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The present invention relates to an on-line nethod of determ ning the

hydr ogen peroxide content of a m xture obtained in a chem cal reaction and
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peroxide in the presence of a zeolite catalyst into which this nethod is

i ntegrated. The conversion of startingimaterials in chemcal synthesis is
generally determned from their concentration in the synthesis solution or
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The conversion of starting materials in chemical synthesis is generally determined from
their concentration in the synthesis solution or the product mixture from the synthesis.
15  Particularly in the case of reactions carried out continuously, it is often desirable to keep
the conversion of one or more starting materials within narrow limits. To achieve this, it is
necessary to take samples from the synthesis mixture at particular time intervals during the
synthesis process and to determine the concentration of the respective starting material in
these samples. If the residual concentration of the starting material found in the product
20  mixture deviates from the optimum prescribed value, it is possible, for example, to readjust
the addition of the starting materials or to modify the reaction conditions (e.g. temperature

or pH) to bring the conversion back to the desired value.

A particularly important case is oxidation reactions using hydrogen peroxide.

25
To determine the concentration of hydrogen peroxide in a mixture obtained in a chemical
reaction, many analytical methods are generally available to a person skilled in the art. In
principle, hydrogen peroxide can be determined both quantitatively and qualitatively by
taking advantage of its oxidizing and reducing properties.

30

For example, hydrogen peroxide can be detected qualitatively by means of the reaction

with a titanium(IV) oxide sulfate solution. An intensive yellow color develops as a result



of the formation of a titanium1V) peroxy conplex. Another qualitative
nmet hod of detection is the reaction with potassiumdi chromate solution and

dilute sulfuric acid, which results in the reaction solution b ]
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The determination of hydrogen peroxide is likewise problematical when the amount to be
determined is very low, i.e. generally below 1% by weight.
15
A further problem occurs when the mixture in which the concentration of hydrogen
peroxide is to be determined is very complex in nature, i.e. when further substances apart
from the substance to be determined are present in the analysis solution. Examples which
may be mentioned are further unreacted starting materials and by-products formed in

20  addition to the main product.

Thus, a determination of hydrogen peroxide in synthesis solutions having a low
concentration of hydrogen peroxide or/and a complex nature can in general not be carried
out directly by means of measurements such as optical absorption, reflection or emission,

25  for example fluorescence or phosphorescence.

Furthermore, measurement of the absorption of hydrogen peroxide in the near infrared
region, e.g. FT-NIR spectroscopy in the range from 4631 to 5140 cm’’, fails for the above
reasons and also due to interference by water and organic hydroperoxides.

30
Furthermore, measurement of the absorption of hydrogen peroxide in the ultraviolet

region, e.g. measurement of the UV absorption at 254 or 280 nm, is suitable for the reliable



-3 determ nation of the concentration of hydrogen peroxide only in
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synthesis solution, reliable analysis of hydrogen peroxide by th 82005
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horseradish perox1dase type I, EC No. 1.11.1.7 (AS reg. No. 9003-99-0). The dye formed

15  is subsequently determined photometrically, e.g. at 596 nm in the case of leuco-crystal
violet. This method is specific for hydrogen peroxide. Only hydroperoxides which liberate
hydrogen peroxide extremely easily in solution lead to interferences. This method is
described in detail in H.U. Bergmeyer, “Methoden der enzymatischen Analyse”, 3rd
edition, Vol. I, p. 2297ff., Verlag Chemie, Weinheim (1974).

20
The “titanium sulfate method” is also suitable for the quantitative colorimetric
determination of hydrogen peroxide in fhe presence of organic hydroperoxides. This
determination 1s adversely affected only by hydroperoxides which tend to liberate
hydrogen peroxide in an acidic medium (e.g. hemiperacetals). This method is based on the

25  yellow titanyl peroxo complex formed by the reaction of hydrogen peroxide present with a
titanium(IV) reagent (for example titanyl sulfate, titaniom(IV) chloride or potassium
titanyl oxalate). The titanyl peroxo complex has a strong absorption at about 408 nm.
Details of the way in which this method can be carried out may be found in the literature,
for example in Kakac, Z. Vejdelek, “Handbuch der photometrischen Analyse organischer

30  Verbindungen”, Volume 1, p. 92ff., Verlag Chemie, Weinheim (1974) or in G. M.
Eisenberg. Ind. Eng. Chem., Anal. Ed. (1943) 15, 327, and the literature references cited

therein.



for exanple in Kak(err)(err), Z. Vejdel ek, "Handbuch der photonetrischen
Anal yse organi scher 30 Verbi ndungen”, Volune 1, p. 92ff., Verlag Chem e,

Wei nheim (1974) or in G M Eisenberg. Ind. Eng. Chem, Anal. Ed6§§19§§?
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This method is, as also described in the article by C B. Alsopp in

"Anal yst" (1941) 66, 371, suitable for determ ning hydrogen peroxide in a
very | ow concentration range down to 9=5 N. 5 Athird colorimetric nethod
which is |likew se suitable for the selective determ nation of hydrogen
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The sensitivity of this method is very high, so that, for example, hydrogen peroxide
15  concentrations of about 0.02 ppm can be detected, but certain compounds formed, for
example, as by-products of the oxidation of propylene by hydrogen peroxide (e.g. acetone,
which has a cutoff at a wavelength of A.< 330 nm) also absorb in this region and thus
interfere in the hydrogen peroxide determination. This is a particular problem at very low

concentrations of hydrogen peroxide of about <100 ppm of H;O,.

20
When carrying out such reactions, for example the oxidation of an alkene by means of
hydrogen peroxide in the presence of a zeolite catalyst, an optimum yield should be
achieved, but at the same time reliable control of the reaction has to be ensured. To achieve
this, it is necessary to monitor the hydrogen peroxide concentration on-line.

25

In general, an analytical method whose end points can be indicated photometrically can
also be carried out by means of automated analytical instruments. Their use in a synthesis
process has hitherto frequently been separated from the data processing unit for evaluation
‘or process control and is coupled with this only indirectly, i.e. “off-line”, if at all.

30



25 I n general, an analytical nmethod whose end points can be indicated
photonetrically can also be carried out by neans of automated anal yti cal
instruments. Their use in a synthesis process has hitherto freguetgtysaeeroos
separated fromthe data processing unit for evaluation or process control
and is coupled with this only indirectly, i.e. "off-line", if at all. 30 2
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determ ni ng hydrogen peroxide in synthesis processes during operation have
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thus present in the output from the synthesis can |lead to unsafe situations
such as expl osi ve deconposition reactions, for exanple in the subsequent
wor k- up Bdr theerqasaduatentioned, it has hitherto been virtually impossible to improve the

economic efficiency of synthesis processes, for example the oxidation of alkenes by means
of hydrogen peroxide in the presence of a catalyst with respect to the yield and purity of

15  the product, by monitoring the hydrogen peroxide concentration.

Furthermore, especially in the case of starting materials such as hydrogen peroxide which
tend to undergo exothermic decomposition reactions, safety considerations make it
undesirable to allow their concentration in the synthesis mixture to remain uncontrolled for
20  any length of time. Unreacted hydrogen peroxide which is thus present in the output from
the synthesis can lead to unsafe situations such as explosive decomposition reactions, for

example in the subsequent work-up of the product.

It would therefore be advantageous, especially in the case of batch or semibatch reactions,
25  to have on-line monitoring of the hydrogen peroxide concentration available so as to be
able to avoid accumulation of hydrogen peroxide to unacceptably high concentrations

which could represent a safety risk.

