;e3ePPXt 6Tn| Z O Z. 0050/52154 AS ORI G NALLY FILED 5 Process for the

onI i ne deterym nation of hydrogen peroxide The present i nventlﬁr% (?0%@}1?? to
an on-line nmethod of deter nini ng the hydrogen peroxide content ¢ n xture
obtained in a chem cal reaction and also to a process for the oxidation 10
of an al kene by neans of hydrogen peroxijde in the presence

catalyst into which this nethod is integrated. The conversi ﬂmm‘m”mmmm mmmg
materials in chem cal synthesis is generally determ ned fromt Jisos
concent r A ORIGINAY EFELFPDuti on or the product m xture fromth
synthesis. Ib Partrcularly rn the case of reactions carried out
continuously, it is often desirable to keep the conversion of one or nore
starting materials within narrow limts. To achieve this, it is necessary
to take i i i

during the synthesis process and to det erm' ne the concentrati on of the
respegtive startinGpgRlaihfind dhiindRiortARRLES of hidtdsn pesbilue|
concentration of the starting rraterla n in epr uct 0O mxture
deviates fromthe optimum prescri bed val ue it is possible, for exanple, to

readj ust t+he—addi-t+en—of—the—starti-ng—ratertals—er—to—rpditythereaetion

conditions (e.g. tenperature or pH) to bring the conversion back to the

desi r ed Vﬂ{eulﬁese%t mwehh&v lrélatley to Hﬂ?%hll%tm&ﬁé@ of %ct‘éﬁhﬂﬁ"ﬁ %yrgfrag(ggeh%m&é ng

hydr ogen peroxi de. To determ ne the concentration h en ‘per oxi de
inam xtmn@nbbf anmadrq obtained sma cldmicalacadtion, andwtep taraapryctdss &ir thevhidddorar e

| bl e t Ki |l th t
per ovide RS Ahsha by sretn bGP RercpEAE It Poargenint oM PrB FuaPHek: ng
advant agenRimdthsd R%htdprtddd and reduci ng properties. 30 For exanple,

hydr ogen peroxi de can be detected qualitatively by neans of the reaction
wth a titani um(l\/) oxi de sulfate solution. An intensive yellow col or

L1t ant o0 SPR o R materthdp RN SR tihork ™ BEPREDRESI” e

reaction théit Rop@neason i dhe bymhaiesslatiod optheaprbdded mixufeufrbi the attdsiswhi ch
results in the reaction solution becomng blue. 5 On the other hand

quant !t atBapticulesiieimihg sasoat reactionsyqagied,put, contipuushht is,oftep desiiphle &9 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

HITHT
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oxinmetric titration with potassi um pernmanganate, sodi um i odi de or
ceriun(lV) . .sulfate, as is well known to a person skilled in t(]fggrﬂzag(ks 154
Difficulties in the analysis of hydrogen peroxide can arise fro ¥
presence of organic 10 hydroperoxides, for exanpl e hydroperoxypropanols, in
the anal ysis solution, since these alsopreact with Kvh04 , Nal and
cerium(l1V) sulfate. The determ nation o% hydr ogen peroxide is |ikew se

probl emati cal when the amobunt to be determined is very low, i.e. generally
bel ow 1 %f bhe wiorghtion 1f A titaniumgEV)p petsixgneeoplex.s Another t quali ‘ti>v5umet%pd ohi ch
t he concentration, of hydrogen per.oxi is to be.deterpmned.is. ver onpl ex
1 nat ur delerien RinEreation RAR bR Ol ol el e Huplic et i
det er m negkufk & He@SMfibn isBlutibe bacurhing bfuesol ut i on. Exanpl es which may be
mentioned are further unreacted starting materials and by-products forned
in 20 addition to the main product. Thus, a determ nation of hydrogen
peroxide A LSy SO UL I a_|. centrat| f Jhydroge
per ox:sde %‘?}@%&lgpgéﬁ%l §H%fgﬁ8€gg%§hﬂrlgﬁ%é§;g%r§@9nog{ﬂ, {?Z égg‘ﬁl |eé(§)golg'f> Qr%i (?fect |y
by means ogfmétriasitracior With potadsias pefharnpahatapsdiyhiiodide betemah(IV) sokfate, as

em ssion, 25 for exanple flugrescence or phosphorescence. Furthernore,
measur enghyelbknowe o, pereon sigHed i e @ftogen peroxi de in the near infrared
region, e.g. FT-NIR spectroscopy in the range from4631 to 5140 cm1, fails
for the above reasons and also due to interference by water and organic
hydr oper @iffebatties3 theahdigsiswf dyydrees (peeorédd caf atiseefrainsthe resenceodf brgadnmgen
peroxide in the ujtraviolet regjon, e. g. asurenent of the UV, absorption
at 289 opy’é@ﬁe‘ﬁ’ﬁf‘ieﬁ’s %&xﬁ@ﬁleehl?‘kPP‘irﬂ’éyﬂfgW‘gkg% én the .Y%S@Pmﬁ“"%‘ge&

det er i Natdh08ncPlvitieVE@NS Nl bad bfurdTyhyslragen peroxi de only in

wat er / met hanol solutions. If organic hydrogen peroxides are present in the
synthesis solution, reliable analysis of hydrogen peroxide by this nethod
is no | opger, possi bl e. Ln contrast,. | orinmetric nethads are well suited
to the saredeRoaalplofRvdPesh Bertils dBeRisaronrhele \OpR FEErtSu i ons
havi ng adeefiined idvdry Iew sl generaly B8owNYs Bgeigher oxi de content. In these
nmet hods, the sanple to be analyzed is reacted with a suitable reagent to

f orml& substance whi ch absorbs or fluoresces in the W/ VIS region of the
spectrum,a t  ned, . , r iy i of
hydrogenAbggg%?SQ%Egﬁ%E%mﬂgﬁg§%%p§%nﬁégﬁg%§J@?ﬁgnggfg&?:gggaffgng?éégmon

t he oxi dptioniteo té bt doromihed if very engigt & harmep:.€.rwhdrafurtheohiisjanbys dpas

hydr ogen peroxide to be determ ned. This reaction is catalyzed hy a

per oxi dad®n thegubpiancectohs deterpuned, arg puesent, inthe janalygis gglutipn ) Exampley whiche g

