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35 - A problem is that unsaturated starters in the presence of bases as are used for the
above-described alkoxylations undergo, at relatively high temperatures, secondary
reactions which are so strongly exothermic that they represent a safety risk.

Dynamic differential calorimetric measurements on an unsaturated starter, in particular
40  allyl alcohol and methallyl alcohol, in basic medium, in particular at concentrations of
0.07 mol of sodium or potassium hydroxide per mol of unsaturated starter, have shown
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The patent literature often describes alkoxylation processes of unsaturated starters for
which very high alkylene oxide concenirations are recommended without safety
aspects being addressed. However, specific, complicated safety measures, for
40  example special cooling facilities, quenching containers or appropriately dimensioned
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In the light of the above, it was an object of the invention o provide a technically simple
process for alkoxylating unsaturated starters, which at the same time satisfies the
requirements of increased reactor safety, a high space-time vyield and a high product
quality.

20  This object is achieved by a process for preparing polyether alcohols by reacting one or
more unsaturated starters having at least one active hydrogen atom per molecule with
one or more alkylene oxides in the liquid phase in the presence of a basic catalystin a
reactor, wherein the one or more alkylene oxides are introduced into the reactor in
such a way that the concentration of unreacted alkylene oxide in the liquid reaction

25  mixture in the reactor is increased as far as possible with increasing degree of addition
of the alkylene oxide onto the starter, with the condition that at any point in time the
temperature at the end of a runaway reaction is at least 100 K below the onset
temperature of the decomposition reaction of the liquid reaction mixture.

30 It has been found that the space-time yield of the alkoxylation reaction of unsaturated
starters can be increased while simultaneously ensuring a high product quality and
safe plant operation by regulating the introduction of the one or more alkylene oxides
into the alkoxylation reactor as a function of the degree of alkoxylation of the
unsaturated starter in such a way that this is set to as high as possible a value at any

35 point in time, while always ensuring that the temperature at the end of a runaway
reaction is at least 100 K below the onset temperature of the decomposition reaction of
the liquid reaction mixture.

The onset temperatures of the decomposition reaction of alkoxylated unsaturated
40  starters depend on the degree of addition of the alkylene oxide onto the unsaturated
starter.
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The following table shows results of DSC measurements at a heating rate of 2.5 K/min
for allyl alcohol at different degrees of addition of ethylene oxide or propylene oxide
onto the allyl alcohol:

EOC PO KOH Onset temperature AH
fmolimol;yy] (%] [°C] [/g]
0 0 8.71 240 720
1 0. 5.15 280 620
2 0 365 300 610
4 0 2.31 300 780
8 0 1.33 310 1040 -
12 0 0.94 320 760
0 4 1.87 305 430
0 8 1.05 320 . 510
0 12 0.73 310 440
2 2 2.07 315 540

The table shows that, depending on the degree of addition of the alkylene oxide onto
the allyl alcohol, decomposition reactions associated with high reaction enthalpies of
>200 kJ/kg commence at difference onset temperatures which increase with
increasing degree of alkoxylation.

Comparison of ethoxylates and propoxylates having degrees of addition onto the
starter (degrees of alkoxylation) in the range from 4 to 12 mol of alkylene oxide per mol
of aliyl alcohol shows that there are no significant differences between the onset
temperatures of ethoxylates and propoxylates. This is also confimed by DSC
measurement on the mixed oxide allyl alcohol alkoxylate (allyl alcohol
ethoxylate/propoxylate): here, the onset temperature measured is 315°C and is thus
close to that of the pure ethoxylates (300°C for an allyl ethoxylate having 4 mol of
ethylene oxide per mol of allyl alcohol) or propoxylate (305°C for the addition product of
4 mol of propylene oxide onto 1 mol of allyl alcohof).

An unalkoxylated allyl alcohol itself has an onset temperature of only 240°C in the
presence of potassium hydroxide. In order fo comply with the recommendations of the
TRAS 410, the free alkylene oxide accumulated in the reaction mixture would in the
case of a runaway reaction in the reactor, i.e. in the event of a cooling failure, therefore
have to be such that the maximum temperature of 140°C (i.e. 100 K below the onset
temperature of the decomposition reaction) is not exceeded in the runaway reaction.
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6
The invention therefore makes use of the surprising recognition that an increasing
degree of alkoxylation is accompanied by an increase in the onset temperature and
that the reaction enthalpy of the decomposition reaction decreases again above a
particular degree of alkoxylation.