In the case of an oxidation in a continuous reactor, it is important to monitor the residual
30 content (and thus also the conversion) of hydrogen peroxide in real time and to keep it

within predetermined limits by means of alterations to the reaction conditions (e.g.



It would therefore be advantageous, especially in the case of batch or

sem batch reactions, 25 to have on-line nonitoring of the hydrogen peroxide
concentration available so as to be able to avoid accumul ation g)g ?005
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risk. In the case of an oxidation in a continuous reactor, it is inportant
to nonitor the residual 30 content (ang_thus also the converS|on) of
hydrogen peroxide in real tinme and to keep it wthin predetermned limts
by neans of alterations to the reaction conditions (e.g. 2 AUGUST 2005 -6
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deternin3?¥ B?mFﬁ@ HVHF‘%@H %5beide content would be of particularly
great 5 inportance when the oxidation reaction is carried out continuously
in the presence of a catalyst whose catalytic activity is not constant
(e.g. bedauyelin¢ ddermination o6 theoliydrpgen I@faDDiId? gpyltentrwoalﬂgueer ef partigulariz swedtbed
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hydr ogen peroxi de content of a m xture obtained in a chem cal reaction,

whi cH net hod conprises at least the follow ng steps: 20 (1) adm Xing the
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hydrogen peromde content and a process for the oxidation of alkenes by means of
hydrogen peroxide into which this method is integrated, so as to enable the
abovementioned disadvantages to be avoided.
15
We have found that this object is achieved by an on-line method of determining the
hydrogen peroxide content of a mixture obtained in a chemical reaction, which method

comprises at least the following steps:

20 (1) admixing the mixture comprising hydrogen peroxide with at least one
reagent which is capable of forming a substance which can be detected by
optical methods on reaction with hydrogen peroxide, so as to form this

substance,

25 (2) determining the amount of the substance present by measuring its specific

absorption in an appropriate wavelength range,

and by a process for the oxidation of alkenes by means of hydrogen peroxide in the
presence of a catalyst into which this method is integrated.

30
For the purposes of the present invention, the term “on-line determination of the hydrogen

peroxide content” encompasses all methods and apparatuses which are suitable for the



optical nethods on reaction with hydrogen peroxide, so as to formthis

subst ance, 25 (2) determ ning the anobunt of the substance present by

measuring its specific absorption in an appropriate wavel ength ﬁﬁ&] d2005
by a process for the oxidation of al kenes by neans of hydrogen perox

the presence of a catalyst into which this nethod is integrated. 30 For the
pur poses of the present invention, the term"on-line determ nation of the
hydrogen peroxide content” enconpasses all nethods and apparatuses which

are suitable for the 2 AUGUST 2005 -7 determ nation of hydrogen peroxide
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filed by e appli cant of 5 invention. The expressi rectly
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instrument can be connected to at | east one data processing unit. This
connett i BN, for exanpl e, be via further equipnent itens known to a
person skilled in the art. 'O These are able, for exanple, to receive, to
anplify, to transformor to otherw se nodulate the signals produced by the
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with one another and with the analytical apparatus and with the data processing unit or
units via commercial cable connections, infrared interfaces or similar means of
transmitting signals.
15
In the method of the present invention, the apparatus for the on-line determination of
hydrogen peroxide comprises at least one sampling device for taking a sample from the
reaction mixture formed in the course of the synthesis, at least one apparatus for sample
preparation and at least one instrument which is capable of determining the specific
20  absorption of the sample in a suitable wavelength range. The apparatus in question
comprises at least one component which is connected to the equipment items described and
is capable of performing the control function for the individual equipment items so as to

coordinate their operation.

25  For process control of the synthesis plant, the data determined by the apparatus for the on-
line determination of hydrogen peroxide are evaluated by means of at least one data
processing unit connected to this apparatus and converted into control commands for
process control of the synthesis plant. These control commands can then be passed on to
the process control system of the plant, which is connected to the at least one data

30  processing unit.



preparation and at |east one instrunment which is capable of determ ning the
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15  Reagents having this property are in principle all compounds known to those skilled in the
art for this purpose. They can be used either individually or in admixture with one another
or together with further compounds. Further compounds can, for example, comprise

stabilizing or solubilizing additives.

20 In general, the formation of the substance involves reaction of the reagent with hydrogen
peroxide to form a complex or a compound which can be detected by means of optical
methods. Here, the concentration of the substance and thus the hydrogen peroxide content

can be determined by comparison with a suitable standard.

25  The reagent or reagents -is/are preferably selected from the group consisting of metals of

transition groups IV to IX of the Periodic Table of the Elements.

The reagent or reagents is/are more preferably selected from the group consisting of
titanium-, cobalt-, chromium-, zirconium-, hafnjum-, vanadium-, niobium- and tantalum-

30  containing compounds.



20 In general, the formation of the substance involves reaction of the

reagent with hydrogen peroxide to forma conplex or a conpound which can be
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preferably selected fromthe group consisting of netals of transition

groups IVto I X of the Periodic Table af-the El enments. The reagent or

reagents is/are nore preferably selected fromthe group consisting of
titanium, cobalt-, chrom um, zircopium f.nium, vanadi ni ob| m and

t ant al unFOTSFEBH GNP WIRRFISFRIS can leﬁgsf?r BBUIPOBE: fanIR |Cé>mPPHB
fol | ow %Cﬁ%@l%@m l?ﬁeb&)bﬂgﬁf)t%ﬁé,)fbpb;%mﬁﬂé%ﬁﬁt(ut) ishAe WIChbMA1r GRARBBHAES
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vanadi um salts ch as vanadyl sulfate, etc. 5 The reagent used is

parti cul‘éﬁnﬁglypﬁugfg@rﬁtﬁl y titanyl sulfate or cobalt(ll) sulfate. In a further
prefgrred enbodi nent of the present invention, the reagent or reagents
conprise(s) a |l euco dye and a peroxi dase. 10 For the purposes of the present
i nvent i dfhe rehgent @sed 15 Ipactom] diyeprefeedtdy sitany] adfatcgecoblatiglé) subfaiedi zed f orm has a
weaker or stronger or other, e.g. shifted in terns of the absorption

wavel ength, specific absorption in the optical spectrumconpared to its

reduced 1,05 Myrther rg'réifeﬁéc? %ﬁod&m@ﬁr Bf Ghe/ e;ﬁ‘esteﬁt Usbebioh SO T&p¥RT B ARG

(tris(4-di methyl am nophenyl)- nethane), ‘| euco-mal achite green

(bi s(4- diommrhy{samlmwphbfnwmipmrg»dldmthane) o-di ani si di ne and acri di ni um
sal t 10- et hyl - a- (p- f or nyl phenyl ) acri di ni um carboxyl ates and

pur par ogal lin. 20 Particular preference is given to using |euco-crystal
viol et (fdrithé pufhoiBd BY hirhresuid 8Mention, the term “lenco dye” refers to any dye whose

oxidized form has a weaker or stronger or other, e.g. shifted in terms of the absorption

wavelength, specific absorption in the optical spectrum compared to its reduced form.

15  Preference is here given to using leuco-crystal violet (tris(4-dimethylaminophenyl)-
methane), leuco-malachite green (bis(4-dimethylaminophenyl)phenylmethane),
o-dianisidine and acridinium salts, e.g. 10-methyl-a-(p-formylphenyl)acridinium

carboxylates and purpurogallin.

20  Particular preference is given to using leuco-crystal violet (tris(4-dimethylaminophenyl)-

methane) or purpurogallin.