No. 9003533 08 meiBnély Grd PR dhedcfed® kkgﬁﬁ%“ﬁl?{ek—iﬁlsd%@%glgﬂ&ﬂmts formed in
photonetrically, e.g. at 596 nmin the case of |euco-crystal violet. This
met had i sddipenitd the chan piodiicbgen per oxi de. Only hydr oper oxi des whi ch

| i berate hydrogen peroxide extrenely easily in solution |lead to
interferences. This nethod is described in detail in H U Bergneyer,

" Met hodemhdgr aeasiiBinkes st AYdoge® perodtld @dis{mmtBesis dlutiond . hd¥ing2 290 16k .
Verl ag Chemi e, Winheim/( 1974).
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



20 The "titaniumsul fate nethod" is also suitable for the quantitative
colorimetric determ nation of hydrogen peroxide in the presen&g G5o/8418aNni ©
hydr oper oxi des. This deternination is adversely affected only

hydr oper oxi des which tend to |iberate hydrogen peroxide in an acidic nmedium
(e.g. hem peracetals). This nethod is based on the 25 yellow titanyl peroxo
conplex forned by the reaction of hydrogen peroxi de present with a

titaniunm(]V) reagent (for exanple titanyl sulf titaniu | ori de or
pot assi urdefernEA &éneaqoefemq%@nﬂfthdﬂsﬂg%eﬁw as%rwawy r%haélp} %fﬁ@nons

absorpti h t H‘aﬁ’% be
carried gﬂto%@gg&?g in ({Qﬁea?é[ #)t%eesglfgt flﬂlrtzle %Hegi\z;g%) igm| Eélab{:ée i B
Vej del ek,hydfdzyedlpuumd;bdjy thmaired is mrloagerqoasiblee or gani scher 3o Ver bi ndungen

", Volume 1, p. 92ff., Verlag Chem e, Winheim( 1974) or in G M
Ei senberg. Ind. Eng. Chem, Anal. Ed. ( 1943) 15, 327, and the literature

ref er gncag cehirRE oR{idthe metlgdg arOQelseitd b théseléltive r&i@feﬂﬂﬂxahﬁn oﬁﬁ%&bgéh
described in the articie by C. B. Allsopp in "Analyst" (

sui tabl e phm1¢betm$mhesrsg50hymne@ewng@r enptmplex inatuge grd/or acwwdrydumn rmetaxade

range down to t rdc met i c netho

Cui Cabl o CPeRt 8 esf anstnd. Bl s B DR S bl b cufiable S4B Foo
“cobal t ek @gﬁﬂstﬁﬁdebﬂﬂﬁhfabﬁ&%b@ﬂ fluotedt&s inSth®ASEVIS rreglbﬁ ofeRe€ kpeRbruff and
hydr ogen peroxide with Co(ll) ions to forma colored cobalt peroxo conpl ex.

Thi s has can {hasypegietesminedbs or ption at about 260 nm A precise description of
this pethod to may be found in the literature known to those skilled in the
art, Tor exanple in Masschelen, W "Spectrophotonetric Determ nation of

Resi dual Hdy¢xample, e d«ﬂedmnanmatoémyaﬂ@em)mﬁ@&bydhks‘cnzymaﬂiﬁ méchgdaism]g977
The sensitivity of this nethod is very hig so that, for exanp dr ogen
per oxi de pwx&ﬁse ehthased om theppxidaiinn ofo'c1 lwccp S}ﬁ e e}baénmeﬂ%pecaystwwlee Yai n

conpoundgpd g h%?ﬁéggmeedet&ﬁnﬁ)éﬁ' AhROKGLFor? fsct%jl![&g)[{%ﬁ W‘a Ip8Lbx g(f 5(? g,y |O ?‘ ne

by hydrogen acetone, which has a at”™ a“wav

(err)c 3$ﬁrsar@dlsihl ;:em)a&amrtype H, E€iNo.rlebi.bfl (&SdreghNe. 9003e99-@). 'he rlyt iermed
hydr o eroxi de determ.nati This . is a particul ar robI emat very |ow
Concadt b PumeaArrestune, DR mEieay i Byl 5461 FiitBr e 68 Touss el
carrying ik THEMEBSE i QRasificifBF hfardpdl Ferbkife CBhaydRIpeRIxided vAhikE NBerdlie

means of hydrogen peroxide in the presence of a Zeolite catalyst, an
opt i mum Yiydtoges tpsadxdddh extremieky easilybint scdtltumhéeasiatce mtewferen@lsl Aise methodr i of

t he react has. b To_ achi thls i S _necessar itor
the hydr deaniesaris feidt BBl Peraieyb. fiFgih der SreliaPEior Haline R4

met hod whasRneEVAL. ﬂplpnnmnﬁnvmagomrﬁﬂtwhmﬁmml cally can also be
carried out by neans of automated analytical instrunents. Their use in a

-synt #8si s process has hit herto frequently been separated fromthe data
D e e SHBL BRSPS ELER  iRse Skl
"of f - | I neletepnnalayibn ocfl hychbgmd@emaﬁ: i tire pregeficer ofl efrgania rhlydg)phmtldmgeﬂ“hls
per ox1 o L SNDles)o. RLoctesGR diLg RPeralion ke he, dsadiaiage (hat
concent r i liRipeR PerokitR il ARGRRAE e & g1 R Mifdraddbfs)S Yhistethsd qu{bgéd bR O
25  yellow titanyl peroxo complex formed by the reaction of hydrogen peroxide present with a
titanium(I'V) reagent (for example titanyl sulfate, titanium(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 Kaka¢, 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.



Due to this tinme delay, the synthesis conditions cannot be adapted to the
changed hydrogen peroxide content sufficiently quickly. Thush)%Qﬁﬂﬁ%ﬂ&pesis
does not proceed optinmally for this time until the adjustnment Ts nade.
During this tinme, increased formati on of byproducts, for exanple, can
occur. These in turn reduce the yield of_the actual product and to nake its
wor k-up nore difficult. For the reasons nentioned, it has hitherto been
virtually inpossible to inprove the econom c efficiency of synthesis
processes, for exanple the oxidation of alkenes by neans of hydrogen

per oxi de .h r.esen St WLt esp 0. th i el urity
of 15 tnd 1y bisthoR IS55 65 AhssPRE M 0t byt S BERTodeEin SFhelinF, S17 o8

Fur t her n37e, sutapldoadidtyrmininglisydesea pefoxidesinta vegy et esrcehBatiusclangsddwaltogen
peroxi de which tend to undergo exotherm c deconposition reactions, safety
consi der 30 dhs nmake it undesirable to allow their concentration in the
synthgsis m xture to remain uncontrolled for 20 any length of tinme.

