the top
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distillati O”.M@%ﬂg&&m‘iﬁﬁ%@ﬁmﬁle&?par ation apparatus in the process of the

present 15 inv iron, 1t 1s haturally |likew se possible tqQ separate off
t he hydroperoxide fromthe mxture not via a side off |ake but at the

bottom If the hydroperoxi de and/or the reacted organic conmpound are/is
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are formed as ‘by-products fromthe reac!tlion of the organic conpound wth
t.he hydr oper odistdietidn it liepossipler fat edmpief todaketdficthe) esacterhprganic ¢am atdbhopi vabl e

to reduce the tenperature.at th ottom.hy, for.e | e, addition of
preferably ga@@éﬁ%tﬁweﬁg@w&c%%%‘ﬁe'.l%?a%gséqcci)fﬁag(g‘organi c conpound
itself, preferably propene. 25 Exanples of such |ow boiling conponents are

hydrocarbons having from1 to 4 carbon atons, for exanple nethane, ethane,
propane, but aféen @t distiletiary unjtiiscired s [Separation 2RRARSCIn 19 PERETSeOL; e (EEsentt o

exanpl e, pjl tr J%an%og,rit i rﬁzglgg.'lly likewise possible to separate off the hydroperoxide from the mixture
not via a side offtake but at the bottom.

If the hydroperoxide and/or the reacted organic compound arefis taken off in 2 distillation
unit, it is possible, in the process of the present invention, for any high-boiling components

20  of the mixture which are formed as by-products from the reaction of the organic compound
with the hydroperoxide to be separated off at the bottom. It is also conceivable to reduce the
temperature at the bottom by, for example, addition of preferably gaseous, low-boiling
components, ¢.g. the organic compound itself, preferably propene.

25  Examples of such low-boiling components are hydrocarbons having from 1 to 4 carbon
atoms, for example methane, ethane, propane, butane, ethene or butenes. It is likewise

possible to use, for example, nitrogen or argon.

Of course, it is also possible to react a phmality of organic compounds with the
30  hydroperoxide in the process of the present invention.



O course, it is also possible to react a plurality of organic conpounds
with the 30 hydroperoxide in-the process of the present invention. 1L44ANAN:
2004 -8 If a plurality of organic conpounds are reacted with the

hydr operoxide in step (1), various prodycts resulting fromthe reactions
can be present in the mxtures. If thesé®n in turn separated off by
distillation in the separation step (i), it may be necessary to provide a
plurality of Hiasilrhlbf arﬁ@tdﬂ??@&nds(lﬁ‘e teh@edswiflatha hi rﬁ?)e&)ﬂ'deﬁn i, 2o i N
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~ hydr oper oxi de-cont ai ni ,ng. . .mxture  which.has been separated off to further
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unreacted org ﬁgﬁ@Q@a@ﬂgﬂg“%ﬁﬂﬁgmmﬁﬁggﬁagimgrganic conmpound. 10 Likew se,

solvents may be pfesent in the m xture conprising the hydroperoxide which
has been separated off. If the reacted organi c conpound is also separated

off in the separation apparatus ix e i then .t his. . 1.on, .from
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possi bly the unreacted organi c_conpound and/or small anounts of sol vents.
After the stephiclihps heps separgtechofy do fHisther eqmparse dn gdditgmtor the hydrepesexddeg for; he
present invention, th hydr r oxi ' '

react ed once mphe Wﬁﬁ“}"ﬁ‘gs gftgné%lét(?&ig%gﬁégo% ogﬁ%&?ﬁopé%g%?{’%%ﬁgcﬁﬁ&gh@eactor
which is g ff eikewise, sbl0eat Mgy bepedenr in dradixiuie Ghpisifd the hidropeedddeowhich hds i s of
course possible to use all conceivable reactors which are best suited to
the respectibeenpegetedofs. In the process of the present invention, a
reactor is not restricted to a single vessel. Rather, it is also possible
to use a cascade of stirred vessels, for exanple as 25 reactor which is

used in step ffithe @%ctedidrganic thapeed ¢4 disossepaaa offinttheseparativasppardtud inatep(igs ent
i nvention are preferably fixed-bed reactors. Furfhe reference is, given
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15  obtained, results in a stream which comprises the reacted organic compound and possibly

Ji

the unreacted organic compound and/or small amounts of solvents.

After the steps (i) and (i1} have been carried out in the process of the present invention, the
hydroperoxide which has been separated off is reacted once again with the organic
20 compound in step (iii} in a reactor which is different from the reactor used in step (i).

As reactors, it is of course possible to use all conceivable reactors which are best suited to the

respective reactions. In the process of the present invention, a reactor is not restricted to a

single vessel. Rather, it is also possible to use a cascade of stirred vessels, for example as
25  reactor which is used in step (i) or (ii).

The reactors used in the process of the present invention are preferably fixed-bed reactors.
Further preference is given to fixed-bed tube reactors as fixed-bed reactors.

30  Ashydroperoxides to be used in the process of the present invention, it is possible to empioy
all hydroperoxides which are known from the prior art and are suitable for the reaction of the

organic compound.



30 As hydr oper oxi des to be used in the process of the present inventio

ol
is possible to enploy all hydroperoxi des which are known fromthe pﬂIQHANEML
-art and are suitable for the reaction of the organic conpound. 1 4 JAN
2004 9 Exanpl es of such hydroperoxi des are t-butyl hydroperoxi de and
et hyl benzene hydroperoxi de, which can bg‘prepared from i sobut ane and
oxygen or ethyl benzene and oxygen. 5 As hydroperoxi de sol ution, preference
is given to using a hydrogen peroxide solution, in particular an aqueous
hydr ogen peroxi de solution, in the present process. To prepare hydrogen
per oxi de, recExapiescafi kehmhgdrppdraxides x aneptéyutyt ohydmpemmidar anlii etileenzeng
process which is used to produce virtually all the world pr ctiagn qf
hydr ogen per WW%F’SWB‘FIE)E‘EB P@P%%ﬁ&%md-??%t“ﬁ%e %‘&Wﬁ?ﬁ%‘pﬂgﬂﬁ%‘@ﬁ on of
an ant hr aqui egompound to form the correspondi ng ant hrahydroqui none

conmpound, subséguent reaction of this with oxygen to form hydrogen
per oxi de @&nd subsequent separation of the resulting hydrogen peroxide from

th ti 1 Xt b .acti . The .cat al i I i A . th
bt hr aqui noneAs BThSRisRE crrtfined BeafBlie et b RO R ReBanar oo
agai n. An ovepinr & adulisis Afdrbsta PeroRAPSIRLRGEHS pleSenfpry@ss. i N " Ul | mann' s

Encycl opedi a of Industrial ~Chemstry", 5th Edition, Volune 13, pages 447
to 456. 20 It is |ikew se conceivable to obtain hydrogen peroxi de by

conversion of..sulfuric.acid int roxodisul f.urd i i.c.oxidation
acconpani ed byoEFﬂﬂFgﬁﬂ@%ﬂ%“%@%ﬁh?ﬁ%ﬁgéggb%ﬁgp%é%ﬁmgﬁbﬁhgwgg ode. #%e

per oxodi sy f UproGes@Ghidh iisSusbd @Nprbdtde lripal5chil the verldrpiotiiicibh yf hyriespen parukifier i c
aci d and subsequently hydrogen peroxide and sulfuric acid, which is thus
recovered 25 T@Sm§ﬁ§$5@@E¢§éﬁﬁP@@Y%Hﬁgﬁﬁﬁ@ﬂWﬁﬁﬁﬂéﬁﬁﬁﬁmﬁVBF@@Bﬁmg@? de

fromthe el engn : ' t L QBon P Mithiokidedr the
hydr ogen per g@ r é@ﬂ%ﬁ@g@?ﬁﬁkggﬂﬁlﬁﬁ% &Hﬁﬂo%a’%é@eﬁ o 0%

- to form hydrogen peroxide and subsequent separation of the resulting hydrogen peroxide

from the reaction mixture by extraction. The catalysis cycle is closed by the anthraquinone

15  compound which has been obtained back being hydrogenated again.

An overview of the anthraquinone process is given in “Ullmann’s Encyclopedia of Industrial
Chemistry”, 5th Edition, Volume 13, pages 447 to 456.