In the reaction of hydrogen peroxide with the respective leuco dye, the formation of a
substance which is detectable by optical methods proceeds via an electron transfer reaction
25  which is catalyzed by a peroxidase. The leuco dye is oxidized in this reaction. The
oxidized form of the leuco dye then absorbs at a wavelength which is specific to it and can
thus be detected by means of optical methods. Here too, the concentration of oxidized
leuco dye and thus the concentration of hydrogen peroxide can be determined by
comparison with a suitable standard.
30
A peroxidase suitable for this embodiment of the present invention is, for example,

peroxidase type II (from horseradish), which is commercially available.



met hane) or purpurogallin. In the reaction of hydrogen peroxide with the
respective |l euco dye, the formation of a substance which is detectable by
optical nethods proceeds via an electron transfer reaction 25 which is
catal yzed by a peroxidase. The leuco dye is oxidized in this reactagQusihe200s
oxi di zed formof the |l euco dye then absorbs at a wavel ength which is
specific to it and can thus be detected by neans of optical nethods. Here
too, the concentration of oxidized |eygo dye and thus the concentration of
hydr ogen peroxi de can be determ ned by conparison with a suitable standard.
30 A peroxidase suitable for this enbodi nent of the present invention is,
for exanple, peroxidase type Il (from horseradish), which is commercially
avai | abl,g. . 2, AUGUST. 2005 .- 10 Basically h ubst ance..f or med reaction
of "the HAHGNENTEBRAE (amd Bererinas o R TESHIEITTE Rl can
be det echiggl thef rebpeclite Bdagedtf canpity @Rédted Xitihé aRl ofM@IphOsiFat®Bptiddd enddcdsorof 1 ts
specific absorption in a particular wavel ength range. 5 It is in principle
possi bl éhe basisef i3 $peebiciabaprphen o 8 patticolen wagekengidaangd. | led in the art for

t he 5detection of a substance which absorbs in a particular wavel ength
range. Methods which may be nentioned by way of exanple are W, W/ VIS, VIS

IR, NW g0f in@rigeiphipGRRd fodsseQllyoptichl n8thoas kh&W e té thode tianed netheiak iR tHehe
absorption (or transm ssion), the reflection or the fluorescence. In a

pr ef er r él§teshpo f Aravhstace hach aksemsiin s, partrulampanelength xanee.subst ance present
is determned by neasuring its specific absorption and/or fluorescence in
the UV VIS region 15 of the spectrum Instrunents suitable for detection of
t he subVewhods hichtrhey beifeatosediy Wag of eesaple ard) VBNV ISaVES J&) &NIRI dnd
commercial spectroneters_ appropriate for the respective wavel ength range,

pr ef &r adiamaweetressape s 1sqnspiblg Roletemirgeither thesalisegtion. (or transmission), the

reflection or the fluorescence.

In a preferred embodiment of the invention, the amount of the substance present is
determined by measuring its specific absorption and/or fluorescence in the UV/VIS region

15  of the spectrum.

Instruments suitable for detection of the substance for the purposes of the present invention
are generally commercial spectrometers appropriate for the respective wavelength range,

preferably spectrometers operating in the UV/VIS region.

20
The present invention further provides a process for the oxidation of an alkene, which
comprises reacting the alkene with hydrogen peroxide in the presence of a catalyst,
preferably a zeolite catalyst. In this process, the hydrogen peroxide content of the reaction
mixture is determined on-line by means of the above-described method during the reaction.
25

For the purposes of the present invention, the term “alkene” refers to all compounds which

have at least one C-C double bond.

Examples of such organic compounds having at least one C-C double bond are the following

30 alkenes:



20 The present invention further provides a process for the oxidation of an
al kene, which conprises reacting the al kene with hydrogen peroxide in the
presence of a catalyst, preferably a zeolite catalyst. In this rﬁﬁ?%%'rt%os
hydr ogen peroxi de content of the reaction mxture is determ ned on-l1ne by
means of the above-described nethod during the reaction. 25 For the

pur poses of the present invention, the it erm "al kene" refers to all conpounds
whi ch have at | east one C C double bond. Exanpl es of such organi c conpounds
havi ng at | east one C C double bond are the following 30 al kenes: 2 AUGUST
2005 - ldthetchgmepenpr dfemane, 2-thudnenésobBicheit butadienes gizuteaes , piperylade.emexenes,

pent enes i.peryl ene, hexenes, . hexadi enes, heptenes, octengs, dilsobutene,
bri ot hy EeAiears ,heatsﬁgﬁnggzen%&eé@w&net it WRgitons, SohetecREcirs: HECSEne,

triprope r N€ u i | wi » ol ,
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terpenes, geraniol, l[inalo I nal acetate, t hyl enecycl ane,

cycl openisepreness tarpareshgexanel, linalobl dinelyk acetate, | oétbplerevycloprapahe; oytlohentenee,

vi nyl oxi rane, vinyl cycl ohexene, styrene, cycloocteng, .cycl ooct adiene,

Vi nylhor BEITHEHERS. IGERSRREnE EYSIGBRPUTT NEBIracIOneAnRy ey (pkiARe. Vinyicyelonexere,

di cycl opgpleadi engolodiiey! BRNFRAR; Eyc'vﬂﬂ@&%&ﬂ&m cymlaeplodecabhi#BRd

stil bene, %c?i p’hen?? but acf?en Y/ tamn A, “beta-carotene, vinyli dene f1uofi de,
al | yl hainethylstyrems, otdidychipentadeg, ndivinylbeptenehl oydlalndeckinehl oyadddadecatriersl | v

al cohol , t hal | yl cohol , tenol s,. 10 but enedi ol.g, cycl opentenedj.ol s,
oot ool et dihenbERiERs.o bR & briestRabeatiins; HEoSEE WiET Feldsne.
i soeuge néi’péhl c%ﬁh&%&halm hldHaR! &ehieATbRRRY ] alcllﬁrl aebBs, ﬁiéﬂﬂll?lsalé’&{ol/, | Hufendfl d.

met hacryli ¢ acid, crotonic acid, naleic acid, vinylacetic acid, unsaturated
f atti0 achuleneglidh ewlopshtginedialsi dhenienals) excadgoold, tpddéasnaels.c vasaturated astenoxdsl y

occurring, fats and.oils. 15 In.the process of.the. invention, preference is
gi ven t o LYEPeR 1 SReNEeRgRy aPRPRS 1 Paiated, CaraonYlicy AIRF spetines 4Vl &fitar
pr ef er engethhéryBt A, ér0tdnRA4did, NG alichRNE Vil RBEE BcidNehstik REE fartyeicis sRet hd cul ar

preference is given to reacting .gr opene. ) _
oleic acid, linoleic acid, palmitic acid, naturally occurring fats and oils.

15  In the process of the invention, preference is given to using alkenes containing from 2 to 18
carbon atoms. Particular preference is given to reacting ethene, propene and butene. Very

“particular preference is given to reacting propene.

The hydrogen peroxide used for the reaction with an alkene in the process of the present
20  Invention can be prepared, for example, with the aid of the anthraquinone process by means
| of which virtually the entire amount of the hydrogen peroxide produced worldwide is
obtained. This process 1s based on the catalytic hydrogenation of an anthraquinone compound
to form the corresponding anthrahydroquinone compound, subsequent reaction of this with
oxygen to form hydrogen peroxide and subsequent extraction to separate off the hydrogen
25  peroxide formed. The catalysis cycle is closed by a new hydrogenation of the anthraquinone

compound which has been formed again in the reaction with oxygen.

