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differential calorinetric neasurenent; for reason

35 - A problem is that unsaturated starters in the presence of bases as are used for the
above-described afkoxylations 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 methaliyl 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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30lIt has been found that the space-tine yield of the al koxylation
reaction of unsaturated starters can be increased while

si mul taneously ensuring a high product quality and safe pl ant
operation by regulating the introduction of the one or nore al kyl ene
oxi des into the al koxylation reactor asga function of the degree of

al koxyl ation of the unsaturated starter in such a way that this is
set to as high as, possible a value at any 35 point in tine, while
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NI AN [J '19] QmQ y%‘ld@ﬁcaUse the second process stage can be carried out only after complete
reaction of the alkylene oxides introduced in the first stage and this will, in particular
because of the very low catalyst concentration in the first stage, take a very long time,
with the consequence that the concentration of by-products can also be elevated.

15 Inthe light of the above, it was an object of the invention to provide a technically simple
process for alkoxyiating unsaturated starters, which at the same time satisfies the
requirements of increased reactor safety, a high space-time yield and a high product
quality.

20 This object is achieved by a process for preparing palyether alcohols by reacting one or
more unsaturated starters having at least one active hydrogen atom per molecule with
one or more aikylene oxides in the liquid phase in the presence of a basic catalyst in a
reactor, wherein the ane or more alkylene oxides are introduced into the reastor 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 piant operation by regulating the intreduction 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 fo 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
starier.
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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 allvi alcohol:

EO | PO KOH Onset temperature AH
[molfmolay] [%6] ["Cl [W/g]
0 0 8.71 240 . 720
1 0. 5.15 280 620
2 0 3.65 . 300 610
4 0 2.31 300 780
8 o 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 akylene oxide per mol
of allyl alcohol shows that there are no significant differences between the onset
temperatures of ethoxylates and propoxylates. This is also confirmed 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 fo that of the pure ethoxylates (300°C for an allyl ethoxylate having 4 mol of
ethylene oxide per mol of allyl aleohol) or propoxylate (305°C for the addition product of _
4 mol of propylene oxide onto 1 mol of allyl alcohol).

An unalkoxylated allyl alcohol itself has an onset temperature of only 240°C in the
presence of potassium hydroxide. In order to 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 ang

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 | .
10

where:
16 -~ R1-R7 are each, independently of one another, H, methyl, ethyl, propyl or another
aliphatic or aromatic radical,
-X=0, S,
where a= 0 AND b= an integer from 0 10 5 AND ¢= 1 AND 0 > n > 100
. OR where a= 1 AND b= an integerfrom 0 to 5 AND c=0 and 0 > n > 100.
20
As unsaturated starters, preference is in the present case given to using allyl alcohol,
methallyl alcohol, isoprenol, 3-methyl-3-buten-1-ol, 3-methyl-2-buten-1-of, 2-methyl-3-
buten-2-ol, hydroxybuty! viny ether, 3,4-dihydroxy-1-butene.

25  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

30 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
35 mixture can, in paricular, be selected from the following listing: methanol, ethanol,
propanol, n-butanol, isobutanol, t-butanol, hexanol, Ci/Cisaloochol, CgCi-ox0
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such as KOMe, NaOMe, K-+BuO, Na-+BuO. It is also possible to use mixtures of the

abovementioned catalysts. The catalysts can be used either as solids or as solutlons or
suspensions, with the solvents optionally being removed. it is also possible to add only

15 part of the catalyst at the beginning of the reaction and introduce further catalysts in
one ar more portions at a later point in time, with the catalysts being able to be identical
or different and the solvents beirig able, depending on requirements, fo 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 reactfon mixture in the reactor and also the current degree of addition of
ihe alkylene oxide cnio the unsaturated starter, in particular allyl alcohol or methallyt
alcohal, 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 direcily, 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 specirometers, are
relatively sensitive, so that these methods of measurement tend fo be suitable for
laboratory or piloi plant use but not for industrial plants.

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



25 case of a runaway reaction in the reactor, i.e. in the event of a
cooling failure, therefore have to be such that the maxi num
tenperature of 140C (i.e. 100 K bel ow the onset tenperature of the
deconposition reaction) is not exceeded in the runaway reaction. 6
The invention therefore makes use of thg surprising recognition that
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of unsatyga WTHIeY andt 9akmg into account t'rme 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
{o 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 fime the temperature at the end of a possible runaway

reaction is at least 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.