Unr eact ed hydrogen peroxide which is thus present in the output fromthe
synt hesi A dtiird taadnietricumstiod whithiad likewsise guitabds faxthé gelevtiveddetenmpinstidn ofh

reactionsg, .for exanple.in the subsequent rk-up of the product. It uld
{hor ef or SYBOREABRDANE dtidhe SEpRAlt BPPERh Aronel wedot arBl B D iR
react | Ongeacéisn Iof h@lﬁfggleﬁ Petoxite WRA Rehs Q6 o ah%ﬁfr&gg&%teéé?&@?omplcx.

concentration aval e so as to be able to avoid accunul on of hydrogen

per oxi de Tthis basaz veqyt sitsing dbisoription at ebeut2600ms. Adiredisec descdptiep o thisimethaslaf et y
risk. In the case.of .an. oxidation jn.,a continuous reactor, .it is inoportant
o mifi ¢ SPv treropad iR thtorE e Lot Kl MRAS kO Svonls &y AfgociRh,
hydr ogen wergyédRphbronic tDeBrnanatidrO of SRaidual WHdvoferP 'FRe6%igs Y Wagkr | ddd t S
by means of alterations to the reaction conditions (e.g. O Z. 0050/ 52154
-6 t enpersgwarage Werksrp- Sodnewst 4975t arting material ). This, too, coul d be
achi eved by neans of an appropriate on-line determ nation. An on-line
determ nati on of the hydrogen peroxide content would be of particularly
great 5 iTHpodehsitiory Wiethis hetld thatérgnhigkass itha, ifer exdnipledhpdibgeropeioxideus! y
in the presence of a catal yst whose catal ytic activity is not constant

(e. g.15 pecansatrgtionseal: abaui1 (-G PBM £k be detficieds put eertaip romporads, fsmede f9mhed
val ue for I eSi : i i i bt
absol ut eI%‘%@g égszﬂg? yl%!fd glr%t g%%é@ﬁ%%%@?ﬁ%ﬂ?%@%@ Iiecr)(?\)??% l(Jeé$'| a;(/: ""S’Hf’ust ed
t 0 conperngdtte hdon cutvdf ahangivelpngel of ¥id 83@atr)vdldoyabsbib id this regiow pé chusof
the present invention to provide an on-line nmethod of determ ning the

hydr ogen 1ererei indhe Bydregen psraxide detseminatipn, Thip és @ partighlap problem jaf ¥erydowy
means of cBM&rnﬁgﬁéthﬁrhg/Eé%%x&?Q&Qid@'ﬂf%oﬁ&l@O@WQﬂm@.' ntegrated, so as to

enabl e t he abovenenti sadvantages to avol ded. 15 We have found
t hat 2Bhi s object is achieved by an on-line nmethod of determning the

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



hydr ogen peroxi de content of a m xture obtained in a chem cal reaction,

whi ch nethod conprises at |east the follow ng steps: 20 ( 1) f\%ﬁidf%?ﬁlthe
m xture conprising hydrogen peroxide with at |east one reagerﬂ' wnich'1s
capabl e of form ng a substance which can be detected by optical nethods on
reaction with hydrogen peroxide, so as.40 formthis substance, 25 (2)
determ ning the anobunt of the substance present by neasuring its specific
absorption in an appropriate wavel ength range, and by a process for the

oxi dat i odhef off-leseanabytiGeh apetheds |sedr bighastoy Earodeterainingt hydrpgens perexidef ing
catal yst _j . W I §,0et (S nr.egr.af. t he
pr esent ?*{{\Efé%%%k&%sﬁg @gr &Bé’:gqt*o?lniéw e%r %%d%aﬁ%ﬁggbatt {l}‘gr"ﬁ%?%‘g‘?\ (%Eaa oxi de
cont ent " betweenhs Sizseralihativat bp dse hpdrogep Pesdxide eondenahitian @and uhé aldcesshgr t he
O. Z. 0050152154 fgtgltgerrri nati on_ of hydrogen peroxide and which are directly
connect edditgment pthe sYRhesiysAditittScessing unit so that it is possible to
make adjustnments to a synthesis process in order to regulate it. A
preferred apparatus for the "on-line determ nation of the hydrogen peroxide
cont ent " Dus tol dis timeektlayn thoByathisi® torddidors cannctrbevalaptet 10 thei dhadgda/hydnegen
applicant of.this 5 inyention..The gxpression "directly" enc asses .al |
ways knoRFroRisie FoptaRL sHETICIanly divigkly. TS, e symthests does mof peecrorhaPHIRALL fofe
connect eghi§ ¢inid uhBP e ABRsHRNA P RERS Ihitthgl His -tinld)i Mcfe@¥ACEIrhfafof &F: by-Or
exanpl e, be via further "equi prent itenms known to a person skilled inthe
art. 1 opimduste, for éxample, cameccur.abhsise in tun redyee vhe yield efitbe iaftpal produetaandf or m
or tg otherwise nodul ate the signals produced by the anal ytical apparatus.
Furtﬁ%r ?I‘Wé’ﬁk’ggﬁmdsdb‘@ﬁ%@ct ed both with one another and with the

anal ytical apparatus and with the data processing unit or units via
comerci al cable connections, infrared interfaces or simlar neans of

t r ansni t Fphdhesireasanss meptioped, t 1 chasehitheatoo beqm yirgially eimpassiblentq dmpravigethe
apparatu . - | i ) ion. 0 . i i at
onct -ong it iRl of Syl R BoPBkle P tealt TR ARGR L MRAXTY B,
formed i of hidrogaupaexidt ih hike presérivesifS, capdlystomish respectap phe giclds add purstgngdl e
preparation and at Iea,st,onﬁ 'iln%trument i\ghi ch is capable of determ ning the
specifi ct@@r%@?&%ﬁm@wt%n&t © NEYRBPLPEIAXIJC CONGERPRABOR v el engt h range. The
apparatus in question conprises at |east one conponent which is connected
to the equipnment itens described and is capable of performng the control

f unct i onFhighertroee,iespioialjuinl the gaseprfestarting ematersads sichtas hydorgen petaxiddwhich
operation. .25 For, process cantrol of .t.he synthesis_plant, .the data .