An overview of the anthraquinone process is given in “Ullmanns Encyclopedia of Industrial
Chemistry”, 5th edition, volume 13, pages 447 to 456.
30



The hydrogen peroxide used for the reaction wwth an al kene in the process of
the present 20 invention can be prepared, for exanple, with the aid of the

ant hr aqui none process by neans of which virtually the entire a h
hydr ogen peroxi de produced worl dwi de is obtained. This processe?gﬁggggﬁﬁdﬁoos

the catal ytic hydrogenati on of an ant hraqui none conpound to formthe
correspondi ng ant hrahydr oqui none conpoypd, subsequent reaction of this with
oxygen to form hydrogen peroxi de and subsequent extraction to separate off
t he hydrogen 25 peroxide forned. The catalysis cycle is closed by a new
hydr ogenitis dkewise tcheceavabler tog obtamnieydrogempparoxidedbycdonvearsidneainsul fwricedidagéd n i n

the reaction W en. An.overvi.ew af t.he_anthra ul none cess 1S, given

.OX V! . . r
in "U Il kAR Fie GEH; B grodin giridaripn withohimpltapeqps evelytion ffihydroeep 4t dhe 13,
pages 444t fydroifsi€ AURSTerédQBsulfulié Adid Ither 1KRMW ¥8 GBESUMERE &ictdo r@bt ai n
hydr ogen peroxi de by conversion of sulfuric acid into peroxodisulfuric acid
by anodi kydooged aeraxndevindisuinuhdidvelods isalned ietcovemedof hydrogen at the cat hode.
Hydrol ysis of the peroxodisulfuric acid then | eads via peroxosulfuric acid
to ﬁydrogen peroxi de and sulfuric acid, which is thus recovered. 5 O

course, Of ERMedpleBiralbn BYSYRISR HRESIH H6mihOMLhbets ¥ AWPisibles al so possi bl e.
Bef ore use of hydrogen peroxide 'in the process of the present invention, it

is possible, for exanple, for a commercially avail abl e hydrogen peroxi de

solution,to be freed of undesirabl.e 'O ions. Concei.vabl.e nethods. ar i nter
21 o B e OT NG Hsn AT Tt BE Rmhsh O T FRge oy BHOBeT BRI 19 106
or WO 92,Q8PI8 forld &tMineRialBlavhRalé hdi8z&PbdroXtk GBlutiSn tPbEEBEY of ihdefitable

hydr ogen peroxi de sol ution can be renoved fromthe h%drogen per oxi de

sol utdi onobs Geraesvable mgthaslg cérandmter nlian medmsls atu sre jbeil.nforaexamepdet rone
nonaci dig; rl? vin [ zseation of [e [ and a
hei ght Hﬁlsd uggls?ﬁgzg ﬁggﬁg?ghlt 1% g’@? a{qw%éﬁlsbﬁﬁg’% ﬁ%nagtel%%sét r|lne15 gef‘lgglshﬁt%ésn or
equal t oprésent n Axehydid g peioxideasolh@ss chh @8 refmofed dtom tthe hyrogeMperoxidy t he
pur poses of the present_invention, it is in principle possible to use all
solution by means of ion exchange in an apparatus comprising at least one nonacidic ion
exchange bed having a cross-section of stream area A and a height H such that the height
15 H of the ion exchange bed is less than or equal to 2.5 X A2, in particular less than or equal
to 1.5 x A'2. For the purposes of the present invention, it is in principle possible to use all
nonacidic ion exchange beds comprising cation exchangers or anion exchangers. It is also
possible to use mixed beds of cation and anion exchangers as ion exchange beds. In a
preferred embodiment of the present invention, only one type of nonacidic ion exchangers
20  is used. Further preference is given to the use of a basic ion exchanger, particularly

preferably a basic anion exchanger and very particularly preferably a weak base anion

exchanger.

As regards the zeolite catalysts which can be used for the purposes of the present invention,

25  there are no particular restrictions.

Zeolites are, as is known, crystalline aluminosilicates having ordered channel and cage
structures containing micropores which are preferably smaller than about 0.9 nm. The
network of such zeolites is made up of SiO, and AlO, tetrahedra which are joined via shared

30 oxygen bridges. An overview of known structures is given, for example, in W. M. Meier,



nonaci di ¢ i on exchange beds conprising cation exchangers or anion
exchangers. It is also possible to use m xed beds of cation and ani on
exchangers as ion exchange beds. In a preferred enbodi nent of the e t

i nvention, only one type of nonacidic ion exchangers 20 is used.QFﬁﬂﬁgggﬁ 2005
preference is given to the use of a basic ion exchanger, particularly
preferably a basic anion exchanger and 14ery particularly preferably a weak
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or der ed hagnel gnd cage structures containing mcropores which are
preferabf“?" P8 than about 0.9 nm The network of such zeolites is made
up of SiO4 and Al04 tetrahedra which are joined via shared 30 oxygen
bridges. An overview of known structures is given, for exanple, in W M
Meier, 2 AUGUST 2005 -13 D. H dson and Ch. Baerlocher, "Atlas of Zeolite
St r uct ur Bedlitgzewhich Eosmiti 8o alvdtihuadindi io nwhich dredSiiI V)98 Ghe Zdioate lascansi mntly
contain no al um numand in which the Si(l inthe silicate lattice.is
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311 983 for éxPmpled(n EP78.0 NIHA3 br EM-AK05 008 Apatt tfidmanilicon and citanioet enclal s
may further .conprise_ additional, el enpnts such as um num. zirconium tin,
iron, cOBEPES M REfber GmPR A smedfheieh BUIBf ZIFGORYR-rfd OB ¢ he
zeol ite GakRl Mekd, g’ﬁmlﬁﬂ, ¥r6n or &l ShdRhtY of AU6RRL. 3L At H9liRkGat MR PHARRSS Of
the present invention, the titaniumof the zeolite can be partly or
conploiet eprgferahpy sagederhtgd waimgdhe process afahé prasemthinweritiom e tidnowrnohthe zeplite

m xture of two gr nore reof. T nolar ratio of titanium and/,or vanadi um
21 ¥ cont uife BERFE OGRS e By Ner o frSrte ot PR of SR ARG or
vanadi unmaitehedf Hio" SOMotEMhesddll/ Phe &l 2 MaBoRRRABEM A Wihh&uBERBEG M, | N

the range from0.01:1 to 0.1:1. |5 o ] o
chromium or niobium to the sum of silicon and titanium and/or vanadium and/or zirconium

and/or chromium and/or niobium is generally in the range from 0.01:1 to 0.1:1.
15

Titanium zeolites, especially those having a crystal structure of the MFI type, and possible
ways of preparing them are described, for example, in WO 98/55228, WO 98/03394,
WO 98/03395, EP-A 0 311 983 or EP-A 0 405 978, whose relevant disclosure is fully

incorporated by reference into the present patent application.

Titamium zeolites having an MFI structure can, as is known, be identified by means of a
particular X-ray diffraction pattern and also by means of a lattice vibration band in the
infrared region (IR) at about 960 cm™ and can thus be distinguished from alkali metal

titanates or crystalline and amorphous TiO, phases.
25

Specific examples of suitable zeolites are titanium-, germanium-, tellurium-, vanadium-,
chromium-, niobium- and zirconium-containing zeolites having a pentasil zeolite structure, in
particular the types which can be assigned X-ray-crystallographically to the ABW, ACO,
AEL AEL, AEN, AET, AFG, AFI, AFN, AFO, AFR, AFS, AFT, AFX, AFY, AHT, ANA,
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For the purposes of the present invention, preference is given to using Ti-zeolites having an
15 MFIL, MEL or mixed MFI/MEL structure. Preference is also given specifically to the Ti-
containing zeolite catalysts generally referred to as “TS-17, “TS-27, “TS-3”, and also Ti

zeolites having a framework structure which is isomorphous with 3-zeolite.

