1 Process for preparing allyl alcohol alkoxylates Description 5The invention relates to a process for
preparing polyether alcohols by reacting one or more Utﬂsaturated starters having at least one active
hydrogen atom per molecule with one or more alkylene oxides in the presence of a basic catalyst.
Polyether alcohols based on unsaturated starters, i.e. starters having one or more 10 terminal or internal
double bonds, are RS SiiN sRA B A RIERIALAISIAEhane foam stabilizers, for the synthesis of
demulsifiers for crude oil dewatering or for producing flow improvers for building materials such as
concrete. The polyetsmipsdoohols in question are preferably allyl or methallyl alcohol alkoxylates 15 which
are prepared by alkoxylation of allyl or methallyl alcohol, essentially using ethylene oxide and/or
propylene oxide, ifHompERGANRIQIDRSICHEAlSIS: JrBpatingoiatrst slaskrlgoRabtity sxaeple allyl
alcohol or methallyl alcphol i lrcastina seRgtianeussset aBslig, BfcalRlysledaualy an alkali
metal hydroxide 0&?@0?%%%@%@%‘6%9&&%8' jé?éé(%%r%%%ﬁf&'@é{%@'d reaction is introduced. For
0

this 20 purpose, it Is advantageous to use a solid catalyst since, owing to the boiling point of allyl alcohol
of 95C, removal of water by simple distillation is not possible. However, since solid alkali metal hydroxides
still comprise watdrPftie" 181883 BRECA A YIS A RIEFORIBRLSTS géh YA Sl U0RiRlIN 5" €olid having a
potassium hydroxEEH PSR IoRIaRRM, BEIEED N iFAB PRI NdiBRY Hetiars B9 Es
undesirable by- 25fthases toedheisentiasie ofdemolsiieratiin tiedalied] Havereringdroiad @rotkigingisadvantage
can be overcome fiyisipg\adicoiidesldisgoatatysts . safteasrwoctastion of the catalyst, the alkoxylation
reactor is made inert, generally by means of nitrogen, heated to the reaction temperature, which in the
case of 30 unsatuytipiqmGERERrSickhiistiegiRRaN EREAGkIB0I0 17 OketRig thechlivARDR Rxides are
introduced, wih beif-Rlogk AR MLEHPXISNGIICGF BRINGCUIIAMRIY atdkyleneLxidaF skg are in
particular ethylene, @xjde. and propylene, gdd&l%”t R0 T2 pubylene xidg, [sobutylene pxidg, pentene
oxide, decene oxide anch%rene [0)( (C( probPern 15 ]ih‘?t Lf|1n§atura e sit rters in t e presence of bases
xample 8é/ alicono mettl" |H ed In
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unsaturated starter ajcoho r a cohal, is a
as are used for the above-describe a?lkoxﬁaﬁons undergo, at relatively |§h ?empe atures, secondary

reactions which afE3HXtréR5E ARGt AT Thed kpheLdRY aaralpfidRetal BYAMRIRE dfffé@ential
calorimetric measat&thBIFi8 M SEAFERSY YartHTIAIHMIEINEY 12OGHRN & dBKeuLsE: hetiafyl alcohol, in
basic mediur?Q in parieidait & advaceraeations dfe0a0sold olatdlgBditnee opvpotaissiterbhyideaxie pler mol of
unsaturated startejhal®sii@ivas 2 therhexd tbiewatier decimpbo sitiifiatem EeratyressivgyviAgwegér reaction
enthalpies above gAEekdlig arelhrtansekdrioesailasasdona@s {iam, 185 pRCpdtaiguihe onset
temperature is th%%mﬁ@ﬁ@@@rmbieh@%&@mmsysega%mﬁ?@lBﬁ%sqjmeﬁaigxﬂra%mﬁ by dynamic
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always baseQSO n %rggl?ctlg %ergatltuas%fo 'tﬁeKv/v%}Ienr' content in the alkali metal hydroxide. This disadvantage

can be overcome by using alkoxides as catalysts.