det er mi nadp{P (RdelER ErOIBerans (JeCoMPORHPR EACHRRS, \TRIREY | ORSideraigRs gy it

per oxi deyad&iraMa e aled their ERBStrfondh theedhthel8RAnHAIrS tPFRERS Shéttrdlled for
connected to this apparatus and converted into control commands for process

cont 2®| any lengthsginitnestnrepsted hydrppen peregiderwiticl smtras presentin theopntpet fsomsed

east ong eupgeds ROt Talkalofs figR « pipkleSebp R bbby &'
used in tkangle & tetsubighest wakiupi ofele plodhetast the products formed in the

reaction under consideration here, internedi ates, by-products and starting
materials, e.g. hydrogen peroxide. 5 Chem cal reactions which produce the

m xture gnyhih bRt 095y MBS IEspefiall) if?he 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.



determned with the aid of the nethod of the present invention can be all
chem cal reacti:ons known to those skilled in the art in whi chO?y&gg&%qgh
peroxide is, for exanple, used as starting naterial or can be Torned as
by-product or intermediate. 1 o To be able to determ ne the hydrogen

per oxi de content by neans of the methodgof the present invention, the

m xture obtained is firstly adm xed with at | east one reagent which reacts
wi th hydrogen peroxide to forma substance which can be detected by optical

met hods. terBperatiEe pHsomramewys ehstartipe spaterial). ihds, tep, spulddiepcbiexed by siAgnt Pk
known toaHigﬁl%lpﬁgeldn- é téxﬂﬂnﬁh&ll.for this purpose. They can be used either
a or I'na

i ndi vi du mxture w one anot her or together with further
conmpounds. Further conpounds can, for exanple, conprise stabilizing or
solubilizing additives. 20 I.n general, the formation of the substance

g .
i nvol ves Abaa-ding detsrmingtion of thenhydipgan prierigde santgt wwldde: of RasticHlarly. sl ex
or a go i C b f i 3 re,. the
concerglt HE@P%&%%E ‘tg en %b@%ﬂ%@%ﬁ% %S t ﬁe ﬁ@d?dé‘glé‘lﬁ&'ggé g@?‘%(e)g%g%ﬁn(? acan
be det er ratabdt Iwhose nqagad ytioactiwityh ia neticoakthet &.gntesadse 25 deactivatingeof ther

reagents -is/ar referably selected frgmth r.o consi sting of petals of
traner t 1 s Te Bifers 1 R pipsciined ol torfe Fesnd ndFuekE Percaihatens iotis
reagent Qhgsel @@Q?&Us&_u'te‘l{r Eh'éé‘es%}?efop R darhiby cORdifGALE bé @Bht’irhﬁllgrﬂjk&ted to
consisting of titaniunt, cobalt-, chrom um, zirconium, hafniunt,

vanadi umcompeasiale fior thervhanging shtaltig@chvify. ai ni ng conpounds. O. Z. 0050/ 52154
-9 Fﬁ{) exanpl e, the follow ng reagents can be used for this purpose:
titanfum(lV) conpounds such as titanyl sulfate, cobalt(ll] salts, for

exanpl e goRadn objbdt SFUhE Presedt imveh@dd 1 pRAIdROARbA-linBThothee B Wedétminiag e, f or

exanpl e ammoni um nol ybdat e, vanadium salts such as vanadyl sulfate, etc. 5
The reagdidroger derexigrmconient and ya predess 41 yhe joxidatipn f| alkeresoby daepast¢fi | )

| f . : ' f . [ 290, .th
-eagent &vBBehohbbelsPifibC e SHROHAREL & (AEaBTRE ol TR ped”

pur poses abbveniemtiph&bdisadviantaged tode,avbidedt erm " | euco dye" refers to any dye
whose oxi di zed form has a weaker or stronger or other, e.g. shifted in
termddof the absorption

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



wavel ength, specific absorption in the optical spectrumconpared to its
reduced form 15 Preference is here given to using Ieuco-crysé%looydlg)zllgj
(tris(4-dinethylam nophenyl) nethane), |euco-nalachite green

(bi s(4-di nmet hyl am nophenyl ) phenyl net hane), o-di ani si di ne and acri di ni um
salts, e.g. 10-nethyl-a-(p-fornyl phenyljacridinium carboxyl ates and
purpurogallin. 20 Particular preference is given to using |euco-crystal
violet (tris(4-dinethylam nophenyl) methane) or purpurogallin. In the

r eact i on defermimitionyofi hydrogrn geroxidehandrehick spedirectly ¢amnedediyeat kehst dnerdatat i on
of a substance which is detectahl e by optical nethods proceeds via an

ol ect r on HPGERSRE P 8o 3t 8175 B8R S Mk B Sfnenbtioy SaeRRapies It SRE cuco
dye is oxbgdil#gGt. A pihéred fipatdndyfor The it d@EmhiahmBmdf thehydfigen peiskiddren
absorbs at a wavel ength which is specific to it and can thus be detected by
means of coptentals desartgdsin PEri@1t o 194.Aevitiel seastalsn filpd by thexapplicant ofethiso dye
and tgys ilt]r%tiﬁﬁncentrati on of hydrogen peroxi de can be determ ned by

conpari sonY a suitable standard. 30 A peroxidase suitable for this

enbodi nent of the present invention is, for exanple, peroxidase type Il
(from horseradi sh), which is comrercially available. O Z. 0050/52154 - 10
Basi cal | yihetaxgressignt direetly opnepmpasses allcvaxsnknown foa ipgeses gkiledeingthe ¢ ino be

det er mi ned,.\w 1.h: [ i 1 '

appr opr | ST B et fmERERETH KEntRBREN 1ER0GREGHE DRELGH W] THE bt |
parti cul gan,fav examgleh be arigdurther| dquigném ifpmsnkagyre te asserddneskitled) &e thad Art.

opti cal t hods kpo to those skilled in the art for the detection of a
subst!8ncd DGtf &K ag[}s ffxample; 1 ggceivey fo3mplilye faWapstorm agto ot FaogAh may

be menti gnedgis PRuGEd By AHEPInE1 VS dfparabld Firtheror, they cdM B8 @iddecid Baian

spectroscopy. It 1s possible to determne either the absorption (or

t ransni ssvitnyne atherefridewith dhe analytieal fapparatis cadcwith Ithe datprprdéeessiagl unit or
enbodi nent. of .the invention . the anpunt of. the .substance present is

det or mi ity Vi SOmPeRGal (Cablep Somiachons,s IS iRtHArS, o) SHREE el 19 ¢ ne
W/ VIS 1 e@h@Ritddy Qfndiie spectrum Instrunments suitable for detection of the
subst ance for the purposes of the present invention are generally

commdbci al spectroneters appropriate for the respective wavel ength range,

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.