For the present purposes, unsaturated starters having at least one active hydrogen
atom per molecule are substances having one or more terminal or internal double
bonds, in particular ether amines or ether alcohols having at least one ethylenic double

bond per molecule, in particular ether alcohols of the general formula | '

R4 RS
R3 R6
RZ\%‘{\X A ot N0
R7

where:

- R1-R7 are each, independently of one ancther, H, methyl, sthyl, propyl or another
aliphatic or aromatic radical,

-X=0, 3,

where a= 0 AND b= an integer from 0 to 5 AND ¢c=1 AND 0 > n > 100

. OR where a= 1 AND b= an integer from O to 5 AND ¢c= 0 and 0 > n > 100.

As unsaturated starters, preference is in the present case given to using allyl alcohol,
methallyl alcohol, isoprenol, 3-methyl-3-buten-1-ol, 3-methyi-2-buten-1-ol, 2-methyl-3-
buten-2-ol, hydroxybutyl vinyl ether, 3,4-dihydroxy-1-butene.

Particular preference is given to using allyl alcohol or methallyl alcohols as unsaturated
starters.

In addition, it is also possible to use starters having at least one active hydrogen atom
per molecule and no double bonds in addition fo the unsaturated starters. However, the
concentration of unsaturated starters should be at least 40% by weight, preferably at
least 60% by weight, particularly preferably at least 90% by weight, based on the total
weight of the starter mixture of unsaturated and saturated starters.

Starters without unsaturated groups which can be additionally comprised in the starter
mixture can, in pariicular, be selected from the following listing: methanol, ethanol,
propanol, n-butanol, isobutancl, f-butanol, hexanol, C;./Cis-alcohol, CqCis-0X0
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Heonor 3 kéaxp‘??@{'%]e%gﬁ*mqp@sa%ffvs?'mwﬁa@@e)ﬂé%rotaawseeswc Sshens.
onset terrpereéﬁ!/!ﬂf'@laﬁﬂa%a eerol. ingtinilpiapanss phénysgigdoh pheny dighabl, Bhabhibol,

pur e et hoxy listidesar(cB OtEthyl gryc@ﬂm@ﬂwwdhglﬁédﬂ(l%éﬁhéh& A M cﬂcr@%l Bcresol and
et hyl ene oxg)dgewr mol of allyl alcohol) or propoxylate (305C for the
addi tion product of 20 4 nol of propylene oxide onto 1 nDI of ally!

al cohol ). An unal koxyl ated allyl al cohol itself has an onset

t enper at1@r e Asfcatatysjs, ®49 Eossible teeuse alkali metal hydroxides such as KOH, NaOH, CsOH,

alkaline earth metal hydroxides such as Ca(OH),, Sr{OH),, or alkali metal alkoxides
such as KOMe, NaOMe, K-t+-BuO, Na-t-BuO. It is also possible to use mixiures of the
abovementioned catalysts. The catalysts can be used either as solids or as solutions or
suspensions, with the solvents optionally being removed, 1t is also possible to add only

15 part of the catalyst at the beginning of the reaction and introduce further catalysts in
one or more portions at & later point in time, with the catalysts being able to be identical
or different and the solvents being able, depending on requirements, to be removed or
left in the reaction mixture.

20  Preference is given to using sodium hydroxide or potassium hydroxide as a solid or in
aqueous solution as basic catalyst.

As alkylene oxide, preference is given to using ethylene oxide and/or propylene oxide.

25  To carry out the process of the invention, the concentration of. unreacted alkylene oxide
in the liquid reaction mixture in the reactor and also the current degree of addition of
ihe alkylene oxide onito the unsaturated starter, in particular aliyl alcohol or methallyt
alcohol, has to be known during the entire introduction of oxide.

30 To determine the concentration of unreacted alkylene oxide in the liquid reaction
mixture in the reactor, it is possible to use all known methods:

Thus, it is possible to measure the concentration of unreacted alkylene oxide in the
liquid phase directly, for example by means of optical methods such as NIR, IR or

35 Raman spectroscopy. However, such measurements are very complicated and the
measuring instruments, in particular on-line IR and on-line Raman spectrometers, are
relatively sensitive, so that these methods of measurement tend to be suitable for
laboratory or pilot plant use but not for industrial plants.