After introduction of the catalyst, the alkoxylation reactor is made inert, generally by
means of nitrogen, heated to the reaction temperature, which in the case of

30 unsaturated starters, is in the range from about 80 to 120C, and the alkylene oxides
are introduced, with both block and mixed oxide methods being customary. Alkylene
oxides used are in particular ethylene oxide and propylene oxide but also 1,2-butylene
oxide, isobutylene oxide, pentene oxide, decene oxide and styrene oxide.

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



In reactor operation, the technical rules for plant safety, TRAS for short, have to be adhered to. TRAS
410, 04/2007 version, page 8, prescribes, for the safe oLperation of 10 reactors, a spacing of the final
temperature of a reaction mixture in the event of a runaway reaction in the reactor from the onset
temperature of an exothermic decomposition reaction of 100 K so that an adiabatic induction time of 24
hours is ensured. T8FEEXIHETHHESEPROTRPHLLL SRR ETUIEStICAY B ctigh TIPS tRRHRESVRRRY Svhich the
reaction mixture uHftkdleLeaHhalr qesfitionseiterafly Gecemipmsiliths WHICh biseadiednsed with strong
gas formation andemspenesigltisdneleed e &yreeaswrech uid up aneurrdems @hevolrtomstamee gsto rupture of
the reactor if the s&feiytaradvesycalynainie migiferéheaenesgyinBeaforaridis leaenpasitioraoegrsothe
temperature has techeasibiRyvereisuhiaiantinayisnerns afsuitalle maagusasa hisassuaedthat it is
possible for an opgjgk iR initiate appropriate measures (drainage, emergency cooling by means of
additional pumps which may in the event of total utilities failure be independent of the power grid, etc.)
within the 24 hours mepfioned. Induction times.sharter than 34 fiowrsiare permissiple when other suitable
measures are present, for example 'special cooling. aciliues, quenching contairiers or appropriately
dimensioned pres@ﬁ'?@r?gIé%s%_%iﬁﬂié)s%ﬁ?gg B taRBAG RoPAB RS HEF AR SRR, ethylene
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category Il and muighaveébeeasiiaisda i tieacteivifonmEst aneehcenrongflyenakexit exedessney to provide
an appropriately dievengositchofégerioscoll @) Kneméraition. Bithbiviwéviistitre treey doRApeImMsSSible
accumulation of abinderea.oxides determined by the limitation of the adiabatic final temperature in the case
of a runaway reaction, for example in the event of a cooling failure, leads to a low reaction rate and thus
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to provide an appropriately dimensioned offgas scrub or incineration.
30
However, the very low permissible accumulation of alkylene oxides determined by the
limitation of the adiabatic final temperature in the case of a runaway reaction, for
example in the event of a cooling failure, leads to a low reaction rate and thus to long
alkylene oxide introduction times since the reaction rate is linearly dependent on the
35 alkylene oxide concentration.

The patent literature often describes alkoxylation processes of unsaturated starters for
which very high alkylene oxide concentrations are recommended without safety
aspects being addressed. However, specific, complicated safety measures, for
40 example special cooling facilities, quenching containers or appropriately dimensioned



of allyl alcohol at 140C and a maximum pressure of from 3 to 6 bar. This gives, depending on the reactor
pressure, a free alkylene oxide concentration in the range from 3 to 9%, which in the event of a runaway
reaction leads to adiabatic final temperatures of from 177 to 237C. Taking into account the
abovementioned, known 25 values for the first and second onset temperatures of the decomposition
reaction of allyl aI@%Péﬁk@Sﬂé?e@WWﬁsl B NSt R JRRIETPEESRESAABSIRIRE, NEEPIBCVER)), the
temperatures readldgiPartisaseld of the runaway reaction are in this case too above the values
recommended by the TRAS 410. 30A further problem when using unsaturated starters, in particular allyl
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ensure good*¥conomics and a high product quality. 4 DE-AIl 10 2006 048 017 proposes a two-stage
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into the alkoxglation firaetiompeashiefundion afithe whagraated adkoiytation miribelarnsituratedostarter in such a
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the subsequent syntheses. Since the rearrangement of allyl to cis-propenyl groups is

35 strongly accelerated by elevated temperatures, this can only be avoided or reduced by
working at relatively low temperatures. However, low reaction temperatures impair the
economics of the process.