preferably spectroneters operating in the UV/ VIS region. 20 The present
invention further provides a process for the oxidation of an K% 521 §¢|ch
conprises reacting the al kene with hydrogen peroxide in the presence o
catal yst, preferably a zeolite catalyst. In this process, the hydrogen
peroxi de content of the reaction mxturg.is determ ned on-line by nmeans of
t he above-descri bed net hod during the reaction. 25 For the purposes of the
present invention, the term"al kene" refers to all conpounds which have at

| east ondh DPTalaUREe Bwddn mxprepsn segiodsenmpprises alieest dhnproduets formedrin the

| east on e g ne [ 52154

7% et hengrcigp AR, Eort i dlrEnd il eI p b BER"ER st dmardiald 8

p|peryleng@nﬁgﬁ@eﬁﬁumhexadlenes hept enes, octenes, diisobutene,

tri net hyl pentene, nonenes, dodecene, tridecene, tetradecene to eicosene,

tripropene and tetrapropene, polybutadienes, polyisobutenes i soprenes,

t er peges i I Y, ,

cyel open o] fuctsk BhRf prothEI nFELEF B MUREREBHIP ARG be,

vi nyl oxi rdatemuneﬂnylthythb odié xafnehe meshod nef, theypﬂemtmmmuonycdmbetaanbbemipal

vi nyl nor bornene, indene, te i ndepe rene,

di cycl opé?ﬁc&an%hgow'a.tw e, (e e BB BHBroRe] ot s for eHumple,

st benewusell phabhp iRt Be \@émed bPBtRuEASJhRRRedikeny! | dene fluori de,

al |yl hawfdes c#o? ' ch orf%% nethae? fﬁchuo??de fchlorobutene al |yl

al cohol , nethallyl alcohol but enol s, 10 but enedi ol s, cycl opent enedi ol s,

pentenol ct en trlde ol s tur at ed ster0|d et ho ne,

P oeBendiost able Rofelstnids e Rerm netBR 3G (oRleRE Py el o 4t g of 6 o,

et hacr y|pk&eﬁt01'ndenti5h0§mtﬁ’&' dhtaif@ RffirstIPalhixedi with ﬁ@léhétcon@%éjgent which

unsaturated fatty acids such as oleic acid, linoleic acid, palmtic acid,

nat ur al | yeastsc withi hflrogans perodidsi 105f0m15a|aubsth@cepwbmélsgambe tdetectady by taptinal

preferen$§nh§kglven to using al kenes containing from2 to 18 carbon atons.

Particularpreference 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 al kene in the process of the present 20

i nverfi o#eeaqn%haw&m? BY@Peity, ared piipcipje aif ewnp%ldalkaow te those skifled duthgone

process V.

per oxi de pr oduceg'?ff%oé,‘%ngYl Q%Iéhrly Is"yg%)e'ltdaellgrtllggm r ch;&én]?yfstu eggléﬁd%gé Rl?cﬁger

catal yti or I‘tysgﬂfth@ewaﬂhl furthef componhdy. almrtheom@nqmnmm can,t forf exampld)ecomprise

correspondi ant hr oqui hgne conpound, subsequent reaction of this with

oxygen t &t abﬁ&*ﬁ g@é‘l‘?‘%?‘hﬂﬁﬁ"@ and subsequent extraction to separate off

t he hydrogen 25 perOX|de formed. The catalysis cycle is closed by a new

hydrogenati on of the anthraqui none conpound whi ch has been formed again in

t he reactlh ganexpl Hleoﬁoy@emn Aﬁtlms@bstm ipfolvbereaation afjtherroagenp mithdwsirogengi ven

N e RISV FBP L ApRE SPEShbhila TR Gh'K el BY'hRT or (PhE 13
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-, hafnivm-, vanadium-, niobium- and tantalum-

30  containing compounds.



O Z. 0050/52154 - 12 It is |likew se conceivable to obtain hydrogen peroxide
by conversion of sulfuric acid into peroxodisulfuric acid by @gqﬁ%&iu54

oxi dation with simultaneous evolution of hydrogen at the cathode.

Hydrol ysis of the peroxodisulfuric acid then | eads via peroxosulfuric acid
to hydrogen peroxide and sulfuric acid,9which is thus recovered. 5 O
course, preparation of hydrogen peroxide fromthe elenents is al so
possi bl e. Before use of hydrogen peroxide in the process of e present

i nvent i ofor F%amelep%s&l@%{%gfrs%e@%%%s usg,for 4hig ffitgﬁwm&bﬁiqogmoands

hydr 0gen sR&f adidfyiseltild, ebdiPubEails! R dxRhpRABAK(IHRRak bricBBa bichiteshKaD! ©
net hods are, |nte¥ alta, nethods as are ngCFIbed, for exanple, 1n WO

98/ 54086 madbdend(¥P) Isdigs, ofor WA aahl® GodiBonibink envlgbdatat varedatim osadts saich ashi ch

i s present id} Hlehydrogen per oxi de sol ution can be renoved fromthe

hydr ogen VBRI SHES &%t i on by means of ion exchange in an apparat us
conprksing at | east one nonacidic ion exchange bed having a cross-section
of streamarea A and a height H such that the height 15 H of the ion
exchange Thededgent used is particelarly gref¢rably titargyl gulfate or cobaltol) sulfatd. ar | ess t han

or equal to 1.5 x Al/2. For the purposes of the present invention, it is in
principle possible to use all nonacidic ion exchange beds conprising cation
exchangens furditrOpreforfidaembodiment of Sthal sr@sed@Siivdiitidon] @he! $&fg6htx of rbgsbntsof
cation and ani on exchangers as ion exchange beds. In a preferred enbodi nent
of the pceBprse(pXa/ eneq dye asha peroridaseype of nonaci dic 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

pr ef er ablFyr ehenpsodes A the ipfssemxighempal theAermearcdsdyeh eefesolol dny dyat @hyst s

whi ch can be used for the purposes of the present invention, 25 there are
no parti Onldiged fosmhiasta weaker prqiopger o ethen ¢.8. shiffrdwin, tepps of ghq abperption

al um nosig.i ' ini ng
i o1 opor SEVGRPER. LT HROPGREh BeTPIE PRINGIRERSHEYE) K FAGATR LR o
such zeolites is made up of Si04 and Al104 tetrahedra which are joined via
shared 3 en .bridges. An overview of known structures | Lven, for
oxamit o, PRAESICI S \BTEr Biven p U8 apesemAal 1og) (ischarihBpingpheny1:
Baer | och@fethand,! asidatoAeRAdnie St préehur e(bTé(@Qﬁﬁlethﬁladﬁﬁﬁélﬂfeny Hbtngﬂhéthé}i&,