40  The concenfration of unreacted alkylene oxide in the liquid phase can also be
determined indirectly, for example via the viscosity of the liquid phase since unreacted



presence of potassium hydroxide. In.order to conply with the
reconmendati ons of the TRAS 410, the free al kyl ene oxi de accumul at ed
in the reaction mxture would in the 25 case of a runaway reaction in
t he reactor, in the event of a coolging failure, therefore have

i.e.
to be such ' | ture of 140C (.i..e. 100 K bel ow t he
onset te rrpe%lg%rrl_ée Iaglld gﬁé@%g}éﬁg g‘%staﬂy S E%P%é%qclt'?)'?\ )rr"’ftgren Géwgﬁe SoRliGatREd
t he runaway CRIBRICNS@re ngcessary; Y s inyrPosa asinseoihe visskely efstveoliquichghase
surprisi ng memages vithoinciehsing degresofr allasiiatiprdegr ee of al koxyl ation is
acconpani ed by an increase in the onset tenperature and that the
reactiongen 0f. t he decomposition reactiqon decreases agai n above
a partictl a?‘h@}étg%?ég&ﬁcpﬁ%b%ﬁq?ﬁwew b ﬁgn%&égwreﬁnlﬁnﬁofgggample by
unsat ur at ed M$8BY PEFEsHAQvTaetats, mihdhe daesilidisingealtly do bgencastimn peing the

nol ecul e ar eorilid Sreenmrigiplesin angpasseheugimahich tier ehdivh nidturetbeEs nal
doubl e bonds, in particular ether am nes or ether al cohols having at
I n particul ar ether

| east one efhyl eni.c. doubl e, bond per | ecyl e, ]
Al cohol 5. of "PHE e Fteo oA G dBSendiRasatn ey b3 e derderor Fkeration,
i ndepend@nt h3s lorbedakenzsepundras indicated shove iretelalibn tathe pigtosiy measurbment.
aliphatic or aromatic radical, - X=0, S, where a= 0 AND b= an integer
fromO to 5 T = = an_integer
fromo to 5Fg‘&‘%f EE"'%"%N?@ s B LSy Ret Rn e Lt ol L Hetpfhpditn o
preference PSR! RARMBIETRMeAsLEMAN, BNe SPeRY #igound.he rices 6f Tefraction
met hal |yl apibeglelectriespneiants., 3- met hyl - 3- buten-1-ol ,

3-nmet hyhs 2- buten-1-ol, 2-nethyl-3- buten-2-ol, hydroxybutyl vinyl

et her, 3,4-4di = L 11 eul . er i iven to.
using allyi ggﬁ%@ﬂe% rpé”fﬁd;ﬁd ﬁ'ﬂﬁ@n@#scgé%e%r%a ﬁ?@?egﬁtsegt ﬁyfe&esqxnde
is gas-c roma?ogrg&lc analsysxs 63} the gas phase in the reactor. Starting from the gas
- phase composition determined by gas chromatography and taking into account the
total pressure in the reactor, the partial pressure of alkylene oxide in the gas phase is
20  calculated and, taking into account the solubility coefficient of alkylene oxide, the gas

phase conceniration of the latter can be derived.

Gas chromatographs are available in appropriately robust designs for use in large-
scale manufacture.
25
A further method of determining the free alkylene oxide concentration which is simple
to use and can be employed universally has been found to be measurement of the gas
pressure in the reactor, from which it is possible to calculate the concentration of
unreacted alkylene oxide in the liquid reaction mixture when the solubility coefficient of
30 the alkylene oxides in the reaction mixture is known and the compression pressure of
the nitrogen has been calculated.

By increasing the permissible reactor pressure as a function of the degree of addition

of the alkylene oxide onto the starter and thus the onset temperature for the
35  decomposition reaction taking into account the change in the nitrogen partial pressure

as a result of the compression of the inert gas pressure initially set as far as possible,

taking care that at any point in time the temperature at the end of a possible runaway

reaction is at [east 100 K below the onset temperature of the decomposition reaction of

the liquid reaction mixture, the invention provides a simple way of carrying out the
40  alkoxylation at a reaction rate which is maximized while ensuring safe operation.