Attempts have therefore been made to find solutions which make available safe
40 processes for the alkoxylation of unsaturated starters and at the same time ensure
good economics and a high product quality.



The onset temperatures of the decomposition reaction of alkoxylated unsaturated 40starters depend on
the degree of addition of the alkylene oxide onto the un§aturated starter. 5 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: 5 EO [mol/molanyd PO KOH [%]

Onset temperature [C] AH [Jig] 0 0 8.71 240 720 1 0 5.15
DE-A1 10 2006 048 017 proposes a two-stage process in which not more than 10 mol

of alkylene oxide per mol of unsaturated starter are reacted at a catalyst concentration
of not more than 0.0085 mol of basic catalyst per mol of unsaturated starter in a first

5 process stage and the reaction product from the first stage is reacted with further
alkylene oxide at a catalyst concentration of at least 0.010 mol of basic catalyst per mol
of unsaturated starter in a second or optionally further process stage(s).

However, this way of carrying out the process has the disadvantage of a poorer space-

10 time yield because 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 alkoxylating 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 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 catalyst in 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:

EO | PO KOH Onset temperature AH
[mol/molay] [%] [T] [J/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 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 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 315C and is thus
close to that of the pure ethoxylates (300 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 alcohol).

An unalkoxylated allyl alcohol itself has an onset temperature of only 240C 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 140C (i.e. 100 K below the onset
temperature of the decomposition reaction) is not exceeded in the runaway reaction.



1.87 30543008 1.05320 510 012 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 allgl alcohol, decomposition reactions associated
with high reaction enthalpies of > 200 kJ/kg commence at difference onset temperatures which increase

with 10increasing degree of alkoxylation. Comparison of ethoxylates and propoxylates having degrees of
addition onto the 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.

5
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
R4 R5
sz/\ﬁx a b Om/ O—f—H
R7

where:

15 - 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 0to 5 AND ¢c=1 AND 0 > n > 100
OR where a= 1 AND b= an integer from 0 to 5 AND ¢=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-ol, 2-methyl-3-
buten-2-ol, hydroxybutyl vinyl 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 to 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 particular, be selected from the following listing: methanol, ethanol,
propanol, n-butanol, isobutanol, t-butanol, hexanol, C;,/Cys-alcohol, CyC;;1-0x0



starter (degrees of alkoxylation) in the range from 4 to 12 mol of alkylene oxide per mol of allyl alcohol
shows that there are no significant differences between.the onset 15 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 315C and is thus close to
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decomposition reaction decreases again above a particular degree of alkoxylation. For the present
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15 part of the catalyst at the beginning of the reaction and introduce further catalysts in
one or more portions at a 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
the alkylene oxide onto the unsaturated starter, in particular allyl alcohol or methallyl
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 concentration of unreacted alkylene oxide in the liquid phase can also be
determined indirectly, for example via the viscosity of the liquid phase since unreacted



where a= 0 AND b= an integer from 0 to SAND c= 1 AND 0> n> 100 OR where a= 1 AND b= an integer
from O to SAND c=0 and 0> n > 100. 20 As unsaturategl 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-ol,

2-methyl-3- buten-2-ol, hydroxybutyl vinyl ether, 3,4-dihydroxy-1-butene. 25Particular preference is given
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alcohols, CI2C14- alcohols, Cl4C16-alcohols, castor olil, hydro enated castor oil, 12- hydroxystearlc acid,
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monobutyl ether, tripropylene glycol, octylphenol, ethylendiamine, glycerol, trimethylolpropane, phenyl
glycol, phenyl diglyooheSimiuelhthottiedd eganebsoetmgitgiyich, anetbadadigivciile biseheimatidy, phenol,
o-cresol, m-cresolpapsidatparanl etk e caialisienibis possikieéa useoalkalitvaialcby draxfeesisuch as KOH,
NaOH, CsOH, alkaline-emikrmetahbydroxides such as Ca(OH)2, Sr(OH)2, or alkali metal alkoxides such
as KOMe, Ng@Me, K-t-BuO, Na-t-BuO. It is also possible to use mixtures of the abovementioned