20 It is likewise conceivable to obtain hydrogen peroxide by conversion of sulfuric acid into
peroxodisulfuric acid by anodic oxidation accompanied by simultaneous evolution of
hydrogen at the cathode. The peroxodisulfuric acid is then hydrolyzed to form firstly
peroxosulfuric acid and subsequently hydrogen peroxide and sulfuric acid, which is thus
recovered.

25
It is of course also possible to prepare hydrogen peroxide from the elements.

The pH of the hydroperoxide solution, in particular the hydrogen peroxide solution, can in
principle be adjusted by all customary methods. Care merely has to be taken to ensure that
30  the addition of acidic or basic compounds or addition of a solution comprising acidic or

basic compounds to the hydroperoxide solution does not have an adverse effect on the



principle be adjusted by all customary nethods. Care nerely has to be taken
to ensure that 30 the addition of acidic or basic conpounds or additqnjaafion,
. a solution conprising acidic or basic conmpounds to the hydroperoxide
sol uti on does not have an adverse effect on the 1 4 JAN 2004 -10 subsequent
reaction of the organic conpound with hydroperoxide and the pH does not go
outside the stability range of the hydroperoxi de used Accordingly, the

present inventjon also provides a process as .described ve i n which the
DL of t he hy CEHaHEk FIBRBSY H B CoPRARG A S ERprBy ot L EH o8t 128

hydr oper oxi de | QR ' exchanger or (b) by addition
of (aa) an ac?%ﬁ?dgq%éo%pﬁo nﬁh%f&fﬂ-l(eglg§% ase:l%aiéorrpound or 10 (cc) a neutral

conpound or (Aetbrdingty, tHeipresemt finvennnaiso porvelet i proews as describad aloyd mophich stiede

solution or (c¢) by a conbinpation of nethods (a) and (b). 15 It is in
principle poﬁ@%ﬁf e hystroperoxids sluonisihgngsd basi ¢ and weakiy basic conpounds or
both strangly, acigl gﬁ@ﬂ Mm@&b' ' | ok d t he

fol |l ow ng%sal (%é)s ar%l&%%%él vab ye: ZOQ%%ﬁﬁﬁﬁmggﬁ?g,&gﬁﬁgﬁ%e?gﬁ salts,
especi al |y |igbhi unpy slddionnf and potassium salts, and alkaline earth netal
salts. The anions of these salts include, for exanple, halides such as
chloride and bromde, nitrate, sulfate and hydroxi de and al so the ani ons of
phosphorus-, arseﬁ‘g)c- Q.EMJM &t i n-contai ning acids, e.g.

per chl orat e, phosphat e, ydrogeﬁghosphate, di hydr ogenphosphat e, arsenate
and stannate. O hefbbani abassicsompownd of or mat e, acetate, 25 hydrogencarbonate
or carbongte are a{g 0 conceivabl e. [Exanples of salts are |ithiumchloride,

lithium broni de, s unf BRGR QEPOYAORi um nitrate, sodiumnitrate, potassium
nitrate, lithium (4d)  amixture of two or more thereof
to the hydroperoxide solution or

(c) by a combination of methods (a) and (b).

15 '
It is in principle possible to use both strongly basic and weakly basic compounds or both
strongly acidic and weakly acidic compounds. In particular, the following salts are

conceivable:

20  Anunonium salts, alkali metal salts, especially lithium, sodium and potassium salts, and
alkaline earth metal salts. The anions of these salts include, for example, halides such as

! chloride and bromide, nitrate, sulfate and hydroxide and also the anions of phosphorus-,
arsenic- antimony- and tin-containing acids, e.g. perchlorate, phosphate, hydrogenphosphate,
dihydrogenphosphate, arsenate and stannate. Other anions such as formate, acetate,

25  hydrogencarbonate or carbonate are also conceivable. Examples of salts are Ethium chloride,
lithium bromide, sodium bromide, lithium nitrate, sodium nitrate, potassium nitrate, lithium
sulfate, sodium sulfate, potassium sulfate, sodiwm hydroxide, potassium hydroxide,
ammonium hydroxide, sodium carbonate, sodium hydrogencarbonate, potassium carbonan:,
lithium carbonate, potassium hydrogencarbonate, lithium hydrogencarbonate and potassium

30  hydrogenphosphate and also lithium acetate, magnesium acetate, calcium acetate, barium
acetate or ammonium acetate. Mention may also be made of carboxylates derived from
carboxylic acids, in particular carboxylic acids having from 1 to 10 carbon atoms, and also



sul fate, sodium sulfate, potassiumsulfate, sodium hydroxi de, potassium

hydr oxi de, ammoni um hydroxi de, sodi um carbonate, sodi um hydr ogencar bénkde00t
- pot assi um carbonate, |ithium carbonate, potassium hydrogencarbonat e,

| it hi um hydr ogencarbonate and potassi um 30 hydrogenphosphate and al so
lithium acetate, magnesium acetate, calcllum acetate, barium acetate or
anmoni um acetate. Mention may al so be nade of carboxyl ates derived from

carboxylic acjds. i n_panticul ar ' i ' rﬁ[ﬁll car bon
atons, and al Oxideﬁ dﬁﬁﬁdz%ﬁ aﬂf}fﬁif’%@@y e[g lgie/br ?(\?/e dr%%ng'l coho é’&ﬁ‘éﬂ\%ng
from1l to 10 gaudRorandh6riim Hibiyibadmplosplig, esodivnd Cdikydieoganpliosphats) potassium

di hydrogenphosphat e, sodi um di hydrogenphosphate, potassi um

di hydr ogenph gsnphospliatgrdisediwndiadaresgnyephesshia terasodium pysphpgphate.
pyrophosphate. 5 As solvent for the basic or acidic conmpounds, preference
I's given to using an aqueous solvent mxture, particularly preferably a

m xture wist h Abeois@i f&the basdlot aidid ormpands, preferdheg is givant banig. anfmueescr i bed
above, it is also possible to set the pH of the hydroperoxide so]ution by
10 treat ment @iveRtaXAYR PaFetyl m@e@%lvatmuw‘wﬂw%%ol\reeg wribe reafhoBxhanger .
In the proces§EBLKﬁhe present invention, it is in principle possible to use
cati on exchangérs dand ani on exchangers. If only one type of ion exchanger
is used, use of at |east one anion exchanger is preferred. If a plurality
of ion exchangers are used, they can be used sjmltapeously.or in

successi on. 18 pesenbadeatous Joseadsogostible t%ﬁ%%PHﬁ\}%BYWW‘EdBi@WH“ by
principl 0SSi ' : bdol in the
Bt o e B o Rt o R g IR R g cRhe

pol ystyrene, mesehriovegton, it isio prireiddpuagle © usemhoreschapgerarslapion exchanggrsot her
sheet silicates which may contain exchangeabl e carbonat e,

hydr ogencar bonat e or hydroxi de groups. 20 Exanpl es of basic ion exchangers

whi ch are parfri,HIoAE ke Bf iBh BXchiher i9 LseliNBe Htht RAS B BlonlcREhandd BSRetkrrddniFeNt i on
are polystyrene resins containing tertiary am ne groups, for instance the

commer ci al | y aplaialitiof dnaxihengesachised) they candrasadisippytangPesty emuisucesseion-t (r) MP
63 and al 80
For the purposes of the present invention, it is in principle possible to use all ion exchangers
known to those skilled in the art, for example organic ion exchangers such as those based on
polystyrene, or inorganic jon exchangers such as hydrotalcites and other sheet silicates
which may contain exchangeable carbonate, hydrogencarbonate or hydroxide groups.
20
Examples of basic ion exchangers which are particularly preferred for the purposes of the
present invention are polystyrene resins containing tertiary amine groups, for instance the
commercially available anion exchangers Lewatit® MP62 and Lewatit® MP 63 and also
Dowex® MWA/1 and Dowex® AMW-500. The use of polystyrene resins containing, for
25  example, quaternary ammonium groups and having hydroxide counterions is also
conceivable. Examples of such resins are the commercially available ion exchangers
Lewatit® OC-1950 and also Dowex® 1, Dowex® 2, Dowex® 11, Dowex® 21K and
Dowex® 550A.