In addition, it is also possible to use starters having at | east one
active hydrogen atom per nol ecul e and no double bonds in addition to
the unsaturated starters. However, the 30 concentration of

unsaturated starters should be at |east g40% by wei ght, preferably at

| east 60% b [t cu ar.l r ef I 0% wei ght
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net al hyslr oxi des such as Ca(OH)2, Sr(OH)2, or alkali netal al koxi des

such as K ssible to use
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bei ng abl e, "Y)H"er rt%'ﬂﬁé?ﬁ?@re plothsedqcempoeiiproreaptian: of et ligid
reaction m Selamicm thDll’éPr ef erence is given to using sodi um hydroxi de or
pot assi um hydroxi de as a solid or in aqueous solution as basic

catal yst. Ag.alkyl ene oxide, preference is given to using ethylene
oxi de apd/ or propyl ene oxide. 25 To carry out the process of the

i nventi®h, the concentration of. unreacted al kyl ene oxide in the
liquidr eacThepreginstion of 4 protitve of eliyt dloohchadd &Csiaviriyea cegree ot alictagiues of
addi tion of 1¢ h@ladE@b@rﬂﬁomhl@@al@éﬁo@;stwbﬁ-|eufb%@&é1foﬁéﬁ§ starter, In

particul ar allyl alcohol or nethallyl alcohol, has to be knomn during
the entire introduction of oxide. 30 To deternlne t he concentration

of unreact et® 91 ¥Alkhalcahq! fe iinfradieed mhiran rteraeerpire itk tauil é stainlegsesteel
react or 30 i t altgclges §i 16l geoft KO Slekesl (B8%rmune) are shbstgueifylsiroduted. The reactor
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Such ae N HOTE of SBShaden) HelSBIR To MmBEERe breshiis, b Slipae g
are very co?r‘fﬂCP%t&fj &d2igria 191%@%&@5) iThg Varduh imegris braken psing mtr@gam The
on-1ine | R madtoois h¢aied RafBIC. Sppabswaes aebhsut ADar ghRigey @ ystafivdd by e,
so thatgs heﬁe@u[ﬂﬁém@%f QthylBRS HJ&@@%’P& sfuﬁ%uﬁﬁt ﬁ'ltl%Hbie%b te ff‘&f Dyjing the
| abor at ory Q&dltﬁ)l R{[ p%lrrﬁfgglbleseeo parElal pressure, whic r;'s gl(/xler? e d| erence befween

reactor pressure and nitrogen partial pressure (calculated via the compression resulting

from introduction of EO), is gradually increased so that a final pressure of 7.2 bar

(gauge) results. The total time of infroduction was 6.2 hours, This gives 749.5 g of the
40 product allyl alcohot + 10 EO having an OHN of 117.2 mg KOH/g.



al kyl ene oxi de reduces the viscosity of the reaction m xture.
However, conplicated calibrations are necessary for this purpose
since the viscosity of the liquid phase increases with increasing
degree of al koxylation. 5 A further indiocect nethod of neasurenent is
density nea xanpl e by neans of nmass flow nmeters, with

t he densityégéﬁﬁgmg ?%Qﬁﬁgbe measured using the coriolis force
principle in a bypass through which the reaction m xture fl ows.
However, i nThéexpeciosei wepmpetthed ad dpantiehaisovefbut the pdenissibly redttdripeessure
degree of alkeoysddatilyancradsedas obip 40Dhat 6852 EROMRbduRsH lindWadkethqbove
inrelatgon to the viscosity neasurenent. 'Further i1ndirect nethods of
measur enmeént _whi ch are based on the determ nati on of physica

par anet er s APePioddeheda Rt symbeief §HeemadfORaund, the indices of
refraction or the dielectric constants. 15 A further indirect nethod

of determ nTRY dxBAPROMEENELAIsRReS  hiN L AChB R Ké/rﬁ@@%u@xécg@rdfnﬁ to the
gas- chr omat ﬁﬁ%fﬁﬁg' nal%ﬁlg of, the Eigas eghad‘see In t re_%ct Oll:x' ,
Starting fr RO YESPRRELDS YIS BT BiFeges Fqﬂsﬁg@b&w@ At the same time
chr onat 69r apiyringa Migaradict adadtyaccount the -total pressure in the
reactor, the partial pressure of alkylene oxide in the gas phase is
20cal cul ated and, taking into account the solubility coefficient of
al kyl ene oxi de, the gas phase concentration of the latter can be
derived. Gas chromatographs are available in appropriately robust
designs for use in |large-scale manufacture. 25 A further nmethod of
determ ning the free al kyl ene oxi de concentration which is sinple to
use and can be enpl oyed universally has been found to be nmeasurenent
of the gas pressure in the reactor, fromwhich it is possible to

