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Ethoxylate preparation using highly active double metal cyanide catalysts

Subject-matter of the invention:

The invention relates to polyethers preparable in the presence of a DMC catalyst

comprising polyether siloxanes, to processes for preparing the polyethers and to the

use thereof.

Prior art:

The literature discloses numerous processes for preparing polyethers, both in the
form of pure polyethers and with further comonomers. Alongside basic catalysis,
DMC catalysis in particular has also become established for use in alkoxylation.

Advantages of DMC catalysis include the ability to dispense with workup steps and

special properties in the products, for example low polydispersity.

The production and use of double metal cyanide complexes as alkoxylation
catalysts has been known since the 1960s and is outlined in US 3,427,256, US
3427 334, US 3,427,335, US 3,278,457, US 3,278,458 and US 3,278,459 for
example. Among the ever more effective types of DMC catalysts developed further
in the subsequent years and described in US 5,470,813 and US 5,482,908, for
example, a special position is occupied by zinc-cobalt-hexacyano complexes.
Because of their good activity, only low catalyst concentrations are required for

preparation of polyethers.

Polyethers which are prepared proceeding from an OH-functional starter are widely
used. The polyethers obtained therefrom in turn have terminal OH groups. For

example, when butanol, hexanediol or glycerol is used, polyethers having one,
having two or having three chain-terminal hydroxyl groups are formed. The OH

functionality of the polyether, which thus inevitably results from the number of OH
groups in the starter, is an important property feature which determines the use
options for each polyether. Polyethers which are to be crosslinked with isocyanates
in the polyurethane synthesis typically have two, three or more terminal OH
functions. The OH functionality determines the crosslinking density and hence, to a
crucial degree, the material properties in the crosslinked final material. Primary
terminal OH groups are particularly active, and these arise, for example, when the

monomer which is polymerized onto the polymer in a terminal position is an ethylene
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oxide. One of the challenges for DMC catalysis is that the conventional DMC
catalysts are sensitive to small starter alcohols or else small epoxides, for example
ethylene oxide. Such substances can act as a kind of catalyst poison, as a result of

which the activity of the catalyst is distinctly lowered or the catalyst is by no means

rarely entirely deactivated.

Numerous modifications of DMC catalysts have been the subject of research in
recent years. These always involved using surface-active substances in the
preparation of the catalysts. WO 2004/000913 A1, WO 2000/74843 A1 and WO
2000/74845 A1 disclose, for example, processes for preparing multimetal cyanide
compounds using fatty alcohol alkoxylates or block polyethers consisting of
polyoxyethylene and polyoxypropylene blocks, obtainable under the Plurafac® or
Pluronic® brand names (products from BASF SE), and to the use thereof for
preparation of polyether polyols. What is noticeable that the specific examples for
preparation of polyethers with the DMC catalysts described show exclusively
starting of the reaction with propylene oxide.

EP1256596 A1 discloses processes for preparing DMC catalysts containing at least
one surface-active substance. Equally, WO 00/47650 A1 and EP1165658 A1 are
concerned with DMC catalysts containing at least one surface-active substance. In

these cases too, exclusively the reaction of propylene oxide is shown with the DMC

catalysts obtained.

As is well known, DMC catalysts are used, among other reactions, for alkoxylation of
epoxides in particular. This always involves the known epoxides ethylene oxide,
propylene oxide and butylene oxide and others. While the starting of the reaction, as

Is commonly known, can be performed without any problem with propylene oxide
and other epoxides of higher molar masses, there are, however, only few

experimental examples in which a DMC-catalysed alkoxylation is started with pure
ethylene oxide, or pure ethylene oxide-based polyethers are prepared by means of
DMC catalysis. The examples in the above-described documents also show the
starting of the DMC catalyst with propylene oxide. This is because ethylene oxide
acts as a catalyst poison in the majority of the DMC catalysts known from the
iterature, meaning that it blocks the catalyst, and hence the activity of the catalyst
drops severely or stops entirely. It is therefore common practice first to start the
catalysts with an epoxide of good compatibility, for example propylene oxide, and to

add ethylene oxide only later in the reaction.
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Some modified DMC catalysts which at least partly maintain their activity even when
started with ethylene oxide have now also become known to those skilled in the art.
However, the alkoxylation products prepared with these modified DMC catalysts,
especially polyethers, have frequently poor physical properties. In the course of
storage of ethylene oxide-rich polyethers which have been prepared by means of
DMC catalysis, there are frequently phase separations in the product because of
different EO contents in the polyether chains. This inhomogeneity of the ethoxylates
results in only limited usability of the products.

There is therefore still a need for alkoxylation products which, in the case of a high
proportion of comparatively small reactants, for example ethylene oxide, are
homogeneous and do not have any phase separation even after several weeks of

storage time. But at the same time have the positive properties of the DMC-

catalysed alkoxylation products, for example low polydispersity.

The problem addressed by the present invention was that of providing alkoxylation
products which have a high proportion of comparatively small reactants, for example
ethylene oxide, and at the same time are homogeneous and do not have any phase
separation even after several weeks of storage time, but under the condition that the
positive properties of the DMC-catalysed alkoxylation products, for example low
polydispersity, are maintained. A further problem addressed by the invention was
that of distinctly broadening the spectrum of alkoxylation products preparable via

DMC catalysis.