London 1996. Zeolites which contain no al um numand in whic e S[(I%O in
t he sili oadianisidinei cand s agiadinium 5 splip| aed BY-nedthylri-(famyiphenyNacridingum| so

known. Thg%extli E g%m zeool iages, in particular those having a crystal
st ruct ur SUSPXYAE p??ﬂ&f; Ha possi bl e ways of preparing them are
descri bed, for exanple, in EP-A 0 311 983 or EP-A 405 978. Apart from

silicon and titanium such materials may further conprise additional

el emdtit s Pattichlag prefeierre imgiven te ysingipuad-¢rystal wiglet (isid-dimethylpminopgenyl)-um
boron or %ﬁ?ﬂ?ﬁ . fluorine. In the zeolite catalysts which are 1 o
preferably reéén ate g%%?hg the process of the present invention, the
titaniumof the zeolite can be partly or conpletely replaced by vanadi um

zirconiu chrom,um gor ni obiumor,.,a m xture of .t or re thereof. The
ol ar 1t 20 G FERCHO A AR G USE H e SFPEEHT & SR G rioamasrb B dm t o
the sum Qfpetinck GMHAR UelellaBl &Wbﬁ{?ﬁl ethbas! ﬁfﬂcH&isaﬁ?éﬂ’ Elegdréri: &ghs‘féP rBRGioR"

chrom um and/or niobiumis generally in the range from0.01:1 to 0.1:1. 15
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.



Titanium zeolites, especially those having a crystal structure of the MFT
type, and possi.bl e ways of preparing them are descri bed, for(§%§&®#§w4in WO
98/ 55228, WD 98/03394, WD 98/03395, EP-A 0 311 983 or EP-A O ,_ whose
rel evant disclosure is fully incorporated by reference into the present
patent application. 20 Titanium zeolitgg.having an MFl structure can, as is
known, be identified by neans of a particular X-ray diffraction pattern and
al so by neans of a lattice vibration band in the infrared region (IR) at
about 960 cm 1 and can thus be distinguished fromalkali metal titanates or
crystal | bQﬁceﬁ[}z‘? RIRIREAYE (dhiar Bﬂf}éaec?iop ot tﬁ@%%!d\g‘én %%Q?&é??o ﬁé dRterhffae
zeolites are trtahium, gernmani um, telluriuny, Vanadi un, chrom um,

ni obi um wahdhe rdspedtive reapent eamberdetected withshbaid ofappraeitasptical aettidde on
structure, in particular the types which can be assigned

X- 1 ay- cr {stbapis of ita ppgcifig aporpsionis a paticulecwavalepgthagmge. AEN, AET, AFG, AFI,
AFN, AFO, AFR AFS, AFT, AFX, AF'Y, AHT, ANA O Z. 0050/52154 - 14 APC,
APD, 'AST, ATN, ATO, ATS, ATT, ATV, AW, AWN BEA, BI K, BOG BPH, BRE, CAN,
CAS, CFI It iCiarprirctile pbisible @irlise 41l 6pticalhetHodPknd)o okt skdHEY inDhe art[BoHhe DON,
EAB, EDI, EMI, EPI, ERlI, ESV . FAU, FER, d S , GO0 HEU, IFR 18V,

| TE, JBVletRgtion QI?&BP"’EEVF ‘5?1@5? aﬁ&i)s in@partieglar wayelengiangez VeI MEL, 5
MVEP, MER, MFI, MFS, MON, MOR, MSO, MIF, MIN, MIT, MITW MAN NAT, NES, NON,
OFF, OSlI, PAR, PAU, PH, RHO RON, RSN, RTE, RTH, RUT, SAQ, SAT, SBE, SBS,
SBT, SFFMegeis with maybe nghtion&Thy wiFRL eXaigple ABNU VI SY/MIETVIS/HR, NWRlland VSV,
WE, WEN, YUG Z strugctures..an m.xed structures. ngde up of .t or

ror elbr RABAL SRR off PSR o dederif St WeCa pRTioR ritBpssint e
titani unegRbdicH oY the faskkédngs, having the 1TQ 10 4, SSzZ-24, TTM 1, UTD 1,
CTT-1 or CIT-5 structure to be used in the process of the present

invention. Further titaniumcontaining zeolites which may be nentioned are
t hose haying_ the ZSM A8 .or Sty ures. F r e t he.
bresent - Iy cREfegd SheRuRent B11de jRldntoh, i amgRh: bEdnf HhBERRE, Ploafll 15
MFT, MELd@érmnithadBy Melélylg itd specifidrabsorprioh @hd/oE Hubres@ns@irgihe IVA[ISatgiosal |y
to the Ti containing zeolite catalysts generally referred to as "TS-1",

"TS- 15 oftthgspectrugnd al so Ti zeolites having a framework structure which is
i sonor phous with (err)zeolite. Accordingly, the present invention also
provi des a process as descri bed above in which the 20 catalyst is a

t i t ani unimstrhments istitatda formigtectien dfSthe sabstarce forthe Phrposesaofrthie prepsenttintdnéion
process, it has surprisingly been found that the on-line determ pnation of
the hy dr S5 EnBRILE FORIMEIBHT SHCTOMEtATs EPRIRRRELE 0F g KSssehit MEVEEBEESanst e
opti mal |§{re?é?£515r@béc%%m&'é}§oﬁéh@ﬁgﬂnﬂﬁé UVYVILS redibh.particular, carried out on
the product mXture 25 fromthe reaction. In a synthesis carried out in a
nunb®r of reactors connected in series, the determnation is preferably
carried t on the produgt m xture fromeither indiyidual, selected.

react or s 11 PSRN v Ram, et Dravidesn PRogkys T b Bidatiolof an Ikeps Vet o
from eacmﬁg@s@h q'eacmg ieealReiid WithOhydioged §RANGAd Ve the désendt OF 4 ditalysrnd

t hus al so of the product can be optim zed. Furthernore, the safety risk
resul t i nprefardly aragohifechatadyst, Incthisprecesprtbe bydrogen pgoxide cpnisaiel thairgactipe f r om
a synt hesi P L > 13 k0 i 154
215" For - Pipgl i B0l fAB by 3B O tEARoREARCER fiffhod dubnEme Rttt
hydrzsgen peroxi de content during the course of the process of the present

i nvention it?%carri ed Otﬁt mai nl.y periodically, preferabl uency in

. y.at a fr
the rangEorthe prpposesof the gresent inyention. e Lerms"glkeoe’s refers do jall Cgrrweﬁnﬁgwhwh

f requencj, al%aét%ﬁe@@%uﬁl&?ﬁﬂdl. to 60 h-1. For exanple, on the basis of the
rel ati onship between the followi ng factors: - the tenperature prevailing in
the reactor, - the conversion of hydrogen peroxide and to - the catalytic

activity of the catalyst used in the reaction, deactivation of the catalyst
used in g)?a?rrl]plgsagfesugl?grggl%c%gr%%gﬂcﬁqlag%g%?Péalstno%glabyd(;ugl%rb%%a 'aré the following