30  In the preferred embodiment of the process of the present invention, which comprises steps
(i) and (iil), it is possible to adjust the pH of the hydroperoxide solution with which the
organic compound is reacted in step (i) and aiso the pH of the hydroperoxide solution which



Dowex(r) MM/ 1 and Dowex(r) AMWN500. The use of polystyrene resins
containing, for 25 exanple, quaternary ammoni um groups and havi ng hydropmindeg;
.counterions is also conceivable. Exanples of such resins are the
commercially avail able ion exchangers Lewatit(r) OC- 1950 and al so
Dowex(r) 1, Dowex(r) 2, Dowex(r) 11, Dowag(r) 21K and Dowex(r) 550A 30 In
the preferred enbodi nent of the process of the present invention, which
conpri ses steps 0S ibI to a t H of the
hydr oper oxi dé® Wﬁ%%ﬁ%%t‘h@ @% g’ﬁ‘hﬁ‘ éPP% tré"l‘ft‘?% st ep
(i) and al so é&lﬁmp Elﬁ’i;![ﬂff . TATA -12 is
separ at ed of I n S{He%g?éc%()bﬁ W IS %ﬁﬁ?@to cﬁgﬁégﬁgﬁt t e pH of
t he reacti on or thedpH of bmhtréwnmremedhmdunﬂg the egactian) of drydtoperoxitié ofithtlkeeargmt i on
mediumin the reactor of step (iii) or the pH of both reaction nedia
during the r &8®PPBR of hydroperoxide with the organic conpound. 5
Concei vabke heterogeneous catalysts are in principle all catal ysts which
are suitable for the respective reaction. Preference is given to using
catal ysts whitdcarabierticemgencpus @tatystsaredn cpnnonpid: al cadlysssuetincleae auitable |fortthe

Particul ar preference js en to using catalysts which conprise a
RO PR 8 R ki o AT

as porous 1Qn@xafheh 5B 20k Partitilal SefiRMs zeebh&e%ﬁca@m RGN @hlpiSea

al um nosi li cates having ordered channel cage ructures and pore

openi ngs | n ttiltmnm-c vapdum-,r chmoreiutye| mmbxﬁngonmmﬁhmmmmmg(wﬂnesm:momzeol ites
S made %104' agd A104 tetrahedra which are joined by commbn oxygen
15 bri dg ¥Pw of the known structures may be found, for exanple,

in M W Mei er D.H dson, Ch. Baerlocher, "Atlas of Zeolite Structure
Types", 4th Edi t i on, Elsevier, London,1996. To bal ance the negat i ve charge
resul ting frd¥ istkeowporealites areonysmlling | alyminestlisateshbavigje ordgreds chanpeltand cage

atti oo, 2eol.l Gee oo Al R ARRE RlSo R b ldhP0 B ThY hols BB O

sodi um pota
zeolites is made up of SiO4 and AlO; tetrahedra which are joined by common oxygen

15  bridges. An overview of the known structures may be found, for example, in M. W. Meter,
D.H. Olson, Ch. Baerlocher, “Atlas of Zeolite Structure Types”, 4th Edition, Elsevier,
London, 1996.

To balance the negative charge resulting from incorporation of Al(Ill) into the Si(TV) silicate

20  lattice, zeolites contain exchangeable cations, in particular cations of sodium, potassium,
lithium or cesium, depending on the method of preparation. If these cations are replaced by
protons, for example by ion exchange, the corresponding acidic solid having a zeolite
structure, known as the H form, 1s obtained.

25  Zeolites which do not contain any aluminum and in which the Si(TV) in the silicate lattice 1s
partly replaced by titanium as Ti(IV) are also known. These titanium zeolites, in particular
those having a crystal structure of the MFI type, and possible ways of preparing them are
described, for example, in EP-A 0311 983 and EP-A 405 978. Apart from silicon and
titanium, such materials may further comprise additional elements such as aluminum,

30  zirconium, tin, iron, cobalt, nickel, gallium, boron or small amounts of fluorine. In the zeolite
catalysts used in the process of the present invention, some or all of the titanium of the
zeolite can be replaced by vanadium, zirconium, chromium or niobium or a mixture of two



l'ithiumor cesium depending on the nmethod of preparation. If these cations
are replaced by protons, for exanple by ion exchange, the correspondi{ngn 7004
-acidic solid having a zeolite structure, known as the Hform is obtained
25 Zeolites which do not contain any aluninumand in which the Si(IV) in
the silicate lattice is partly repl acedlby titaniumas Ti(IV) are al so
known. These titanium zeolites, in particular those having a crystal
structure of tRendtheledP The FHarRaRS bPhEINRUALES vRABRAT HREnifuRe or
descri bed, for exanple, in EP-A 0 311983 and EP-A 405 978. Apart from
silicon and tridbam torthessmah ofradiemi @idstitanaym fand/oh eanadiomparidéde zirdwhivnh andtbr

el enents such as alum pum .30 zircopium tin, iron, c 3.It, ni ckel ,

gal i um bor ofEMIEH AR} OrIpm S8 Y thcdhs Rge Tom Gple! t?@ [i'te catalysts used
in the process of the present invention, some or all of the titaniumof the
zeolite can be replaced by vanadium zirconium chrom umor niobiumor a

m xt ur e of 5t wdlitanidm et dgving asMET stroture cain@s sddowih de ndehefied b tai partiofilat X4 ani um
and/ or vanadi um ,.zi rconi chromumor _niobiumto the .sumof silicon and
1t ant um and! 57 SRR N aFb B efd e YPridHh i Bt reBh AR 80 o
Is generally izBoitbey sghge from0.01:1 to 0.1:1. 5 Titanium zeolites having
an MFl structure can, as is known, be identified by a particular X- ray
diffraction pattern and al so by neans of a lattice vibration in the

co, Te. v, - or Ptk et e T EORL A NG, Bt E oSS P, 0

exanples ape Ti, Ge, Te, V, C, No or Zr zeolites of the structural types
ABW ACO, AEl, AEL, AEN, AEI, AFG _AFl, AFN, AFQ, AFR, AFS, AFT, AFEX, AFY,
AHT, ANA  APGpesifipexamptes arhy, GaTs, VATS NinarZr zviites althe sty prpss ABW,  BOG

o ARG B MO BB R
GO0 HEU, | FRAN/S\APC, VD, M, ATK, ATOMATS| EVT, ATQ AWOBAWWYBEATRIKIBQG, LTN,
MAZ, MEL MEL o Y R i EAs, M df os VR, G0 B col eze"bisc, por,

15 DFO, DFT, DOH, DON, EAB, EDI, EMT, EPI, ERI, ESV, EUQ, FAU, FER, GIS, GME,
GOO, HEU, IFR, ISV, ITE, JBW, KFI, LAU, LEV, LIO, LOS, LOV, LTA, LTL, LTN,
MAZ, MEI, MEL, MEP, MER, MFI, MFS, MON, MOR, MSO, MTF, MTN, MTT,
MTW, MWW, NAT, NES, NON, OFF, OS], PAR, PAU, PHI, RHO, RON, RSN, RTE,

RTH, RUT, SAQ, SAT, SBE, SBS, SBT, SFF, SGT, SOD, STF, STI, STT, TER, THO,

20  TON, TSC, VET, VFI, VNI, VSV, WEI, WEN, YUG, ZON and I'TQ-4 or mixed structures

derived from two or more of these structures or mixtures of two or more thereof, with

particular preference being given to those having an MF] structure, a BEA structure, an
MEL structure, an ITQ-4 structure or an MFI/MEL mixed structure. Zeolites of this type are
described, for example, in the abovementioned reference by W.M. Meier et al.

25
Particularly preferred catalysts are the Ticontaining zeolite catalysts generally known as
“TS-17, “TS-2", “TS-3”, “ZSM-48” and “ZMS-12”, in each case with Ti, TTM-1, Ti-RUT,
titanium-containing zeolites of the types “UTD-17, “CIT-5”, CIT-1" and “SSZ-24" and also
Ti zeolites having a lattice structure isomorphous with beta-zeolite.