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

0 catalystis a titanium silicalite having the TS-1 structure.

When carrying out the process, it has surprisingly been found that the on-line
determination of the hydrogen peroxide content enables the running synthesis process to be
optimally controlled. The determination is, in particular, carried out on the product mixture
25  from the reaction. In a synthesis carried out in a number of reactors connected in series, the
determination is preferably carried out on the product mixture from either individual,
selected reactors or from all reactors. In this way, the total yield or the yield from each
reactor and the purity of the respective reaction mixture and thus also of the product can be
optimized. Furthermore, the safety risk resulting from any hydrogen peroxide present in

30  the product mixture from a synthesis without optimized control can be minimized.



For the purposes of the present invention, preference is given to using

Ti -zeolites having an 15 MFI, MEL or m xed MFI/MEL structure. Preference is
al so given specifically to the Ti- containing zeolite catal ysts generally
referred to as "TS-I", "TS-2", "TS-3", and also Ti zeolites haw nu&usT 2005
framework structure which is isonorphous with (3-zeolite. Accordingly, the
present invention also provides a process as described above in which the 0
catalyst is a titaniumsilicalite havinggthe TS-1 structure. \Wen carrying
out the process, it has surprisingly been found that the on-Iline

determ nation of the hydrogen peroxi de content enables the running synthesis
process to be optimally controlled. The determnation is, in particular,
carried out on the product mxture 25 fromthe reaction. In a synthesis
carried dur the parprsedef tid presematt mventdmnrbe tdettrininasioni eSthet Ingdroghet perokidat i on

is preferably ga[ried out on_the produc} m xture fromeither .individual,
sel ect ed “PBEBL GPENG G FREQRL he REACEHS OF (e PIRSENIRYCNMe1s: CATHPD PREPRHIRY t he
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resul §i npréfemntaisyziventodgepensesini therange $em 1itn 6080'.t he product ni xture from
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For the purposes of the present invention, the determ nation of the hydrogen
peroxi de content during the course of the process of the present invention

is carried, ol B &l the HAE bPHeGBIali¥nsHRb BEGIRR ke f%ﬁl_o@virﬁlg ﬁ%?{!cy in the range
100 h-1 ar to

from0.5 to -1. Particu preference 1s give requencies in the

range from1 to 60 h-1. For exanpl on the basis of the relationship
bet ween the fgl?ﬁ tgmpﬁba%?rggf%vrag?ngqgﬁgé {egﬁi%’r ature prevailing in the reactor,
t he conversi onq]of hydr oge er oxi de a‘é}g 10 - the catalytic activity of the
t Cg’a‘lﬂl
t

cat al yst “used "“1CNE S} FPeea@sEYidedbn of the catal yst used in each

case can be countered by continuously increasing  the tenperature or

adj ud®i ng t he thacatalytiedbiitysd dhe ¢atadpstiged geths4gacionThe t emper at ure i ncrease

required for each regulated step is determned with the aid of the
deactivation of the catalyst used in each case can be countered by continuously increasing

the temperature or adjusting the pH, as described in DE 199 36 547 .4.

The temperature increase required for each regulated step is determined with the aid of the
15  determination of the hydrogen peroxide content of the respective reactor output carried out
at short time intervals. As a result of the on-line connection between the apparatus for
determining the concentration of hydrogen peroxide and the process control system of the

synthesis plant, the necessary regulation occurs without any significant time delay.

20  As aconsequence, the conversion of hydrogen peroxide can be kept constant over virtually
the entire synthesis process. This in turn has a positive effect on the yield and purity of the

desired product.

In the case of a plurality of reactors connected in series, it is of course also possible, in the
25  context of the invention, to determine the hydrogen peroxide content in each reactor or in
the output from each reactor by means of the appropriate number of apparatuses for the on-
line determination of the hydrogen peroxide content. One or more data processing units

connected to these apparatuses transmit(s) control commands corresponding to the



15 determ nation of the hydrogen peroxide content of the respective reactor
output carried out at short tinme intervals. As a result of the on-line
connection between the apparatus for determ ning the concentrat %U?EIST 2005
hydr ogen peroxi de and the process control systemof the synthesis plant,
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per oxi de 4 Eﬁﬁ- , ferably all reactors, can be
deterrrim(aﬂ&:ilJg y ﬁggﬁgkggggﬁéﬁﬁg%éﬁ %%%—n?ne nmet hod of determ ning the hydrogen

peroxi de content. 10 The process of the present invention, as described
above, is preferably used for the conversion of propene into propyl ene

oxi de by _neans of hydrogen peroxide in nethanolic solution.in the presence
of al®it ARF ATPSSSP | albet Brepeii Myeipmvias d3seiRedirBOVE. nis aPgterahly (isgd | fpr the

preferred rWEPs‘? ' e ffd PropFfak Biud By fREAR B RRY $tidein RepR¥bgoe 15
IS reacteO mntﬁiﬁggﬁggé% pe B rde in tﬁ%’presence o#ﬁﬁﬁrﬁaﬁogylaeggéic salt
and TS- lsastiorcht the petsenae of o titasiunr ghcdlve hfviag an Midcdtimciuré.or exanpl e t ubul ar
reactor). Here, the reaction pressure is selected and kept constant at a
val ue at which no gas phase

In a particularly preferred embodiment of this reaction to form propylene oxide, propylene

15 is reacted with hydrogen peroxide in the presence of methanol, a basic salt and TS-1 as

catalyst in a first reactor (main reactor, for example tubular reactor).

Here, the reaction pressure is selected and kept constant at a value at which no gas phase
is present during the reaction. The temperature is selected so that the hydrogen peroxide

20  conversion in the output from the reactor is from 85 to 95%, preferably from 88 to 93%.

Since the catalyst is typically deactivated during the course of the reaction, the temperature
has to be continuously adjusted for the abovementioned reasons. In general, the
temperature increase necessary is from 0.2 to 1.5°C per day, depending on the reaction

25 conditions.



is present during the reaction. The tenperature is selected so that the

hydr ogen peroxide 20 conversion in the output fromthe reactor is from85

to 95% preferably from88 to 93% Since the catalyst is typicaldy

deactivated during the course of the reaction, the tenperature %ﬁé&qﬁgﬁﬁ‘zoos
continuously adjusted for the abovenenti oned reasons. In general, the
tenperature increase necessary is fromg.2 to 1.5 C per day, depending on

the reaction 25 conditions. 2 AUGUST 2005 -17 To determ ne the precise
tenperature increase necessary at a given point in tinme during the

synt hesi 9 deteemingdheo geagisgdeperdbire oroveass negessay dee ghvenmothtar tigreoturing the
interval s,  as. sc¢ri.bed above.. 5 For exanpl,e, the oytput fromthe first
react or ?ysflt%fskce{ge chﬁ'dfc?geﬁ BT OFI9R | VS0 Iy ﬂﬁtefrﬂme&hé{cﬁm& e, BTy, 28

typi cal | Yese8884 advel he propyl ene oxide forned are separated off at the top.
The remai ning bottons are adm xed with propylene and, if appropriate, with a
basic salt 10 and reacted in a second reactor (after-reactor, for exanple a
sinple tube reactor or shaft reactor). In the after-reactor, preferably

from90 o 95% of the hydrpgen,peroxide i.ntroduced into,.i re reacted,

S e | ol Sty Mecbet BEEORET Y achbtor 8o GRS Ryt bousioBhR soRRER i on
can caus@hial#18asP90B! §pFoallMigdos,, i Gheprop PIRHE bRIdR TorhE LA QBpAritel @FUALIthé N &
decrease in the selectivity of the reaction. 15 To control the conversion in
t he aftetopreactor, adjustnments are nade, for exanple, to the inlet
tenperature or the anmount of base via the process control systemin
accordance with the hydrogen peroxide content determ ned on-line. 20 The
invention is illustrated by the exanpl es below. Exanple | Apparatus for the
on-1ine e eInfAifm KottoRs A didagedd MehPrbpiEene?and, if appropriate, with a basic salt