30 alkenes:



the tenperature or adjusting the pH as described in DE 199 36 547.4. The
tenperature increase required for each regulated step is detedgioaﬁj?sz it h
the aid of the 15 determination of the hydrogen peroxi de contént o
respective reactor output carried out at short tine intervals. As a result
of the on-line connection between the_gpparatus for determning the
concentration of hydrogen peroxide and the process control system of the

synt hesis plant, the necessary regulation occurs wthout any significant
tinme del gfaensoprageng. ddndengudritienc frobpisag, chadiencs MERagSy PERFTHEI MICdNeEan be

kept con ' LI e ' IS n has
- posi 11 DERRiopgHeptthts, Ykchis, WSoHik; EuBHRNRFRLE, BORSES Soaddhe, thpccf
case of gtpdevenati toy eidosereaclriprapene narel ttetchprapeaer ipelbutatlienes, opolgisolbsigenea) so
possible, in the 25 context, of the invention, to determ ne the dr ogen

per oxi de ‘St‘:’BY?E‘E%tte‘P?Peéa%‘ﬁmP%'ag‘%lP&o finglil gagtates dRgshlenceyroprgpane, g&%ﬁm G

meanss of c%@@héi@ %ﬁ(ﬁ'ﬁﬁnep W@@ﬁe fne 2P lHﬁééné,oi;inﬁlBEirzﬁﬁ, i K lyclohexene,

determination of the hydrogen péeroxide content. ‘One” or nore a processing
uni ts costysneed cydobtterse agysinoatadeee, t varydnorbarhensontindénec ontetraigdroindene,

correspondi,ng .to the, ) Z.. 0050/ 52154 -16 hydroge er oxi de. cont ent

dot er mi nBUHISIEHARE,  CUSEIRRSHERERD, SRR Y| Y BHOIHENT oS IEI POt aRIsAE or
The procegibers) %&ﬁl@nrmﬁﬁhﬁﬁb,c Hikafnt A, "Bt cArB@HE alinPldene] iR aRyMhgites,
requi red. Accordingly, the present invention also provides a process for

t he oxi derotydehleridenmethaldyl ehlerids, dipldoroppiene@dlyt aceohpl methillylialppbol, butenéls,
which the reaction i.s carrked out i a plurality.of reactors. | hi

b 0cdbs. BikEeRg Bvo P RERAGH. Trhiebilen Bl tridkestolf chidpiiied tctbits,

pr ef er abkghorydtheneatdodtigenoBAAnBiBode u@sdtirard &irbeiBAiOSacids bl B9 \4etylienadid,ne
met hod of determ njng the hydr ogle_n per oxi de content. 1o The process of the
present Mmethasrylis acidg srogunic adihapalgis agid, vinylasetis agidydinsatyeated fay agide such as

CONVer si 81%ic°§c}d3§iﬁ&%ﬁ%cld€hgnﬁtﬁ@&¥& ‘nafar &‘éml?il‘nﬁ@‘&%?d g, Nydrogen peroxide in

met hanol 1'c so ronin preserice of "a titafiumsilicalite having an M
structure. In a particularly preferred enbodi nent of this reaction to form
propyl ene oxi de, propylene 15 is reacted with hydrogen peroxide in the

presence_of nethanol, a basic satjgt and TS-1 as, catalyst in a first reactor

(mai i3 r e B gProgest ofthy ipyeation psigrenceis v to usingclkangks contaiping frpm 2deddre i s
| ect ed | hG i
selecte ﬁﬁBGn ISR, %ﬂ%&%?ipé&éreﬂcevﬁ %i@erﬂo WAL G{: %g%?ﬁ%ﬂ? %gh %ygn@.sea&

during the reaction. nperature 1s sel ecte ogen
per oxi de€ 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 is 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



20 conversion in the output fromthe reactor is from85 to 95% preferably
fromB88 to 93%. Since the catalyst is typically deactivated c{%iog%&z?&
course of the reaction, the tenperature has to be continuously™adj tsted for
t he abovenentioned reasons. In general, the tenperature increase necessary
is from0.2 to 1.5C per day, dependingien the reaction 25 conditions.

O Z. 0050/52154 -17 To determi ne the precise tenperature increase necessary
at a given point in time during the synthesis, the hydrogen peroxide

conver si #nisilikeyisecgarreiseble to oh@in hydragen prrexide by, cogyergies fi aBeiddntos For

exanpl e, t £ . | ' | SEL | on
col umm | HE J\%ﬁ?@ﬁhgﬁcl %cﬁacg@ ﬁ@ﬁ:@%@g@ﬁf@@@@ ta}é\%{ug ﬁego%?g%y%lf g‘ﬁg@%‘ &(taﬁ#eor med
ar e sepacahedt. dfi{drelysis hef tiep perbhedisidfuricnadid thed tleuds via epeackvisuidgriovatid to
propyl ene and, if appropriate, with a basic salt 10 and reacted in a second
react or Pydrogen peaxideand sulfurig peidywhich isthigegoverise r eact or or shaft

reactgr). In the after-reactor, preferably from90 to 95% of the hydrogen
peroxide introduced into it are reacted, since |ower conversions frequently
| eave r eSifduardse,lpyapacgion of bydmegaheperdnidifromrtheeements &f aldopgssiblel ens, whi |l e

hi gher conversions frequently result in a decrease in the selectivity of
the reaction. 15 To control the conversion in the after-reactor,

adj ust mreBefor@ e BRARIros pESAAPif thel SrobdS of Thepreb@RRRRtio, Gt i%r%&sEiﬁle?E'&U nt
of base via the process control systemin accordance wth the ‘hydrogen

per oxi deexamplefor ad commercidly available bydmgemperoxide selutiomta be frédduaftundesinabley t he

exa es. bel . EX | e aratus f.or the on-line ,det.erm pation of .
o o B en ot e P HeodsORR! HhidP Al midlfoS s W° gfRSHBRL ' SRy, in
UV/ VI S- s peotogs408e DEIRMEIID 108t bo W OT92/iH93 8 C DIRUWiSE St 1dast n@Bla®! Whithaizd

control system (e.g. process titrator fromthe "ADI" series from 30
Met r ohm) pre@qmtazattbhgwrl@gsamsmm@e selytiem cay ibagemaved fwnt theohydregen perexide