30

For example, titanium zeolites as are known from, for example, US 3 329 481 are used. In
such titanium zeolites, part of the Si(TV) originally present in the silicate lattice is replaced by



MIW MAW NAT, NES, NON, OFF, CSI, PAR PAU, PH, RHO RON, RSN, RTE, RTH,
RUT, SAO, SAT, SBE, SBS, SBT, .SFF, SGI, SOD, STF, STI, STT, TER, THO! 42MN 7004
. TON, TSC, VET, VFI, VN, VSV, WEl, VEN, YUG ZON and ITQ 4 or m xed
structures derived fromtw or nore of these structures or m xtures of two
or nore thereof, with particular preferpnce being given to those having an
MFI structure, a BEA structure, an MEL structure, an I TQ 4 structure or an
MFI/ MEL m xed structure. Zeolites of this type are described, for exfarrpl e,

in the aboveniaingssdi(\arRrbsrBanym geolies.ppasticulsr thepe hayme perysial

preferred catal S, ar -6 i .Ni i S rakly known
e g ety R Gl dBo BRI bR SENRNNIC I B K
TTM |, Ti - RUTYS 414110 801, EP/ACOBE13088) 0§14 66606921 BB-ACT 047798 byBE $ 001038, (hich 4l T- 5",
Cl T-1" and "SSZ-24" and also Ti zeolites having a lattice_structure
i sonor phous wharebybly -peosarates. by gefrrspceeipioriie cpresent; apilication e Burthee ditagiiny o
known fro for. exampl ¢ 3 I UL lites,
part of tfrfne &P%%@an‘éﬁ%w%%%ggﬁﬁe Iﬁ%ﬁ{#@%ﬁqﬁo@a@ﬂfa&#@ﬁeﬁﬁ@r epl aced
by 1 4 JAN 20ghve 14 stridradi differae TbfiNihe BRIt f@ctudel hrandlestriteaolfdrt egmpld) in
particul ar those havi ng a crystal _structure of the MFI type, and al so

i

possi bl e waysERA (B8 Agart Wem sibeongaxk: iiapag, syodr zeeltgssaib furthgr CRIBPUE410
501, P A0 4400 i5cA. 80,53 B o T 9B PEAOO 038 ol a

hereby fully T ncorporated by re ésent "applicaticon.
Further titaniBPaab 266815, tirsrg((Eebb66t6o2) wrnall anmnnts @f dubyne(EPws@a97 363).t he

pur poses of the present invention an ave a,strycture different fromthe
MFl str uc]t%reﬂ%ﬁ‘gscéfﬁ%? feleee tqzﬁ?ht%éﬁgﬁlag?"wm(@ &’C@mﬁ%a@‘}’ﬁmgﬁﬁé? fullyy om
silicon and tj E&BS i lididoper conprise additional

in Hla’t@lb}f]ﬁ%bp %ﬁg{grl ﬁea, %86 3

el enents such as alum r exanple, in DE-A 31 41283),
gallium (EP-A 0 266 825), boron (US 4 666 692) or snall anpunts of

fluorine (EP-A Q 292 363 10 The disclosures rel ati to zealites in the
abovenent i one B??@Wt : ‘?‘mﬁt}bfﬁ? éq %ﬁf‘%ﬁ?eypm‘?&ﬁﬁ}{]g’ﬁrw BYPEY 8Fence
into the presgRiiRPRLI &&nbRMNn US-A 5,430,000 and WO 94/29408, whose relevant contents are

15  hereby incorporated by reference into the present application.

Further titanium-containing zeolites which may be mentioned are those having the ferrierite

or B-zeolite structure or the mordenite structure.

20 In addition, the following zeolite catalysts can be used in the process of the present

mventon:

Catalysts having a zeolite structure as described in DE-A 196 23 611.8, whose contents
relating to the catalysts are hereby fully incorporated by reference into the present
25  application.

These are oxidation catalysts based on titanium silicates or vanadium silicates having a

zeolite structure, with preferred zeolite structures being as listed above. These catalysts are

shaped by consolidating shaping processes, as described in detail in the above patent
30  application.



Further zeolite catal ysts which can be used in the process of the present
invention are described, for exanple, in US-A 5,430,000 and WO 94/ 2340#\,” 2004
- whose rel evant contents are 15 hereby incorporated by reference into the
present application. Further titaniumcontaining zeolites which nay be
mentioned are those having the ferrieritéS-or P-zeolite structure or the
nordenite structure. 20 In addition, the following zeolite catal ysts can be

used in the process aof. th t -4 aventi.Qn; . i ite
Struct ure as SOCETTRRY: b ASERIES BRtoubRRRA0 bRl RN Bt |

the catal yst s siitgestarapy ol Ynicheindaoataibihgfoni 00€reBE% biynieglit lof ope esent
25 application. These are oxidation catal ysts based on titaniumsilicates

or vanadi um simore aeblematalsisplgeted from dhg graups eqngistingrof ruthgrivam, shediwpy palladigg)  t e
structures belp ugf Adnﬁﬂ?ﬂaﬂ%&gvﬁlemmeéﬁd g:?t{)%h&? %\ﬁu&g{cgﬁally@ﬁ%qlkgg%sgvbgenpat ent

consolidating0 aprng processes, as desc I'n the
30 appl i ca$i oghapdd 4by AbbrROitAting] Sshaping heronasa, S$uchi saplystsi hfee described in
oxi dation catal ysts based op titaniu i.licates or vanadium siljc S
havi ng a zeol ﬂ%‘“‘é??%@&lﬂfb ‘E‘hd"o%t?ﬂ’ist 8?] BiRE go dlhe ﬁmaﬁ/?’ﬁﬁl’bﬁ{ﬁbf one
or nore nobl g B@Bé{eabzgéfggﬁcgg“&gggge& Qi consi sting of ruthenium
agl m O Ium plati

rhodi um pal | mum 1ri tinum rhenium gold and silver,
whi ch catal ysts have |ikew se been 5 shaped by consolidating shaping

processes. Such catal ysts are .described in - 96 23.609.6, .the.contents
Dt v oh 1 ol afSTEAS T eoRiGrE SepEdraEeh G B i ite A e b
ref erence ) nt Qridife P tRSEitlanGdalahAIDRA. 19693 b EOSY Hercty iReorinded tydafeiene:.

shapi ng processes, the binders and the auxiliaries and the 10 structure of
the oxidation catalysts, DE-A 196 23 611.8 is hereby incorporated by

reference. The,oxidation catalyst .d i '@05;%- .06 9. 6 Nt ai ns
fromO0.01 to % aﬂ%f‘.‘&;’f& %?%ns%gr'ﬁﬁg%ﬁg@g??om' F@g&%oﬁ@‘%? yto\/\g%h )ﬁ
especi al |y fr owight, In ptichldr BymWe053b15%iby wedt esgaially baaad ©18% be walghyini  of
the titanium or vanadi um zeolites, of the specified noble .
each case based on the amount of the titanum or vanadium zeolites, of the specified noble
15  metals. Particular preference is given to palladium. The noble metals can be applied to the
catalyst in the form of suitable noble metal components, for example in the form of water-

soluble salts, before, during or after the consolidating shaping step.

Furthermore, it is possible to use the following catalysts for the purposes of the present

20  invention:

A shaped body which comprises at least one porous oxidic material and is obtainable by a
process which comprises the following steps:

25 (I admixing a mixture comprising a porous oxidic material or a mixture of two or
more thereof with a mixture comprising at least one alcohol and water, and

(@)  kneading, shaping, drying and calcining the mixture obtained from step (I).

30  Details regarding this catalyst may be found in DE-A 19723 751.7, which is hereby fully

incorporated by reference into the present application.