cal cul ate the concentration of unreacted al kylene oxide in the liquid
reaction m xture when the solubility .coefficient of 30 the al kyl ene
oxides in the reaction mxture is known and the conpression pressure
of the nitrogen has been cal cul ated. By increasing the permssible
reactor pressure as a function of the degree of addition of the

al kyl ene oxide onto the starter and thus the onset tenperature for

t he 35 deconposition reaction taking into account the change in the
nitrogen partial pressure as a result of the conpression of the inert
gas pressure initially set as far as possible, taking care that at
any point in tinme the tenperature at the end of a possible runaway
reaction is at |east 100 K bel ow t he onset tenperature of the
deconposition reaction of the liquid reaction mxture, the invention
provides a sinple way of carrying out the 40 al koxylation at a
reaction rate which is maxim zed while ensuring safe operation. 9
The process of the invention is thus preferably carried out with the
i ntroduction of the one or nore al kyl ene oxi des being regul ated by
continuously neasuring the gas pressure in the reactor, calculating
the partial pressure of the one or nore al kyl ene oxi des therefrom
taking into account the inert gas pressure set before the begi nning
of 5 the reaction, and calculating the concentration of unreacted

al kyl ene oxide in the liquid reaction mxture via the solubility of
the one or nore al kyl ene oxides in the liquid reaction m xture and
calculating the tenperature to be expected at the end of a runaway
reaction fromthe concentration of unreacted al kyl ene oxide in the
liquid reaction mxture and the degree of addition of the al kyl ene
oxi de onto the starter



10 al cohol calculated on the basis of the ratio of al kyl ene oxi de
introduced and initially charged starter calcul ated at the respective
point in tinme and regulating the flow of the one or nore al kyl ene

oxi des introduced in such a way that thgqqtenperature to be expected
at the end q&l% runaway reaction is at |east 100 K bel ow the onset
tenperature 67 Fhe deconposition reaction of the reaction mxture. 15
The introduction of the one or nore al kyl ene oxides into the reactor
is preferably carried out in such a way that the concentration of
unreacted al kyl ene oxide in the quuid reaction mxture in the

reactor i |ncr ased a ar _as th increasing degree of
a1 on Sof T he TRSASBE WepAoBRBE Eh obhas b Ao o GPierinsplurated

havi ng to be 20 stanisigrkayingtpdleagt ongrattipphysirogan atdrmpet meletdeméth anea oe matre
the end of ar uﬂ&%ye roxiies 1i9nhd Hq@d phasstin Wk Kréaehdott BevaaRS&dtalyst in a

tenperature of Trf-f-‘a‘?; e\ﬁﬁ’émﬂ%é bﬁ’é"orr r‘ﬁ@r%té! o é&ﬁg al‘% ﬂmﬂpﬂ.«.’l'eg%g tIﬁ&Teagtr%

m xture. Exanple at1on

EO havi ng a degr‘rbﬁu‘\tl)"faéﬁqg()ts%a}éﬁ%’ﬂc raﬁ‘ﬂ‘ pnrg?ctgga%lpn%mdgfm e {quid
al cohol 10s car r reagtigumixerefiol thewweact@Js dnapdasat lagl fambe phsediblamégth increasing
introduced at r degheb @FRETIHRINUTEhd dlikyier@ okide dhHicdHhBIseFSr, Wilh8he adhdition that at

faUt ocl ave. 6. 16 Blngmﬂf‘lé qilﬁae%rrga%ﬁa{ d‘@“&t%e %{1@ 8§Hbrﬁﬁé%5¥]}ea¥t[on is a& I%ast

i ntroduced. The .S

to a pressure of ‘?T% e ass} erﬁﬂ‘?éatl"r@a%ttﬁ? qegorgmgxqug@ﬁﬂpg of the liquid
pressurized to aEtaﬁ:b@'pmeﬁure pressure with nitrogen and evacuat ed again
to 100 migar (abs). The vacuumis again broken using nitrogen. The

reactor is at S (

catabl i shed Be ‘*‘“&Eﬂ%&ggﬁ?ﬁ%m@%ﬁ% HF wBathe soreriflad AR Rahlaiensy
i ntroduced at 9%EM r?écof‘ﬂe add| tion, the perm ssi bl e EO parti al
pressure, which is given by the dlfference bet ween reactor pressure
and ni trogers, parthiaroddss $etbraing GalcRith At &R, Witrdif e IRPERS 54iGd is ethylene

resul ting fromij ?ﬁ[?%g%}?'%ﬁg% is gr adual | y increased so

final pressure o auge %esults. The total tine of
i ntroduction was 6.2 hours. This gives 749.5 g of the 40 product
ally! al cohdt +The pE@esaacenydiag Oy off cldith® . 12torfly wiieldingthe HiBic catalyst is an