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 A", 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 SiO4 and AlO; tetrahedra which are joined via shared

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



O Z. 0050/52154 - 18 2. a fiber optic transm ssion probe which dips into
the reaction vessel and is connected via silica optic fibers §.0 3,8 M VIS
spectrometer (preferably a diode array spectronmeter) for recording tI11e
spectra, and also 5 4. a conputer (PC) for evaluating the spectra and

cal cul ating the H202 concentration. 5_(3he H202 concentrations in the
product stream whi ch have been determned in this way can subsequently be
converted by nmeans of a_digitaUanal og converter into a _4-20 mA electric

si gnal wm&lx Qlsory prth 64 B@@&qher a Aty 08 Zeokitg nitrusture \Iypesm Elsevieh dth editiphg t he
plant. te The ematic structure is shown in figure 1. The W/ VIS
spectroneter 1s preferably triggered by the process titrator. In this case,
a transnussi on probe dips into each of the reaction vessels in the process
titrators. If these 15 transm ssion probes are connected via optic fibers
(preferably. made of quartz) to an opt.ical nultichannel mJItiEI exer, one

spect r on@t’-éﬁteﬁ whishrontan go alymingmaagd ip gyhigh, theSidV) yoy the siligate o partly
ecor 8 M BSRAGHOR RSS2 aBb sebgl PLUTAITRASHOREE . AP those
(typi cal hyvifig betystal strudape nfitha MBitypd) and possihid ways afiprepariag tiekeare fdesunibed e

duct st ' ' | i ] id_of t, terj t d
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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.

20
Titanium 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, AF], AFN, AFO, AFR, AFS, AFT, AFX, AFY, AHT, ANA,
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4

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-2”, “TS-3”, and also Ti

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

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

20 catalyst is 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.
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process control system of the synthesis plant, 14. enptying o{)Zt 0/52
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tube reactor which had a dianmeter of 45 mMmmand a length of 2 m was
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O Z. 0050/52154 -21 conversion began to decrease, the tenperature of the
cool ing nedi um was adjusted so that a constant conversion of hydrogen
peroxi de was achi eved. The conversi on was determ ned by on-1line

det er mi ngtogr eRarfple! HethbAsie OF theRelatishship béiwebetheUbRowinkfadctoishe reactor, as
described in exanples | and 2. 5 An additional sanple was taken once per

day and anal yzgdiegf crdtél@?r 'lﬁr{gﬁntthéﬁ'ﬁ?ﬁor,s“' fate nmethod to provide a
conpari son. The corparison of the results of the on-line and off-1line

det erm nati on ing. ' .aver: virtually 800 hours is shown in
figure 3. 1o é?égj%@ggh%n\uifh%g%gﬁ&s%%%ﬁ t he hydrogen peroxi de content of
the output fromthe reactor descrihed in,the exanple determ ned by the
on-1ifle and oftg‘]’:?‘}tﬁé"?‘rﬁ‘fthvda'so?t er??égéﬂﬁ-“ls?q@’ tﬁﬁfcf"f‘ﬁg&?’s indicated in Fig. 3 by
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hydr ogen peroxi de conversion constant.

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
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conpounds. 25 4. A process as clained in any of clains 1 to 3, wherein the

at | east one reagent conprises a |l euco dye and a peroxidase. 5. A process
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conprises reacting the al kene wth hydrogen peroxide in the presence of a
cat al yst SOl an hernieseRgrielryianive @}J@%lée ayingar MFI siyetuf@act i on mixture is
determ ned on-line during the reaction by nmeans of a process as clained in
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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.
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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)O»

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,
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The schematic structure is shown in figure 1.

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 titrators. 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 titanyl 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).
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- 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:
emptying of the measurement cell (reaction vessel),
filling of the measurement cell with solvent (e.g. water) (“blank™),
trigger signal to UV/VIS process spectrometer for recording the
25

reference spectrum by means of the transmission probe,

measurement cell emptied by means of suction,

S L

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,
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solvent (e.g.

11.  trigger signal to spectrometer for recording the UV/VIS absorption spectrum of the
reaction solution,

12.  evaluation program on the computer calculates the H,O, concentration from the
absorbance,

10 13. transmission 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
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An additional sample was taken once per day and analyzed off-line by the titanyl sulfate
method to provide a comparison. The comparison of the results of the on-line and off-line

determinations during the experiment over virtually 800 hours is shown in figure 3.

10  Fig. 3 shows a comparison of the hydrogen peroxide content of 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 is 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.
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Measurement cell

4 = Transmission probe
5 = Optic fibers
6 = Trigger signal
10 7 = Spectrometer
8 = Light source
9 = Signal proportional to the HO, 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
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(1) admixing the mixture comprising hydrogen peroxide with at least one

10 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,

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

15 absorption in an appropriate wavelength range.

2. A 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 Table of

the Elements.

20
3. A process as claimed in claim 2, wherein the at least one reagent is selected from
the group consisting of titanium-, cobalt-, chromium-, zirconium-, hafnium-,
vanadium-, niobium- and tantalum-containing compounds.
25 4. A process as claimed in any of claims 1 to 3, wherein the at least one reagent

comprises a leuco dye and a peroxidase.

5. A process as claimed in any of claims ! to 4, wherein the determination of the
amount of the substance present is carried out by measuring its specific absorption

30 and/or fluorescence in the UV/VIS region of the spectrum.
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7. A process as claimed in claim 6, wherein the catalyst is a zeolite catalyst.
8. A process as claimed in claim 6 or 7, wherein the zeolite catalyst is a titanium

silicalite having an MFI structure.
10

9. A process as claimed in any of claims 6 to 8, wherein propene is reacted with
hydrogen peroxide in methanolic solution in the presence of a titanium silicalite

having an MFI structure to form propylene oxide.

15 10. A process as claimed in any of claims 6 to 9, wherein the reaction is carried out in a
plurality of reactors and the hydrogen peroxide content is determined by means of a
process as claimed in any of claims 1 to 5 in at least one reactor, preferably all
reactors. )