15 netals. Particular preference is given to palladium The noble netals

can be applied to the catalyst in the formof suitable noble netal 14 jAN 2004
conponents, for exanple in the formof water- soluble salts, before, during
or after the consolidating shaping step. Furthernore, it is possible to use
the follow ng catal ysts for the purposesi®f the present 20 invention: A
shaped body which conprises at | east one porous oxidic material and is

obt ai nabl e by a process which caonprises the follow st.eps: 25 (.

i ng. 5 ) AGFBE BBy PERALTETHBR LIS a3 Pvble £ ol BHTRCIHRIERE St v
or nore thergaf: 'Eﬂmg ' G '%hﬂ% LEast ifR&inakeofip! and wat er
and (I1) knea%?%&% ap%@%&?ng anlg ca 8?’{&%53 t%ue m xgur}ghgbt ai ned from
step (lI). 30 Details regarding this catalyst nay be found in DE-A 197 23
751.7, which is hereby ful i ncor por ated. by reference intq thﬁ pr esent

y
appl i cation 104 JARNDg0Y 2t le}% ORE BEFERH PLsEiceth glokide 4 contay ST 2 east ¢ne
al so possiple to ugg, | fSepinch QaPT &ﬁ]_;rﬁi liteRth ol QHhdige aRgn&an ke
pr epar ed b%? a processcﬁ%i cﬁnconpri s@g@tﬂﬁe ol lowmng step (I): (1) Bringing
at | east one pr ecupslgethydénimink bcomixtiroofitdlecimerethemnf act with at | east one 5
structure fornmer in a liquid medium wherein the structure former is a
pol yethylenimne or a mxture of two or nore thereof. Details regarding

this solid mapehgs ifegéa‘&ﬂ%it}ﬂs §¥id Anal e (3nd38 DE2A 1%9.@@55@%%@:&%1;%9&@%& are

hereby fully I ncorporatéd by reférence into the present application. 10
Furt her cat al wsherelyhfullhincemporated bly teferdnee intodht pagsentsppligaitnbodi es whi ch
conpri se ﬂ(g I nert support and at |least one silicate, preferably a
crystalli silicate, applied thereto and are obtainable by applying a

i xture conpr pgkfag cahlydts dich QAL réalilly 5et@dandsidbed Bfds Hih EovipHst @n Aserd
ester or a hydrolysaté thereof or a conbination of nmetalic acid esters and
hydr ol ysat e t buppemfand 8t feast ne sitieats, pefsphdy 8 cogtalliag silieass @pplisd dherefo pEd ArR197 54

924.1 whose re] evant, contents .are |ikew | NCOK.POr e into
the present agtbt?lfl%aéc% t?yoz};‘)_pfymg a migture comprising at feadt DFNIRAE HELIBY AELSRRNEE
ester or a hydrolysate thereof or a combination of metalic acid esters and hydrolysate thereof
15 to an inert support, as are described in DE-A 197 54 924.1 whose relevant contents are

likewise incorporated by reference into the present application.

Furthermore, it is possible, according to the present invention, to use shaped bodies which
comprise at least one silicate and at least one metal oxide and can be prepared by a process
20 which comprises the following step (i):

(1) mixing the silicate or silicates with at least one metal oxide sol which has a low
content of alkali metal ions and alkaline earth metal ions,

25  asdescribed in DE-A 198 15 8793,
The relevant contents of that patent application are likewise incorporated by reference into
the present application.

According to the present invention, it is also possible to use titaniurn silicalites which have
30  anRUT structure and can be prepared by a process which comprises steps (1) and (ii):

] preparation of a mixture of at least one SiO; source and at least one titanium source;



Furthernore, it is possible, according to the present invention, to use
shaped bodi es which conprise at |east one silicate and at | east one Infedsi 2004
-oxi de and can be prepared by a process 20 which conprises the follow ng
step (i): (i) mxing the silicate or silicates with at |east one netal

oxi de sot which has a |low content of atkari netal ions and al kaline earth
metal ions, 25 as described in DE-A 19815 879.3. The relevant contents of
that patent application are |ikew se incorporated by reference into the
present application. According to the present invention, it is also
possi bl e to ug® ti tastllinatehlof dalmikas i Ghintepressurd Oesatl vl Tadditionl of atrleasand
can be prepared by a process which cqonprises steps (i) anpd (ii): (1)
preparation of a moRe F?F@laéﬁcoa@w%@tglmwe@%dm@ g&rwﬁ@agled(sa%i

titaniumsource; 1 Eﬂﬁy; = il -rﬁggng' AL Asa3inef L Xt from
(i) in a pressure 3égse é?%ﬁmgﬁéiﬁégﬁk%? at eEQ% Oﬂ%”@e gggké%%%%und
to give a suspensi emctwhil @67 aidnisi@Es'e conpounds used are anines or

anmoni um salts which are suitable for stabilizing cages of the silicate 5
structure [445461] and [4456658]. Details regarding these catal ysts may be

found in DE-Apl ségmziﬁzﬁésecﬁwyg@ﬁrapséﬁmdi}ldmm@@zg_a_ccordi ng to the
present invention, to uSe the silicon dioxides 10 containing mesopores and

m cropores as described in DE-A 198 47 630.2, which preferably have one or
nore of the fallow ng features (i) .to (hii);: (i 5 su f.the jfic
surface areas%Uﬁ“Pﬁ@%n%§U§5?§§‘%ﬁ%dﬁ$g}%ﬁ8 {B%Qipmﬁgé??hgfgﬁmﬁﬁﬁgﬁgiii) a
sum of t hgp pOrgntMRihg FRSopSfes hitEmiRpERPAseIsscABE iNDEL QP9 £56300, which pRfskabl: 2

m/g; (iii) a maximum of the pore dianmeter distribution of the nesopores
at at | east 3 havepne or more of the following features (1) to (iii):

D a sum of the specific surface areas of the mesopores and micropores of at least
300 mzlg;
15
(1) a sum of the pore volumes of the mesopores and micropores of at least 0.2 ml/g;

(i)  amaximum of the pore diameter distribution of the mesopores at at least 3 nm.

20  Further details regarding these catalysts may be found in the abovementioned application,

whose relevant contents are fully incorporated by reference into the present application.

The present invention therefore also provides a process as described above in which the
heterogeneous catalyst comprises a titanium-containing zeolite.

25
Furthermore, the present invention also provides a process as described above in which the
titanium-containing zeolite is a TS-1 zeolite.

As reactions which are possible in the process of the present invention, mention may be

30  made by way of example of the following:




20 Further details regarding these catalysts may be found in the
abovenentioned application, whose relevant contents are fully incorpdrjaN&e.
- by reference into the present application. The present invention therefore
al so provides a process as descri bed above in which the heterogeneous

catal yst conprises a titaniumcontainingl®eolite. 25 Furthernore, the
present invention also provides a process as descri bed above in which the

posei bl o i n 1 Ae HRRAEERUrcleE, 3 elnd ickerhRR of pperk SR AORMUME AT e
by way of exagdph frofénetaiemb@irbsoviidisuppi HAOiANNZ004 - 18 the epoxidation of

olefins, e.g. the preparation of propene oxide from propene and H702 or
from propene and m xtures which supply H202 in situ; hydroxylation such as

t he hydroxyl at i,on of | i ' | i I I At . 5

For m monosubali Y B BRa o e F S of oy IS, WEXEL oo icimsleto

hydr oxyar gmat fof , mér@kutsttani| dsibesutedastmen oghiy kebstiuted nigydd@Romatiosf fgphenol

and m xtures which supply H202 in  situ, to prodyce hydrogui none; oxine

formation frowaReledirasactipn t%wmlé@%ﬁeéz fesfotfplmlae %w@&gmp&h%@w y

H2Q2 in 10 s&&jOggﬂm%mg&ggﬂmﬁénnnnoxination), for exanple the preparation
X1 e romcy

of cycl ohexanone cl ohexanone; the Baeyer-Villiger oxidation
15 In the process of the*present invention, preference is given to using

or gani ¢ conpounds = whi ch have at | east one C C douhle bond, As. e | es of
such organi c @R EUMEROHERR Kejones 1 QWO&&@Bmﬂ’ﬁﬁf‘%ﬁwmmy be
made of tie [ Gl oYingoRk kaleS KRR e He B BaradorfcslBhendoldbERE.
isobutenelfbebu%lélgﬁene, O%lé tenesofﬁ%fl%g’pg eﬁlél,B I soprene, ©

‘ from cyclohexanone;

the Baeyer-Villiger oxidation.

15  In the process of the present invention, preference is given to using organic compounds
which have at least one C-C double bond.