10  and reacted in a second reactor (after-reactor, for example a simple tube reactor or shaft

reactor). In the after-reactor, preferably from 90 to 95% of the hydrogen peroxide
introduced into it are reacted, since lower conversions frequently leave residual hydrogen
peroxide which can cause safety problems, while higher conversions frequently result in a

decrease in the selectivity of the reaction.
15

To control the conversion in the after-reactor, adjustments are made, for example, to the
inlet temperature or the amount of base via the process control system in accordance with

the hydrogen peroxide content determined on-line.

20  The invention is illustrated by the examples below.

Example 1

Apparatus for the on-line determination of hydrogen peroxide
25
The overall apparatus for the on-line UV/VIS-spectroscopic determination of H,0,

comprises:

1. a metering and control system (e.g. process titrator from the “ADI” series from

30 Metrohm) for automatic sampling and carrying out the color reaction,



The overall apparatus for the on-line UV/VIS-spectroscopic determ nation of
H202 conprises: 1. a netering and control system (e.g. process titrator
fromthe "ADI' series from 30 Metrohn) for automatic sanpling sn i

out the color reaction, 2 AUGUST 2005 -18 2. a fiber optic tra%sgn@%i{n 2905
probe which dips into the reaction vessel and is connected via silica optic
fibers to 3. a U/ VIS spectroneter (prgferably a diode array spectroneter)

for recording the spectra, and also 5 4. a conputer (PC) for evaluating the
spectra and cal cul ati ng the H202 concentration. 5. The H202 concentrations
in the productiibst pRAGHITARNTRIRSIAR PEODE ddHclydips ARorbRirgaptigmyesselgagd ig gpnnected

subsequent | yvpaesiﬁgyg ft'?'\%ﬁpy nmeans of a digital/analog converter into a
4-20 mA el ectric si g‘ﬁa ich is transmtted to a process control systemfor

control Bing ahevpVBtpeckOmEhe (pediemblyi £ diddelatdyr ecGosbBRyNforireédrdingetht. The
WVIS spectroneter is preferably triggered by the process titrator. In this
case, a trafBi@sahalpe obe di ps into each of the reaction vessels in the

Citrat : . car , iy
i bers tprof Srbiyer®E iR Cyaidtihd BRSBLARL 30 SAAERALE EORUSC o 20, ©
one spect r ondheHis @adaitakibis Futhkipeddiet stréim @hicH balel bekn detemmirdedriaahis| y

recordi ng the absorption spectra at the various neasurenent points.
Procedure foayHfanrphseqientdy b caprgied b meanef @ digitalfanglog emvereming 2

(typically O45pnK 1e1e@ﬁ%e|’§fgé1?€ vﬁﬂcﬁ '}Er.fa%@ d i iaoﬁb}?%ése ﬁé ans%gtérﬂ dhe

product streamvia a capl I ne w aid o ering system and
are transf ecomeblling chetplantt eacti on vessel |ocated in the titrator. The col or
reagent (comrercially available titanyl sulfate solution, about 5% by

wei ght of Ti) (typically 0.5-5 m) is added froma reservoir. A yellow sh

titanyl TRELGENARTRLENHE & sES&:H“ffP'ﬁ@Heelr. a short tinme (typically

The UV/VIS spectrometer is preferably triggered by the process titrator. In this case, a
transmission probe dips into each of the reaction vessels in the process ftitrators. If these
15  transmission probes are connected via optic fibers (preferably made of quartz) to an optical
multichannel multiplexer, one spectrometer is generally sufficient for (virtually)

simultaneously recording the absorption spectra at the various measurement points.

Procedure for the H,O, determination:

20 A few milliliters of sample (typically 0.5-5 ml, depending on the concentration) are taken
from the product stream via a capillary line with the aid of the metering system and are
transferred into the reaction vessel located in the titrator. The color reagent (commercially
available titanyl sulfate solution, about 5% by weight of Ti) (typically 0.5-5 ml) is added
from a reservoir. A yellowish titany] peroxo complex is formed after a short time (typically

25 1 min). The solution is subsequently made up to a specific volume (typically in the range

from 25 to 500 ml) with a solvent (e.g. distilled water, dilute sulfuric acid, etc.).

To record the UV/VIS absorption spectrum, it is necessary for the measuring slit of the
transmission probe to dip completely into the solution to be analyzed. A typical UV
30  spectrum is shown in figure 2. A spectrum previously recorded on the solvent serves as

reference (= 100% transmission).



25 1 min). The solution is subsequently nade up to a specific volune
(typically in the range from25 to 500 mMl) with a solvent (e.g. distilled
water, dilute sulfuric acid, etc.). To record the UV/ VIS absorption

spectrum it is necessary for the neasuring slit of the transm2saAvEUE®LZ005
to dip conpletely into the solution to be analyzed. A typical UV 30
spectrumis shown in figure 2. A spectrum previously recorded on the sol vent
serves as reference (= 100% transm ssijgn). 2 AUGUST 2005 -19 The

conversion of the neasured UV/ VIS absorbances into H202 concentrations is

carried _out on the nputer b of a nmeasur nt and eval uati on
progr am R ROTIFESIAR ot g a{ea%lafrcf/ BRS ToAbTRETFY H!m%%c&mewappaﬁ 1§ garmied
pref er abby GAME ISR bYShthside RESAFINE %n@gvmgﬁmﬁﬁ%gfﬁ Leth BTSN of

the titanyl peroxo“conpfex at about 408 run. Exanple Sequence of steps
for the ghibraist functian-Thenealddstermisnatiecably tatriz2d2ut uBingahe tahgorbandei atghe

det erm nati on, of hydrugl%ep peroxide in the out pEt fl{g)%ma reactor for the
epoxi dat RATRSOIPEHIA %,thﬁﬁltﬁﬁ’k)ﬁ?ré’f‘9§°’é’§’le&é’§@ PHYOIM M exampl e 1, figure 1
was sconstructed. This conprised the follow ng conponents: 15 - netering

system (ADI 2015 from Metrohm) with control unit and nmeasurenent cell,
W/ VIS di ode array spectroneter (MCS521 from Zeiss), - conputer