catalysts. The Cat%'¥§ﬁ%ecf\“of?$ JIRIRING AR ﬁ%?ofméjnsg é‘i@ n‘é%tﬁﬂoéfsﬁ S&ébogkgyl {ih dhgesolvents
e

e
optionally being remove |s als oss ‘e 0 |nn|ng of the
d% % mato ana SIS O e In the rfee%ctor tartin rom t H]ﬁ,]
reaction and introdute TiHREFC ays SN 8Né or mo IONS at a [atér poin ime, wi e catalysts

being able to be |cﬂ’8ﬁﬁ%aﬂ°(5?%?ﬁé?8rﬂeé‘?f8"wﬂ\@ﬁ§5@fﬁ@t%@rﬁeﬁ%ﬁﬂh@%f?%&ﬁﬁ%%m% to be
removed or left in 018 REGEHEA FhikRIFRASOPHgrtiBeP$ SHvenciikipRe oAt MRIESRIABASE fotassium
hydroxide as?8 solid@Hdied@neotasisolintioncasurashe catenisy. ovsfhtignentadsides prederahegas given to
using ethylene oxigdesnchocqntopigie netioxidieer2ah dedenvedit 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 additionpfstharahissasmxidroniaithf Unsaprsirgtaiarilsindeaiiciiar alixl aleagel or methallyl
alcohol, has to beggg%v\%qbl,re{g&r e entire introduction of oxide. 30To determine the concentration of

unreacted algglene oxide in the liquid reaction

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 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.



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 %hase 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 sensifie2rQeeasaRTHISSE R s BT RISIS{ARM AT IESHRHEOVSR Wei1ABRIYEHIA6 Bory or pilot
plant use but not forarRiuseIgl pkiRse HIRGIGeES iRy RIeRIRYSs PRNINSEUSy AR IFgatifoaasixture.
However, complicatesswalilor #tnsaaie, redbessany foz tugipupmssersinténthendsgosivyeodiyeheuid phase
increases with incoraskthelegoae rkaldkoxylatunbhdurthegdn gieactiragthodfofetreasey@mentis density
measurements forigxasapieumeARs ity a8s dmueRrigss oniti dbedearilvRenaablenoigigneasured
using the coriolis fREC& RriRFIRIRNA htéoééﬁﬁhf?%hﬁ@h&'a %‘rerﬁ%?ecté‘ﬂﬂlgﬁé‘tklkﬁjé@%the iéiyvever, in this
case, t0o, the depr%ﬁi?ﬁd%c%% he &I?d‘%ﬁ%&&ﬂéiﬂgg{e‘?ﬁ ’%'%0% Q0As tgtbtﬁéaéﬁ% gegount, as

indicated above in relation tot #scosh)é u ertnerﬁ Fur erl tmet lods. o measy rjement which
are based on the d&tRIINSAGN 0f p%T/Slc Concen ETers Sletileaeliie Bl Bf ound, the
indices of refractidA?5F A YL (AL c%sf%ﬁ?f?l%f &?ﬂﬂﬂ’ér" nH]?eétkﬁll‘aétﬁda('g? o%t%rﬁﬁ‘?uﬁaf{ﬁé
concentratioh®f udFeAetéd'eHidiRche okt @S5 £4-Hisr s atlgpipiarearrdfiisistete Y a8 st the
reactor. Starting fre1yghe gjagepisalselaiethpoliei oespetiveniest iDyigasol remeatiogdbhiiamer taking into
account the total pressuramoretiakyleactoxidae padoacpdessaverohalayehat aked empthetgastphizse is
20calculated and,dgiio@dnta aseoer the soluilityyceefbticianisohalledene xideclbe grs phase
concentration of the|aiiefFarie-dRidyrtoSith CHARIDRIRIRARBSA6R Akdilable in appropriately robust
designs for uge in large-scale manufacture 25 A further method of determining the free alkylene oxide