As examples of such organic compounds having at least one C-C double bond, mention
may be made of the following alkenes:

20
ethene, propene, 1-butene, 2-butene, isobutene, butadiene, pentenes, piperylene, isoprene,
hexenes, hexadienes, heptenes, octenes, diisobutene, trimethylpentene, nonenes, dodecene,
tridecene, tetradecene to eicosene, tripropene and tetrapropene, polybutadienes, polyiso-
butenes, isoprene, terpenes, geraniol, linalool, linalyl acetate, methylenecyclopropane,

25  cyclopentene, cyclohexene, norbornene, cycloheptene, vinylcyclohexane, vinyloxirane,
vinyleyclohexene, styrene, cyclooctene, cyclooctadiene, vinylnorbomene, indene, tetra-
hydroindene, methylstyrene, dicyclopentadiene, divinylbenzene, cyciododecene, cyclo-
dodecatricne, stilbene, diphenylbutadiene, vitamin A, beta-carotene, vinylidene fluoride,
allyl halides, crotyl chloride, methallyl chloride, dichlorobutene, ally} alcohol, methallyl

30  alcohol, butenols, butenediols, cyclopentenediols, pentenols, octadienols, tndecenols,
unsaturated steroids, ethoxyethene, isoeugenol, anethole, unsaturated carboxylic acids such



hexenes, hexadi enes, heptenes, octenes, diisobutene, trinethyl pentene,
nonenes, dodecene, tridecene, tetradecene to eicosene, tripropene qanANZW&
~tetrapropene, polybutadi enes, polyiso- butenes, isoprene, terpenes,
geraniol, linalool, linalyl acetate, nethyl enecycl opropane, 25
cycl opent ene, cycl ohexene, norbornene, cyxl oheptene, vinylcycl ohexane,
vi nyl oxi rane, vinylcycl ohexene, styrene, cyclooctene, cycl ooctadi ene,
vi nyl nor bornene, indene, tetra- hydroi ndene, nethylstyrene, .
di cycl opent adasseylicdicid; mmmmgf ceoipnicrgisl Balsiseacide ity lgeetig (i HrsaruEes
stil bene, diphenyl.but gdi epe, wvitamn A f.a-car LNy ki “fluoride,
allyl hali desPaf%g%‘?%ﬁﬂE‘ﬁPBeﬁa&@: hfehefd @?Ilk}ﬁ‘éﬁ g@%ﬁ%%ﬁ’ﬁgﬁg allyl
al cohol , et hg] hy brod@s 8f & Brkent bvRiR)! freferbitte eNE MO S1sing Yk eichnetiaal S,
pentenol s, octadienols, tridecenols, ‘unsaturated steroids, ethoxyethene,
i soeugenol , afremiibloe’ carbrncatoms Pariclar prefrmpndeds goErllp wating etheney APemOaNd. 19 as
acrylic acid,,nmethgcryli.c,aci cr ot oni l: Ic acid, vinylacetic
aci d, unsatur W@EPQ?X m&gwg%mgﬁ%%gggnﬁvgﬁéﬂggﬁ%b§|ino|eic acid, palmtic
acid, naturally occurring fats and oils. In the process of the present
i nvention, preference is given to using al kenes mhicp$c ntain. from2 to 8
carbon at ons. Arenrdingly| the preseat iBYeatRICAOPTRNIAES A DRSS dh Y hgwéﬁﬁﬁﬁép”ﬁ? ne
and 5 butene. Very particular preference is given to reacting propene.
Accordingly, tHEEPesent invention al so provides a process in which the
organi ¢ conpound is propene. 10 As regards the alteration of the
tenperature of the reaction nediumin whi the reactiqn

c f., the .

hydr oper ok@ de Asiregards ghe aligralionioé the gmpstatiae of; Py ,“@é%évﬁichzm"lm?rfc’f
concei vabl e thods siybl 0 H&. eaRenatHr Sreivdbhe
reaction nedigﬁl anpg%ﬁﬂggﬁ ro ﬁ% &igmﬁﬁg%?gﬁﬁééatﬂre 0 gt Ieasf one feed
stream whi ch ingtheaeher pbilei Bor exipie thentempetatue o et feartionededivmi san be
continuous operation. 15 The tenperature is preferabl aried b ans of
SUT tabl o t her ABIOLEL e BRERERT G2t Rt o oot siean which syl eqigBooyeey €10
- possi bl e to egpl oy, ﬂ@Hﬁ higuBgt For exanple, the reactor or

reactors can gg[%}é%@lrhe vm&l'ftﬁ audou I e V\I/Lall t hrough whi ch, for exanple,
there is passed a

The temperature is preferably varied by means of suitable thermostatting of the reactor or
reactors. Here too, it is possible to employ all suitable methods. For example, the reactor or
reactors can be provided with a double wall through which, for example, there is passed a
liquid by means of whose temperature the temperature of the reaction medium in the reactor
20 s set. It is of course also conceivable to provide various zones of the reactor or reactors with
separate double walls and to pass, for example, liquids having differing temperatures around
the various zones. The setting of different temperatures in different zones is of course not
restricted to arrangements in which the reactor is provided with one or more double walls,
but can also be achieved by means of all other suitable methods.
25
It is likewise conceivable, for example, to introduce two or more hydroperoxide streams
having different pH values into various zones of the reactor or reactors in order, for example,

to set pH values which differ from zone to zone in the reaction medium.

30 It is naturally also conceivable both to set different temperatures in various zones of the

reactor or reactors and to set different pH values of the reaction medium in these zones.



l'iquid by nmeans of whose tenperature the tenperature of the reaction nedi um
in the reactor 20 is set It is of course also conceivable to providel 4 JAN 200
~various zones of the reactor or reactors with separate double walls and to
pass, for exanple, liquids having differing tenperatures around the
vari ous zones. The setting of different.4dpenperatures in different zones is
of course not restricted to arrangenents in which the reactor is provided
with one or nore double walls, but can also be achieved by nmeans of al
ot her sui t abl Borthetpundses of Sie|presprs NVERAOR 1518 It BnSplaResTile tor gy Ermasmiue and

i ntroduce two_or_ nop droper oxi de. St.r eans ' ' H ues
I nto various @%ﬁ?@%ﬁy%opgg% ot g‘%fnbrd:éeac OP%G%EQ%%?J gﬁoﬁehxlgl?ngr%#ﬁ to
set pH val uescopipotr. dinhi, &6r dxa@pleZi® iecdneizbRReo ivaryt the pHea@he GepodiaryTthe30 | t

is naturally al so conceivable both to set_different tenperatures in various
zones of the temperatisringy nexbgen andstoaidy the PHeigali ik AdIeHtePp [l varsfe &t RIPhe

reaction medi U LSR8 ARN8S in el M Elny it QorfiRhankd i RAT BOPER sps.t e

present i veHFPg%, It is’in Princi possi bl e to 'vary tenperature and pH
separatel y frQiixedstaeralg tieevaratiohiof gHtdne tengpReanin® cancie datied loyidin afi esnitebledemdwi t h
the organic conpound. Thus, for exanple, it is conceivable to vary the pH
in one step, ¢wcsivable stens. Fethepaaratil pseofi gousse rf’@%lblesf"e%‘aﬁg?dp @W&F‘Vﬁ%ﬂé‘epH

again in a next Lt o] InMARLgyt pH in
ohe. Step and Db RS el art Bty nQRC AL, Aol b

general |y, thgmvneaUsiyand edntiptdusipd t enperature can be carried out in all
suitabl e and conceivable steps. Furthernore, it is of course possible to
change pH%nd tenperature sinultaneously. These paraneters are preferably

changed conti petAiE kil fﬁ%ﬁ} lcMangs MULLIRR SRY Ay 2 20&ktEP Btvityepgley . 10
pH and tenper@?%&gk%pe preﬁgﬁg% y gﬁan ed in suchya mgy t hat avggnstant
activity of theerogeates ogalps aushicetlalhysis girsrally hiheevedby Mitreasingghafemperatiuey
achieved by increasing the te rature . of .the. reaction dium wi t.h t he
running tine. ?&%ﬁﬁ‘aﬁoﬂéﬂ%ﬁ“‘l W@%W%%@Q@%%@C&Wr&?&%g@ﬂfg to
fgunt er deact jxahleqh oOintdrRRactiddidh %8 theRiralyR Wy Siactag OF dete&kiag she§H b hepH oOf
e
15  reaction medium. If, in a preferred embodiment of the process of the present invention, a
titanium-containing silicalite is used as heterogeneous catalyst, the pH is generally reduced

during the course of the reaction.

The present invention therefore also provides a process as described above in which the pH

20  of'the reaction medium is reduced during the reaction.

It is of course conceivable for one or more temperature reductions or one or more pH
increases to be carried out during the reaction in order, for example, to match the activity and
selectivity of the catalyst to a desired value.

25
A particular advantage of the process of the present invention is that when the pH of the
reaction medium is varied appropriately, significantly smaller temperature changes are
necessary than would be the case if the pH were not changed.