(spectr ter. gontrol, evaluation, data transfer to PCS), - optical
i mer si (fromHellma). 20 The actual neasurenent was carried out
according to the sequence described below. 1. enptying of the neasurenent
cell (reaction vessel), 2. filling of the nmeasurenent cell wth sol vent
(e.g. walegugnge' dfl saeris"fipr the photometric on-line determination of H,O;
0
For the on-line determination of hydrogen peroxide in the output from a reactor for the
epoxidation of propylene, an apparatus as described in example 1, figure 1 was
constructed. This comprised the following components:
15 - metering system (ADI 2015 from Metrohm) with control unit and measurement
cell,
- UV/VIS diode array spectrometer (MCS521 from Zeiss),
- computer (spectrometer control, evaluation, data transfer to PCS),
- optical immersion probe (from Hellma).
20
The actual measurement was carried out according to the sequence described below:
1. emptying of the measurement cell (reaction vessel),
2 filling of the measurement cell with solvent (e.g. water) (“blank™),
3 trigger signal to UV/VIS process spectrometer for recording the
25 4. reference spectrum by means of the transmission probe,
5 measurement cell emptied by means of suction,
6 sample (typically 0.5-5 ml, depending on H;O, concentration) transferred
(sample drawn by suction via a capillary line from the sampling point and metered
into the measurement cell),
30 7. reagent, viz. titanyl sulfate solution containing about 5% by weight of Ti (typically

0.5-5 ml), depending on H,O, concentration, is metered into the measurement cell,



3. trigger signal to W/ VIS process spectroneter for recording the 25 4.
reference spectrum by neans of the transm ssion probe, 5. neasurenent cell
enptied by means of suction, 6. sanple (typically 0.5-5 nl, dependj. pﬁﬁg}r 2005
H202 concentrati on) transferred (sanpl e drawn by suction via a capr ary
line fromthe sanpling point and netered into the neasurenent cell), 30 7.
reagent, viz. titanyl sulfate soluti OQ@@O‘M ai ni ng about 5% by wei ght of Ti
(typically 0.5-5 nm), depending on H2 concentration, is nmetered into the
measurenent cell, 2 AUGJUST 2005 -20 8. pause (a few seconds at room

t enper at 8re) pausal(h few keromdts aorvont tenfyerititeq ny bllge fopmmaticnafpheKtang! pgokat i on
made up to a specific volunme (typically 25-500 in]) with solvent (e.qg.
water), 5 10. C?)‘&H@é 11. trigger signal to spectroneter for recording the

WI'VI S agsor pl 410005 B, t9Ta & & SRR tyBRh %Ytﬂ'étﬁ{v ?f‘(e rogram
? tggnthe bfé P'gtro %Sn «% 0

on the conputer ca concent absor anc

13. transm ssivaterpf the H202 concentration fromthe corrputer to the process
control _system of the synthesis plant, 14, enptying of the nmeasurenent
cel,5 1510+ nE"i“W@ of the measurement cell with solvent. After a defined

del ay ti e, P%?&gﬁﬂcﬂs SEE@fotrﬁet@lf fo ??%o%m%ttmfv I§g%%g%c egtra- &f the .

epoxi dation o ene means o drogen per oxi rried out in a
t ube react or reabtiarhsdietiorg di aneter of 45 mMmand a length of 2 in, was
provi dedlél\.li ' he\?algaa%lnl S %gram on the computer calculates the H,O, concentration from the
absorbance,
0 13. ransmission of the H,O, concentration from the computer to the process control
system of the synthesis plant,
14.  emptying of the measurement cell,
15. rinsing of the measurement cell with solvent.
After a defined delay time, the sequence starts afresh at item 1.

15

Example 3

The epoxidation of propylene by means of hydrogen peroxide was carried out in a tube
reactor which had a diameter of 45 mm and a length of 2 m, was provided with a cooling
20  jacket and was charged with about 620 g of a fresh epoxidation catalyst (titanium silicalite
TS-1 in the form of extrudates having a diameter of 1.5 mm). The amounts of the

individual starting materials used were as follows:

Methanol: 1834 g/h
Hydrogen peroxide (40% in water): 332 g/h
25  Propene: 244 g/h

K,HPO, solution (1.25% by weight in water): 4 g/h

The individual starting materials were combined under superatmospheric pressure (about
20 bar) upstream of the reactor and then passed through the reactor. The temperature of the

30  cooling medium in the jacket was about 30°C at the beginning of the experiment. When the



20 jacket and was charged with about 620 g of a fresh epoxidation catal yst
(titaniumsilicalite TS-1 in the formof extrudates having a dianeter of 1.5
nm) . The anmounts of the individual starting materials used were a

Met hanol : 1834 g/h Hydrogen peroxide (40%in water): 332 g/h 2? Pﬁo%;ﬁnéefmﬁoos
244 g/h K2HPO4 solution (1.25% by weight in water): 4 g/h The individual
starting materials were conbi ned under super at nospheric pressure (about 20
bar) upstream of the reactor and then passed through the reactor. The
tenperature of the 30 cooling nmediumin the jacket was about 30C at the

begi nni ngowfersibe begauetoi deerease, Vﬁetemﬁceatﬁreﬁchﬂblswdlﬁ%medmm wos adjustedmo blegan t o

decrease, the tenperature of the cool &u usted so .t hat
Comst ant BCORTENSRBROSION 4D SR SER A SN ToeACHERICR B0 8P eI BITCas
determ ngd oR)n® Qi’e{e'rﬂﬁlaﬁ%heémﬂaaﬁjld}e%&{ n‘SERﬁK%y | Q&e'augﬁf RIrHl8né '}eﬁctf'@r Qut put

fromthe feactor, as described in e and 2 An addi tional sanple
was t akedesmibed peexadglesahdndial yzed off-1ine by the titanyl sulfate nethod
to provide a conparison. The conparison of the results of the on-line and
off-l§5ne determ nations during the experinment over virtually 800 hours is
shown in figure 3. 10 Fig. 3 shows a conparison of the hydrogen peroxide

content ofy §d¥ei E&H’l?lfer@ﬁ {aR€n LRACHA d‘“ﬁﬁ on a@fz‘éd'd}f thﬂ@ bR RSy ShIBd (]Eﬂ ned

by the on-line and off-1line methods. I'he is indicate
Fig. 3 bynetlahn® mbvide lai coepparieos. €T hem"omgfaﬁ}sbn o€ theeteldts ofsthe rmdrlua:tmd dffrline

ci rcul ar ,measur ene i 15 The nt . bet ween n-1ine and
of £ <11 ne SEERRITAAAYS5HE 1B SEAFeimy POgoRTUBLY B AOVTe SN 1AdHBR A at es. ¢ he
quality of the nmeasurenent. A purely off-I ine determnation would not be

suffi.cient to achieve the desired continuous adjustnment of the tenperature

or t ?0 keg& BNRORY qrc?)ﬁl%rﬁn&% 8f(fhg%yﬁpdk%ﬁ %}&pdecc%}ﬁéxﬁ%tf the output from the reactor

described in the example determined by the on-line and off-line methods. (The on-line
method is indicated in Fig. 3 by means of a line, while the off-line method 1s indicated by

circular measurement points.)

15 The good agreement between the on-line and off-line determinations of the hydrogen
peroxide content demonstrates the quality of the measurement. A purely off-line
determination would not be sufficient to achieve the desired continuous adjustment of the

temperature or to keep the hydrogen peroxide conversion constant.