concentration which is. simple to use and ¢ a%rb%o?m%\%zﬁﬁ uQ&Y(?r?a\It' I}ﬁg ea tofog érgj LiRAS ﬁ/centratlon of

measurement of the '9885 ressgrg |n ere ct%re rom which oss e o £ cu at
unreacted aIkerne Oxide’in He'lj u% PEYHEh xEaPS ARG nhe S(ﬂlﬁ)‘ft? co C|en 36the alkylene

oxides in the react'ﬂiﬁdrﬁﬁﬁffr%nlgl?ﬁ%n”a% fﬁé‘cé%rrﬁ?)regﬁ?ﬁ?%r%%&fré‘%f’ﬂ?@tﬂﬁr%'er'm@é‘%%%n
calculated. By incFEA&RcPIREIY B M Rsiffertiodribrater siife HS SRIIRERIFPBP tHEtBdgrewrst BdBftion of the
alkylene oxid® ongnshieedtinabatany o thenohtis mpperiatarat foe gnd G5 devyrap osatoenrsattion taking
into account the cleangsark thelmitribgeonpeatrtiethpeesstreofitha tesolhpdsiiencoragiassiDiheflinddinert gas
pressure initially sehasofamasupnssible, taking care that at any point in time 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 reactiggam'mure, the invention provides a simple way of carrying out the

25
The preparation of a product of allyl alcohol and EO having a degree of alkoxylation of
10 mol of EO per mol of allyl alcohol is carried out as follows.

89 g of allyl alcohol are introduced at room temperature into a 11 stainless steel
30 autoclave. 6.16 g of KOH flakes (88% pure) are subsequently introduced. The reactor
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 90C. A pressure of about 0.9 bar (gauge) is established as a
35 result. 660g of ethylene oxide are subsequently introduced 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 EO), is gradually increased so that a final pressure of 7.2 bar
(gauge) results. The total time of introduction 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.



40alkoxylation at a reaction rate which is maximized while ensuring safe operation. 9 The process of the
invention is thus preferably carried out with the introdu Hon of the one or more alkylene oxides being
regulated by continuously measuring the gas pressure in the reactor, calculating the partial pressure of
the one or more alkylene oxides therefrom, taking into account the inert gas pressure set before the
beginning of 5 th&PERABH EH@ERIRulating the concentration of unreacted alkylene oxide in the liquid
reaction mixture via the solubility of the one or more alkylene oxides in the liquid reaction mixture and
calculating the tenipe eauaenerb&axEpeigddaideseridedfahovm bwalyerparntiosidioreatiier pogrserdration of
unreacted alkyleneaxigad irath e tigaisk deaclignampikin (g aine) b diagterabaddit omeBihaalisylene oxide
onto the startey 10 alcohol calculated on the basis of the ratio of alkylene oxide introduced and initially
charged starter cajgulaigg atithe 4eenentiveaipt 18 §meg refggulating the flow of the one or more
alkylene oxides introduced in such a way that the temperature to be expected at the end of a runaway
reaction is at Ieast[rl]oo K bellowr'%he %nset t?n'[gerﬁzture of the decomgo.si ion {eactioop of Ehe reaction
mixture. 15 The in roedﬁ’_éﬁ@r'f of tthueS oneemc())rn_ more a ja/i_e'rrfe %)g(r]oecseslﬁtg & re?alé oarﬁ%OE)r'SPeré)b_fyecarried outin
such a way that tHEVEBIEAAGBRABTING & P ARG IHE B3RS HIHE RRMIW LR A S MRS E™ the reactor
is increased 43 faPARPes8iBIBAIPIHIE R4y degree of addition of the alkylene oxide onto the starter
alcohol, with it having to be 20 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 liquid reaction
mixture. Example 25 The preparation of a product of allyl alcohol and EO having a degree of alkoxylation
of 10 mol of EO per mol of allyl alcohol is carried out as follows. 89 g of allyl alcohol are introduced at
room temperature into a 1 | stainless steel 30 autoclave. 6.16 g of KOH flakes (88% pure) are
subsequently introduced. The reactor 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
90C. A pressure of about 0.9 bar (gauge) is established as a 35 result. 660 g of ethylene oxide are
subsequently introduced at 95C. 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 time of introduction was 6.2 hours. This gives 749.5 g of the 40product allyl alcohol + 10 EO
having an OHN of 117.2 mg KOH/g. 10 Comparative example The experiment was repeated as
described above but the permissible reactor pressure was gradually increased to only 4.6 bar (gauge).
The introduction time was 8.5 hours. 5 The product had an OH number of 116.9 mg KOH/g. The
example thus demonstrates that in a process carried out according to the invention, the space-time yield
can be increased considerably while at the same time 10ensuring a high product quality.