30 At a reaction pressure of 30 bar, the temperatures set in the process of the present invention
are generally in the range from 0 to 120°C, preferably in the range from 10 to 90°C and
more preferably in the range from 20 to 70°C. The pH of the reaction medium is generally n



15 reaction nedium If, in a preferred enbodi nent of the process of the
present invention, a titaniumcontaining silicalite is used as 14 JAN 200k
- het erogeneous catalyst, the pHis generally reduced during the course of
the reaction. The present invention therefore also provides a process as
descri bed above in mhich the pH 20 of -tHle reaction nediumis reduced

during the reaction. I's of course conceivable for one or nore

during the re %%%é%%s Dl PR ot BEFERe RSB e Bl
sel ectivity Qjpefafih, ﬁﬁttéhpé%tmé@ara pResdblyeshangl ¢ 2°Q/Bay orles irhérd Ipaaferﬂﬂy ant age

of the process of the resent I nvention is that when the pH of the
reaction rredlﬁ:nmﬂgtwhe Y o tlesy eperfeyablssqhgmaeﬂrbﬁaﬁ{dayorslﬁfér netE PrdeFRidY at ur e
changes are n @L% ?2 A0 woul d be the case if the pH were not changed.
30 At a react 8 df 30 bar, the tenperatures set in the process of
the present | nvent ion are generally in the range fromO to 120C,

preferably in the range from 10 to 90C and nore preferably in the range
from20 to 7d@addmlt9 e GRrARBErs tEnperat B AP of fhejreach %w,ﬁlqmwmrzom

-2 the fa“@u re&hoﬁta?@%ﬁ%e?%{ﬁ%o%lvﬁe!d%&g Ioerseeme gﬁ quzromf%

to 6. In Iong opera errperature are pre era nged by
2Cday or |eSSpossmﬂé for, i Sficesr ary stépg, mépﬁmn@aﬂdpﬂtolbd)@hdawhﬂealmtenmeam s

preferably changed by 0.5/ day or |ess, nDre pr ef bl y from0.01 to
0.2/ day. 5 |d<eammﬁr%pwwfl %‘F"Qt”ﬂl?]é ﬂ}%ﬂipla IERHeORfRAt A8 act i on

Tedi UM te HEESIHE teer/gérr&nmtorﬁwre@n%yn%&%%ma 62 iRAMaPlSRoRe

varied in'the oce esent 1 nvention is possible for, in one
or nore step&fﬂmhawmmessure and pHto be varied while the tenperature S
kept constant or the pressure and tenperature to be varied while the pHis
kept constant, as 10 long as the pH and the tenperature of the reaction

medi um are vaxd g, GHEarhith JrtieirestitE RlcbRBme® fredoli8e £ A8 in the process of
the present invention, to all methods which are known from the prior art or are otherwise

15  suitable. However, preference is given to working at pressures under which no gas phase is

present.

In the process of the present invention, the heterogeneous catalyst can naturally be pretreated
by all suitable methods before use. Pretreatment of heterogeneous titanium silicalite catalysts

20 s described, for example, in the abovementioned EP-B 0 230 949, whose relevant contents
are hereby incorporated by reference into the present application.

It is likewise conceivable for the catalyst to be regenerated by means of all suitable methods

after the reaction. Such regeneration methods are described, for example, in the
25  abovementioned J. Catal. 129 (1991), pp. 159-166, and WO 98/55228, whose relevant

contents are hereby incorporated by reference into the present application.

The following examples illustrate the process of the present invention.

30 Examples

Example 1: Comparative example



As far as the variation of the pressure is concerned, recourse can be nmade,
in the process of the present invention, to all nethods which are khdwaN 2004
-fromthe prior art or are otherw se 15 suitable. However, preference is
given to working at pressures under which_no gas phase is present. In the
process of the present invention, the he?%rogeneous catal yst can naturally
be pretreated by all suitable nethods before use. Pretreatnent of

het er ogeneous titaniumsilicalite catalysts 20 is described, for exanple,

in the abovenenti oned EP-B 0 230 949, whose relevant contents are hereby

i ncor por at ed kytubefeastamdech mtla didretepoEXlamn anpplength f 2H00 rhun and whs previdske

concei vable for..th at al,yst to be. ner at ed neans of syi tab) e

et hodsaf t emvididonge el §3S cisfien otk SEErLrBR ThAHBaS ube (ebeRABREY f or
exanpl e, in tRes29.a00K8 R bOREHd bodiEfhMng al d3mbtOH) maP Rt wAPBrephb aand VO
98/ 55228, whose relevant contents are hereby I ncorporated by reference

i nto the pbesdadcribgdph (WAGTGhHT7 1 1Tvbost odlévanti coptentx amicesporated by treferercetihte ther ocess

of the present invention. 30 Exanples Exanple 1. Conparative exanple 1 4
JAN 2004 A tut??s‘?“é%’ﬁ’&q%oﬁhi ch had a dianeter of 24 rumand a length of 2

000 mm and was provided wth a double wall was charged with 565 g of
catalyst. The catalyst was a TS-1 catalyst and was used in the form of

shaped bodi es Thavaeigr wascthemiinoded with iRethanol, the egakonmrespar was ghtos0desaditived | n

WO 97/ 31711, ose .rel evant gontents i,ncor por at ed referencednto the
present appl i \é\@‘foﬁﬁﬂc’n ﬁg'eﬁlgréogtagP r?r‘/%%gf ?E@rﬁ“f %WW%%Q%gﬁosﬁ?&tqg@ ©
reaction ppesséh®r Wakcohfidete @ Bthelistatd feghla@ the thrhpestie ke hida@hipaante at a
rate of 1 560 g/h was conmenced. The jacket space of the 10 reactor was

connected to avaskrétomdS€at to regul ate the tenperature and the initial
tenperature was set to -5C. The following starting nmaterials were then
netered in frompressure reservoirs by neans of HPLC punps: 15

The following starting materials were then metered in from pressure reservoirs by means of

HPLC pumps:
15
- 134 g/h of propene, 99.5% pure,
- 214 g/h of hydrogen peroxide, aqueous, concentration = 50%, pH=2.

The product leaving the reactor was depressurized and analyzed. The conversion was
20  determined by titration of the unreacted hydrogen peroxide with titanyl sulfate. The
selectivity was determined by means of gas chromatography. During the experiment, the
| temperature set at the thermostat was changed so that the hydrogen peroxide conversion at
the outlet from the reactor remained constant at 85 + 3%. The propylene oxide selectivity as
a proportion of the hydrogen peroxide reacted remained essentially constant dunng the entire
25  experiment and was in the range from 92 to 95%.

The thermostat temperature as a function of time is shown in fig. 1.
In the figure:

30 (2 denotes time/h
(b) denotes thermostat temperature/°C



- 134 g/ h of propene, 99.5% pure, 214 g/ h of hydrogen peroxi de, aqueous,
concentration = 50% pH = 2. The product |eaving the reactor was 14 JAN 2004
+ depressuri zed and anal yzed. The conversion was 20 determned by titration
of the unreacted hydrogen peroxide with éitanyl sul fate. The selectivity
was determ ned by neans of gas chromatogy %phy. During the experinent, the
tenperature set at the thernostat was changed so that the hydrogen peroxide

conversi on at xEﬂgr@P“@onilhﬁmlst h@payggﬁcgﬁoﬁﬁgg@ﬁﬁn@orwmnunﬁ&hﬁﬁ % The

propyl ene OXI ectivity as r e hydrogen peroxide
react ed renmai ned essent tahpgratoesindpH duactingtyt dfaor aidhmaged5 experi nent and
was in the range from92 to 95% The thernostat tenperature as a function
of time is shown in fig. 1. In the figure: 30 (a) denotes tinme/h (b)

denot es t her 5] Rl AR SRICAE it o't 2000us?3 RAAPE! e udh (ORILNRLS

epoxi dati on propyl ene with matching of tenperature and pH to acti Vity
of ion exc.‘han@maioﬂméwtee@cf pmnhydacgen gerokidel solution) twa hyrogesrpeamralecgbisnst o

exanple 1 wt the oIIo 5 alt ions: |nst of e . hydrogen
per oxi de sol u Iﬁ’yd 2N %‘?{?‘%‘8 éﬂla‘ﬂﬂef) ﬁtgr}'éﬁtf’é %eﬁ?
val ues were ”Eihﬁfoﬁ%dqﬁgaﬁﬂo@gmhﬁo&@%ﬁh&ﬁ'ﬁﬂﬁeﬁﬁﬂg@ﬂ@%ﬂﬁiﬁqﬂﬁm 50%

solution. having a pHof 6 was introduced via the first netering unit,

whil e an aquesim;gtﬁdwmscrr eergxitie hahdtiooglaringer pili e b intiodveed aa iy sopd of 2
was i ntroduced VI at C meterin it, The o] X

sol uti on havi A "‘B@ @?e @ch?fé’ ;?FB’&?F%&H’E Tgng gﬁtlﬂ%rﬁge&;?ﬁfe B0 STy ci al
product W@ h geddfgitof iHeRoMiteRAaNEOAu Sith a b2RE dﬁlex@r{aﬁgeredg..n@efdbm@meﬁbm nger,
I ngel heim or Anberlite(r) IRA-68 from Rohm & Haas) at OC. The pH of the

streams was r Bgeinagadngsiheiraondmbrerlie®)iRAs68 e Rohm deHapstpt Ofey were net er ed

in wusing a ratio regulator in such a way that any desired pH in the range
from2 to 6 could be 15 set.