2 AUGUST 2005 22 Reference nunerals for Fig.1 1 = Line for taking the
sanple 5 2 = Sanpling valve 3 = Measurenent cell 4 = Transm ssion probe 5
= Optic fibers 6 = Trigger signal 10 7 = Spectroneter 8 = Li g?‘ R@@tfserng)os
Signal proportional to the H202 concentration from conputer or data

processi ng systemto process control system 10 = Control commands from
process control systemto the process _45 11 = Propyl ene oxide plant 12 =
Process titrator 13 = Discharge to waste 14 = Solvent 15 = Col or reagent 2
AUGUST 2005 -23 W claim 5 1. A process for controlling a process for the
oxi dation of an al kene, which conprises reacting the alkene wth hydrogen
peroxide in the presence of a catalyst in a synthesis plant, wherein the
hydr ogen ragepehée nitfiefals fr Fiie reaction mxture is determned on-line
during the reaction by neans of a process for the on-line determ nation of
t he hydrogen peroxi de content of a mxture obtained in a chemcal 10
reaction, which conprises at |east the foll ow ng steps:

1 = Line for taking the sample
5 2 = Sampling valve

3 = Measurement cell
4 = Transmission probe
5 = Optic fibers
6 = Trigger signal

10 7 = Spectrometer
8 = Light source
9 = Signal proportional to the H,O, concentration from computer or data

processing system to process control system

10 = Control commands from process control system to the process
15 11 = Propylene oxide plant

12 = Process titrator

13 = Discharge to waste

14 = Solvent

15 = Color reagent



(1) adm xing the m xture conprising hydrogen peroxide with at | east one
reagent which is capable of form ng a substance which can be detected by
optical nmethods on reaction with hydrogen peroxide, so as to fopmAdEssTl005
substance, (2) determining the anmount -2¥- t he substance present by neasuring
its specific absorption in an appropriate wavel ength range, 20 wherein the
on-line determ nation of the hydrogen peroxide content is performed via an
appar at us We dhinconpri ses at | east one sanpling device for taking a sanple
fromthe reaction mxture fornmed in the course of the synthesis, at |east
one apparatus for sanple preparation, at |east one instrunment which is
capable of determning the specific absorption of the sanple in a suitable
wavel engt h range, 25 and at | east one conponent which is connected to the
equi pnent itens described and is capable of performng the control function

for the ipdivi A%ﬁbc&g%m&blhﬂgta%fécés@ f@x&hé@xﬁi@ﬁéx@bﬂa{ glkbhe iwhi@Pedmprises, and

wherein for process cont t he ,synt hesi s , the dat det er mi ned by
the appar at us'56¥ng ¢ 8 eP‘F ﬁ’é‘t}ﬂé’ﬁ’@ﬁﬁ%é’tﬁf% P(ﬁjé’?\cepg Btﬁéy%{r’é‘ a
eval uated by Sthtesanglant wiierdie alsd hmegdﬁpaomﬁecbeﬁ&nngf thei ﬂeaamrmosttm 1tso
t hi s apparatus ,and €9 verted.into contr oQmmands f.or _proc ant r

the synthesis 8%5 ‘2 nﬁlﬂee SP%I&%.% yéac@f’% g 8Ifaa| R\P ©s %rr ‘0N ﬁge

| east one reagéﬂbrmmaucm eftthe ydiogempé¢rogidg rcomqenmfrvsmssttumg)bin‘inenhhal chepifical
transifion gr o%g%&y“t,}gcﬂ %n%rlstep ¢ o5 L di‘oﬁo §{§m‘{%lgl e of the Elenents. 24 2

AUGUST 2005 3 rocess as clai rre wherein the at | east one
reagent is selected fromthe group conS| stl ng of titanium, cobalt-,

chrom um, zirceni URimixad Thd Rixturd %ﬂ{f}rfémg’ h{]ﬁrggéd“ﬁércﬁ{'f& with at least one
tantal um cont ai ni'ng corrpounds 5 4, process _as claimed in any of clains

| to 3, wherein thel8geHaxlich éﬁw@anaelag‘éfnfpmwrﬁpwbé@cwh&k@ndgﬁe fraedby

peroxi dase. 5. The ppeeeIhetASdsChiiremeoh nwidinhydfogeh Per@xide,t 4s toMiemeithist he

det er ll“rg nati on of thsubstance

(2) determining the amount of the substance present by measuring its specific

absorption in an appropriate wavelength range,

20 wherein the on-line determination of the hydrogen peroxide content is performed
via an apparatus which comprises at least one sampling device for taking a sample
from the reaction mixture formed in the course of the synthesis, at least one
apparatus for sample preparation, at least one instrument which is capable of
determining the specific absorption of the sample in a suitable wavelength range,

25 and at least one component which is connected to the equipment items described
and is capable of performing the control function for the individual equipment
items so as to coordinate their operation,
and wherein for process control of the synthesis plant, the data determined by the
apparatus for the on-line determination of hydrogen peroxide are evaluated by

30 means of at least one data processing unit connected to this apparatus and

converted into control commands for process control of the synthesis plant.

2. The process as claimed in claim 1, wherein the at least one reagent is selected
_ from the group consisting of metals of transition groups IV to IX of the Periodic
35 Table of the Elements.



amount of the substance present is carried out by neasuring its specific
absorption 10 and/or fluorescence in the U/ VIS region of the spectrum 6.
The process as clained in any of clains | to 5, wherein the catsl "
zeolite catalyst. 15 7. The process a%-clainmed in claim®6, V\he?eﬁlﬁ?ggiazoos
zeolite catalyst is a titanium silicalite having an MFl structure. 8. The
process as clainmed in any of clains 1 to 7, wherein propene is reacted with
hydr ogen per oxi i j 0 i gn i . ce .0 i i

ol car it 20 B PRsSS ARRrG ObHh 3 sl P EEREN e oo, b0t
process as cl ai frenh the geawp consisling efstitaniug-geobakie chiomiviie, 7iegoiunon hafgiwes ri ed
out in a pluralifyipf- FRBRLY SadalhBecdYARRgRBnPeLA de content is
deternmined by neans of a process as defined rn any of claims 1 to 5 in at
| east one reactor, 25 preferably all reactors. 10. The process as cl ai med
i n anys of 4cl ai Mghd pidee asWghRIdNnf8Y FCRERSS ©ONtWIreiafthé BEleastydHehesdent

pl ant, the data determ ned g%, th‘i ag aifgtus for the on-line determ nation
of hydrogen per 6XPHECAACEIVEALLE P &X Shs of at |east one data processing
unit 30 connected to this apparatus and converted into control comrands for
process ontrok, of the synt.hesi. | ant, . whi.ch control .co nds_.are en
Prosed on ro.  ndhe BB RRERGT Y 37t 4" Sciel LrROTRRR R e
process contr ol amysitefthcssubstoncrgutedt {seatriel @it bl esssuransitdsteaifisrabsaptomg

uni t. ;35 and/or fluorescence in the UV/VIS region of the spectrum.

6. The process as claimed in any of claims 1 to 5, wherein the catalyst is a zeolite
catalyst.
15 7. The process as claimed in claim 6, wherein the zeolite catalyst is a titanium

silicalite having an MFI structure.

8. The process as claimed in any of claims 1 to 7, wherein propene is reacted with
hydrogen peroxide in methanolic solution in the presence of a titanium silicalite

20 having an MFI structure to form propylene oxide.

9. The process as claimed in any of claims 1 to 8, wherein the reaction is carried out
in a plurality of reactors and the hydrogen peroxide content is determined by
means of a process as defined in any of claims 1 to 5 in at least one reactor,

25 preferably all reactors.

10. The process as claimed in any of claims 1 to 9, wherein for process control of the
synthesis plant, the data determined by the apparatus for the on-line determination
of hydrogen peroxide are evaluated by means of at least one data processing unit

30 connected to this apparatus and converted into control commands for process
control of the synthesis plant, which control commands are then passed on to the
process control system of the synthesis plant, which process control system is

connected to the at Jeast one data processing unit.

35