11 Claims 1. A process for preparing polyether alcohols by reacting one or more unsaturated starters
having at least one active hydrogen atom per moleculel ith one or more 5 alkylene oxides in the liquid
phase in the presence of a basic catalyst in 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 mixture irfFtH8¥eactor is increased as far as possible with increasing degree of addition of the
alkylene oxide onto the starter, with the proviso that at 10 any point in time the temperature at the end of
a runaway reactioh is a4 lgases0DKplEplawdmeipebet tdenpasaivreaftitigeode compositosateaston of the
liquid reaction mixture. 2aridie p06e 36 laasoskngrtioectgimdemarene it meolstariwiatedstantiesres allyl
alcohol 150r rgethallyl alrpbed. 3xidéls irracesis Acqainariardapiedemte? oivhesaiit togaliylpne oxide is
ethylene oxide and/or prapyene axiAn< BTl RIecaRfcecHidig-le A QieRims thidehyperein the
basic catalyst is an alkali qefal W%ﬁ&??h%r_ ?%@éhéﬁtm?}ﬁ' AKOXIAG: M0 FH%&S%& AecRding to claim 4,
wherein the basic catallyst IS sodi g}d{ggl e cir lpota\ssmm Qy r?mde. 256 IT e process according to
any of claims 1 to 5, Wheear(élﬁr}hrg')l(nl{rr% Uction 6f the'ohe Grmora alky Iaesngoc)s_%ggsv‘(hto'?ﬁree?gggtor is carried

out in such a way that fH-“éJ@8&&&?&9&&61*\?@%&8{&%&%8&‘8 BaRAFthY Ty e PEaR R Fhakure in the
reactor is inct8ased as#aY ASMHJ8siBIE WRHFAHYANIHY) bPeRNBf AR EMRRACBOIR\ARIF&BXide onto
the starter alcohol, withL88e<ppelpwothhansehigmpeiatue tihthenderompesiitiveeactine ehthefigwdnaway
reaction is at least 50 Kedaetow tivgweset temperature of the decomposition reaction of the liquid reaction
mixture. 7. The process according to any of claims 1 to 6, wherein the introduction of the 35 one or more

alkylene oxides isgegutgiedh Ry cantiRbRIsIMINeASUTINghthafiae akylent-adgaaqneantatisg in the liquid
phase in the ygactor angr%mﬁ)}pg,%@]gggulating the flow of the one or more alkylene oxides introduced in
such a way that the temperature to be expected at the end of a runaway reaction is at least 100 K below

e onset e Ure QG RS iR 18 A0 e LR AR e oxide is ethylene

oxide and/or propylene oxide.

20 4. The process according to any of claims 1 to 3, wherein the basic catalyst is an
alkali metal hydroxide or an alkali metal alkoxide.

5. The process according to claim 4, wherein the basic catalyst is sodium hydroxide
or potassium hydroxide.
25
6. The process according to any of claims 1 to 5, wherein the introduction of the
one or more alkylene oxides into 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
30 alkylene oxide onto the starter alcohol, with the proviso 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 liquid reaction mixture.

7. The process according to any of claims 1 to 6, wherein the introduction of the
35 one or more alkylene oxides is regulated by continuously measuring the free
alkylene oxide concentration in the liquid phase in the reactor and on this basis
regulating the flow of the one or more alkylene oxides introduced in such a way
that the temperature to be expected at the end of a runaway reaction is at least
100 K below the onset temperature of the decomposition reaction of the reaction
40 mixture.