Conpar ative examMafmBg hgdBREd BRAH alN@isméBRdaxRd, as described above
but the perm ssible reactor pressure was gradual ly increased to only

4.6 bar éE_agauge) The i ntroduction tine hours. 5 The product
had an n@nberThEProcess acoerlinadaydpim 4, W'l'wemék%lhﬁl%cqtﬁm% l%@%ﬁ%hﬂ&@%@e
that in a proce®spectassitrediydrokidaccording to the invention, the
space-tinme yield can be increased considerably while at the sanme tinme

10ensuring 3. hi %e%rrgégégtacgéﬁh& tté/ any 9’ "c']lia:!r?s 1 to 5, wherein the introduction of the

one or more alkylene axides into the reaclor is carried out in such a way that the
30 concentration of unreacted alkylene oxide in the liquid reaction mixture in the

reactor is increased as far as possible with increasing degree of addition of the

alkylene oxide onto.the starter alcohol, with it having to be ensured that at any

point in time the temperature at the end of a runaway reaction is at least 50 K

below the onset temperature of the decomposition reaction of the liguid reaction
35 mixture.

7.  The process according to any of claims 1 to 6, wherein the introduction of the
one or more akkylene oxides is regulated by continuously measuring the free
alkylene oxide caoncentration in the liquid phase in the reactor and on this basis

40 regulating the flow of the one or more alkylene oxides introduced in such a way
that the temperature o be expected at the end of a runaway reaction is at least



A process for preparing polyether alcohols”"by reacting oné or nore
unsaturated starters having at |east one active hydrogen atom per

nol ecule with one or nore al kyl ene oxides in the liquid phase in the
presence of a basic catalyst in a reactef, wherein the one or nore

al kyl ene oxi des introduced.into the reactor in such a t hat

t he concentrat i 3&6 gfbeﬁw %‘8@?3 t%WW?tHF?eOféﬁ? a%ccinﬁ’o?'ﬂ‘é” Tqa&fiﬂ”oo‘c?&?a@aic%‘?ﬂ
mxture in the P®4B®or is increased as far as possible with

i ncreasi ng degree of addition of the al kyl ene oxide onto the starter,
with the condition that at any point in time the tenperature at the
end of a runaway reaction is at |east 100 K bel ow t he onset
tenperature of the deconposition reaction of the liquid reaction

m xture. The process according to claim1, wherein the unsaturated
starter is ally] alcohol or nethallyl alcohol. The process according
toclaim1 or 2, wherein the al kyl ene oxide is ethylene oxide and/or
propyl ene oxi de. The process according to any of clains 1 to 3,
wherein the basic catalyst is an alkali netal hydroxide or an al kal
nmet al al koxi de. The process according to claim4, wherein the basic
catal yst i s sodi um hydroxi de or potassium hydroxi de. The process
according to any of clains 1 to 5, wherein the introduction of the
one or nore al kyl ene oxides into the reactor is carried out in such a
way that the concentration of unreacted al kylene oxide in the liquid
reaction mxture in the reactor is increased as far as possible with
i ncreasi ng degree of addition of the al kylene oxide onto the starter
al cohol, with it having to be ensured that at any point in tinme the
tenperature at the end of a runaway reaction is at |east 50 K bel ow
the onset tenperature of the deconposition reaction of the |liquid
reaction m xture. The process according to any of clains 1 to 6,
wherein the introduction of the one or nore al kyl ene oxides is

regul ated by continuously nmeasuring the free al kyl ene oxi de
concentration in the liquid phase in the reactor and on this basis
regul ating the flow of the one or nore al kyl ene oxi des introduced in
such a way that the tenperature to be expected at the end of a
runaway reaction is at least 12 100 K bel ow the onset tenperature of
t he deconposition reaction of the reaction m xture.