Starters without unsaturated groups which can be additionally
conprised in the starter 35m xture can, in particular, be selected
fromthe followi ng listing: nmethanol, ethanol, propanol, n-butanol,
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particul ar atdagiorahigtolzol or nethallyi al cohol, has to be known during
the entire introduction of oxide. 30 To determine the concentration
of unreacted %,ﬁ%ene oxide in the liquid reaction mxture in the
reactor, 0Ssible to use all known nethods: Thus, it is
p055|ble ?o measure the concentration of unreacted aIkerne oxide in
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on-line IR apd
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| abor at ofY oRUBFREG: O3P 4ritf Kislaer (88%tPuredrare Rihssayendy infspdused; The geactor
is closed and evacuated at room temperature to a pressure of 100 mbar {(abs). The
reactor is subsequently pressurized to atmospheric pressure with nitrogen and
evacuated again to 100 mbar (abs). The vacuum is again broken using nitrogen. The
reactor is heated to 90°C. A pressure of about 0.9 bar (gauge) is established as a
35 resuit. 660¢g of ethylene oxide are subsequenily iniroduced at 95°C. During the
addition, the permissible EO partial pressure, which is given by the difference between
reactor pressure and nitrogen partial pressure (calculated via the compression resulting
from introduction of EQ), is gradually increased so that a final pressure of 7.2 bar
(gauge) results. The total fime of intreduction was 6.2 hours, This gives 749.5 g of the
40 product allyl alcohol + 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 indirect nethod of measurenent is
density neasurenent, for exanple by neags. of nmass flow neters, with
t he density | I be nmeasured using the coriolis force
principle ineghﬁggﬁgfﬁ?ﬁﬁ%ugh whi ch the reaction m xture flows.
However, in this case, too, the dependence of the density on the
degree of al Kitsgdpatimen wae rapastet es Hesctiddeaboes g thet permissibla deasat pksabeve

in relation was dgrhcuaty Be@ssddto BRRSBLRIRALge). e iMRbudiBe ihe ths BIHIGdS Of
measur enegt which are based on the determ nation of physica

par anmet ers e nmeasuy enment. . of the eed of sound, the indices of
refraction g.ihe[‘?{gg"c?réng%}élﬁf?“’g%ﬂﬁ iﬁir%’.“g%?'" “further indirect method
of determ ning the concentration of unreacted al kyl ene oxide is
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reactor, the partia essure of al kyl ene 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 arée 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 allcyl 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
provi des 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 beginning
of 5 the reaction, and cal cul ating 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 calculated at the respective
point in the and regulating 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 J,east 100 K bel ow t he onset
tenperature of the deconposition reaction of the reaction m xture. 15
The introduction of¢@W& one or more al kyl ene oxides into the reactor
is preferably 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 increasing degree of
addi tion gf %he /gl kﬁle e oxide onto the starter alcohol, with it
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establ i shed as ale8stabesyldyn@6i0 diferahtizt tdiginesty. Oxi de are subsequently

i ntroduced at 95C: During the addition, the perm ssible EO parti al

pressure, which 4 | : { r t actor. pressu
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resul ti ng from i MPSRIKAGRf EO), is gradually increased so that a
final pré€8sure of 7.2 bar (gauge) results. The total tine of

i ntroduct i on3wasTig @Fobesarascordihg o geives of 29whergn dfie &ikwerdOo:ifea8 Weiylene

all'y! alcohol + gicRRdRpriopgeibxddN of 117.2 ng KOH g. 10
Conpar ati ve exanpl e The experinment was repeated as descri bed above

but the perm,ssibl e reactor @ressure was gradual |y increased to only
4.6 bar O&Eaué‘e). FRICTSIE AERRICEY BrPTYidhslaimsT & 5 whslrinsthe Hasin saiglyeideien
had an nunber aliFl metd hgdragdeenangiikali netebalisedden] e t hus denonstrat es
that in a process carried out according to the invention, the
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30 6. The process according to any of claims 1 to 5, wherein the intreduction of the
one or more alkylene oxides inio the reactor is carried out in such a way that the
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

35 point in time the femperature at the end of a runaway reaction is at least 50 K
below the onset temperature of the decomposition reaction of the liquid reaction
mixiure,

7.  The process according to any of claims 1 to 8, wherein the introduction of the
40 one or more alkylene oxides is regulated by continuously measuring the free



A process for preparing pol yether alcohols by reacting one 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 reactor, wherein the one or nore

al kyl ene oxides are introduced into theqgeactor in such a way that

t he concentration, of unreacted, al kylene oxide in the liquid reaction
mxture in the r @’5@?'?% OXiae qoRgantgiaryn dke iayid piigseihdhg mretoqgrd-on this basis

i ncreasi ng degr e&eggkiRgiéE fibwof BE onher aloleydliefepe oxideleinpoduced nEsush arsr

with the conditi tmttheasmpratadyto PO ieRbectdd dt iHEork ¥ a hGREY Aadfidh 18t 08
end of a runanay 15eReLbAMG shef tehB@hure A adBhBNdbR FeadBG Pl the reaction

t enper at uge of tﬁsmggconp05|tlon eacti1 on -qurt
m xture, Where the oOhset tenperature is the tenperature at which

based on a heating rate of 2.5 K/ mn, the commencenent of evolution
of heat is detectable by dynamc differential calorinetry. The
process according to claim1l, wherein the unsaturated starter is
allyl al cohol or nethallyl alcohol. The process according to claiml
or 2, wherein the al kyl ene oxide is ethyl ene 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 kali netal

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 kylene oxides into the reactor is carried out in such a
way that the concentration of unreacted al kyl ene oxide in the liquid
reaction mxture in the reactor is increased as far as possible with
i ncreasing degree of addition of the al kyl ene oxide onto the starter
al cohol, with it having to be ensured that at. any point in tine 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 |iquid
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 neasuring the free 12 al kyl ene oxide
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 100 K bel ow the onset tenperature of the
deconposition reaction of the reaction 5m xture.