The pH of the streamns was regulated by means of a glass electrode and they were metered in
using a ratio regulator in such a way that any desired pH in the range from 2 to 6 could be
15 set.

The hydrogen peroxide solution which had been set to the desired pH was then fed into the
reactor as in example 1. As initial conditions, a temperature of 25°C and a pH of 6.0 was set.

20 The product leaving the reactor was then depressurized and analyzed. The conversion was
determined by titration of the unreacted hydrogen peroxide with titanyl suifate. The
selectivity was determined by means of gas chromatography. During the experiment, the
temperature set at the thermostat was increased at a constant rate of 0.2°C/day and the pH of
the hydrogen peroxide solution fed in was reduced so that the hydrogen peroxide conversion

25  at the reactor outlet remained constant at 85 + 3%. The propylene oxide selectivity based on
the hydrogen peroxide reacted remained within the range from 92 to 95% during the entire

experiment.

The thermostat temperature and the pH of the hydrogen peroxide solution used are shown as
30 functions of time in fig. 2. The temperature curve from example 1 is drawn in as a broken

line for comparison.



The hydrogen peroxide sol ution which had been set to the desired pH was

then fed into the reactor as in exanple 1. As initial conditions, afl4 JAN 200
.tenperature of 25C and a pH of 6.0 was set 20 The product |eaving the
reactor was then depressurized and anal yzed. The conversi on was determ ned
by titration of the unreacted hydrogen pédexide with titanyl sulfate. The
selectivity was determ ned by neans of gas chromat ography. During the

experi ment, q tenperature set at the thernostat was increased at a
constant rat e B8 *2C/ day and the pH of the hydrogen peroxide solution fed
in was reduced so that t he hydrogen peroxi de conversion 25 at the reactor
outlet remained constant at 85 f 3% The propyl ene oxi de selectivity based
on the hydrodan pelenotesdneteact ed remai ned within the range from92 to 95%
during the en nment . The th stat tenperature and the pH of the
hydr ogen pero%@be gﬁW%ﬁiﬁqn 633 30 functions of time in fig.
2. The tenper%@ure gﬂﬁgﬁﬂiron1exanple lis dramn in as a broken line for
conpari son. JAN 200 24 In fig. 2: (a) denotes tinme/h (b) denotes

t her nost at te@@erawmmﬁﬂﬁﬂmthQCmMmotes pH (d) denotes tenperature curve
(e) denotes pH.curve enotes tenperature curve fromexanple 1 10 The
experi ment maé)stoﬁ%‘%ﬁ%*ﬂ@PQQSO hours. As can be seen fromfig. 2, the
tenperature [gnge deQdst rAReofrerdeabipd rate of change of tenperature

coul d be S|gn| icantly reduced by S|nultaneously changi ng tenperature and
pH. 1 4 JAN 2004 -25 W claim

10 The experiment was stopped after 950 hours. As can be seen from fig. 2, the temperature
range required and the required rate of change of temperature could be significantly reduced
by simultaneously changing temperature and pH.



1. A process for reacting an organic conpound with a hydroperoxi de using at
| east one het erogeneous catal yst, wherein both the pH and the tenperh#udl 200i
5 of the reaction nmedium are changed during the reaction. 2. A process as
claimed in claim1l1, wherein a hydroperoxide solution is added continuously
to the reaction medium 10 3. A process-3%-clained in claim2, wherein the
change in the pH of the reaction nediumis achieved by changi ng the pH of
t he hydroperog%%gﬂnfolution which is added to the reaction nedium 4. A

process as cl ‘'n any of clains 1 to 3, which conprises at |east the
15 steps (i) to (iii): (i) reacting the hydroperoxide with the organic

conpound to give a mxture conprising the reacted organic conpound and
unreact ed hydir opeAaxerss fRoreasting anegraame corgpeund wcmh@gwdme WeROKi de

fromthe mxture resul ti fromste L) e (0] cting ,t.he. hydrgperoxi de
whi ch has been sepia el BoropdRiL it whbeiboeh REP IS SETREE o5
where the geactiongfine r84c8BE nddlurdBft dhhhged dufiBg €l feh@thnoUt i n at | east two
separate reactors and both the pH and the tenperature of the reaction

medi um are changed in at |east one of the reactors used in steps (i) and

(iii). 5. A ppocess as.clai I f I: . {n - H of
the 30 hydroferox r%g%slsg% ?@gm%dgm(a:ﬂ%ﬁlgléﬁQAH?&%d%B%XE%%E‘%&t%g?crlégat ment
of the hydroper oxi dentimlbousli anthsiredttiah mMedamt. one i on exchanger or (b) 5

e 3. A process as claimed in claim 2, wherein the change in the pH of the
reaction medium is achieved by changing the pH of the hydroperoxide

solution which is added to the reaction medium.

4. A process as claimed in any of claims 1 to 3, which comprises at least the

15 steps (i) to (iii):

(1) reacting the hydroperoxide with the organic compound to give a
mixture comprising the reacted organic compound and unreacted
hydroperoxide,

20 (i1) separating the unreacted hydroperoxide from the mixture resulting
from step (i),
(iii)  reacting the hydroperoxide which has been separated off in step (ii)

with the organic compound,

25 where the reactions in steps (i) and (iii) are carried out in at least two separate
reactors and both the pH and the temperature of the reaction medium are changed in
at least one of the reactors used in steps (i) and (iu).

5. A process as claimed in any of claims 2 to 4, wherein the pH of the

30 hydroperoxide solution is changed



(c) 10 by addition of (aa) an acidic salt or (bb) a basic salt or (cc) a

neutral conpound or (dd) a mxture of two or nore thereof to the 14 JAN 7004
. hydroperoxi de solution or by a conbination of methods (a) and (b). 6. A
process as clainmed in any of clains 2 to 5, wherein the hydroperoxide
solution is an aqueous hydrogen peroxideygolution. 7. A process as clained
in any of clains | to 6, wherein the heterogeneous 15 catalyst conprises a
titani umcontaining zeolite. 8. A process as clainmed in any of claims | to
7, wherein the orgéic byutegroemdf the hydipesoxide sblotan wia laastong eanbixehangerd. 20
9. A process as clained in any of clains 1 to 8, wherein the pH of the
reaction nedPumis reduced during the reaction. 10. A process as clai ned
in any of clainms 1lgho 9bymﬂﬁkﬁbp not only the tenperature and pH of the
reacti on nmedi um but "al so” the pressure under 25 which the reaction is
carried out is changed. (aa) anacidic saitor

5 (bb)  abasicsaltor
(cc)  aneutral compound or
(dd)  a mixture of two or more thereof
to the hydroperoxide solution or
(c) by a combination of methods (a) and (b).

10
6. A process as claimed in any of claims 2 to 5, wherein the hydroperoxide
solution is an aqueous hydrogen peroxide solution.
7. A process as claimed in any of claims 1 to 6, wherein the heterogeneous
15 catalyst comprises a titanium-containing zeolite.
8. A process as claimed in any of claims 1 to 7, wherein the organic
compound contains at least one C-C double bond.
200 9. A process as claimed in any of claims 1 to 8, wherein the pH of the reaction

medium is reduced during the reaction.

10. A process as claimed in any of claims 1 to 9, wherein not only the
temperature and pH of the reaction medium but also the pressure under

25 which the reaction is carried out is changed.