Detailed description:

The aforementioned problem has surprisingly been solved by using DMC catalysts

comprising polyether siloxanes as catalysts in the alkoxylation.

The alkoxylation products of the invention, the process for preparing them, and their
use are described below by way of example, without any intention that the invention
should be confined to these exemplary embodiments. Where reference is made In
what follows to ranges, general formulae or classes of compounds, these shall
encompass not just the corresponding ranges or groups of compounds explicitly
mentioned, but also all sub-ranges and sub-groups of compounds which are
obtainable by extraction of individual values (ranges) or compounds. Where
documents are cited in the context of the present description, the content thereof
shall fully form part of the disclosure content of the present invention particularly in
respect of the substantive matter in the context for which the document was cited.

Percentages referred to hereinbelow are by weight unless otherwise stated.



10

15

20

25

30

35

CA 02941332 2016-08-31

201300054 A -4 -

Averages referred to hereinbelow are number averages, unless otherwise stated.
Where properties of a material are referred to hereinbelow, for example viscosities
or the like, these are the properties of the material measured at 25°C, unless stated

otherwise.

The present invention therefore provides alkoxylation products obtainable by
converting at least one epoxide (A) in the presence of at least one DMC catalyst (B)
comprising

a) one or more double metal cyanide compounds and

b) one or more polyether siloxanes and

c) optionally one or more organic complex ligands other than b),

preference being given to the presence of at least one polyether siloxane of

component b) during the preparation of the double metal cyanide compounds of

component a).

The present invention further provides a process for preparing alkoxylation products
by converting at least one epoxide (A) in the presence of at least one DMC catalyst
(B) comprising

a) one or more double metal cyanide compounds and

b) one or more polyether siloxanes and

c) optionally one or more organic complex ligands other than b),

preference being given to the presence of at least one polyether siloxane of

component b) during the preparation of the double metal cyanide compounds of

component a).

Inventive catalysts (B) preferably correspond to the embodiments described below.
Component a) comprises double metal cyanide compounds which are reaction

products of water-soluble metal salts of component a1) and water-soluble metal

cyanide salts of component a2).
Water-soluble metal salts of component a1) which are suitable for preparation of the

double metal cyanide compounds preferably have the general formula (1)

M(X), formula (1)

where M is selected from the metals Zn(ll), Fe(ll), Ni(ll), Mn(ll), Co(ll), Sn(ll), Pb(ll),
Fe(lll), Mo(lV), Mo(VI), Al(IID, V(V), V(IV), Sr(ll), W(IV), W(VI), Cu(ll) and Cr(lil).
Particular preference is given to Zn(ll), Fe(ll), Co(ll) and Ni(ll). X is identical or

different, preferably identical, anions, preferably selected from the group of the
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halides, hydroxides, sulphates, carbonates, cyanates, thiocyanates, isocyanates,
isothiocyanates, carboxylates, oxalates and nitrates. The value of nis 1, 2 or 3.
Examples of suitable water-soluble metal salts are zinc chloride, zinc bromide, zinc
acetate, zinc acetylacetonate, zinc benzoate, zinc nitrate, iron(Il) sulphate, iron(ll)
bromide, iron(ll) chloride, cobalt(ll) chloride, cobalt(ll) thiocyanate, nickel(ll) chloride
and nickel(ll) nitrate. It is also possible to use mixtures of different water-soluble
metal salts.

Water-soluble metal cyanide salts of component a2) which are suitable for
preparation of the double metal cyanide compounds preferably have the general

formula (ll)

(Y)aM'(CN)o(A)c (1)

where M' is selected from the metals Fe(ll), Fe(lll), Co(ll), Co(lll), Cr(ll), Cr(lll),
Mnd1), Mn(lID), Ir(ill), Ni{l), Rh(lI), Ru(ll), V(IV) and V(V). More preferably, M is
selected from the metals Co(li), Co(lil), Fe(ll), Fe(lll), Cr(ll), Ir(ll) and Ni(ll). The
water-soluble metal cyanide salt may contain one or more of these metals. Y is
identical or different, preferably identical, alkali metal cations or alkaline earth metal
cations. A is identical or different, preferably identical, anions selected from the
group of the halides, hydroxides, sulphates, carbonates, cyanates, thiocyanates,
isocyanates, isothiocyanates, carboxylates, oxalates and nitrates. Both a and b and
c are integers, where the values of a, b and c are chosen so as to give electronic
neutrality of the metal cyanide salt; a is preferably 1, 2, 3 or 4; b is preferably 4, 5 or
6; ¢ preferably has the value of 0.

Examples of suitable water-soluble metal cyanide salts are potassium

hexacyanocobaltate(lll), potassium hexacyanoferrate(ll), potassium

hexacyanoferrate(lll), calcium hexacyanocobaltate(lll) and lithium
hexacyanocobaltate(lll). Preferred double metal cyanide compounds of component

a) are compounds of the general formula (lll)

MX[M’X‘(CN)V]Z (I | I)

in which M is as defined in formula (1) and M' as in formula (Il), and x, X', y and z are
integers and are chosen so as to give electronic neutrality of the double metal
cyanide compound. Preferably, x is 3, x'is 1, yis 6 and z is 2, M is Zn(ll), Fe(ll),
Co(l}) or Ni(ll) and M" is Co(lll), Fe(tll), Cr(lll) or Ir(t).
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Examples of suitable double metal cyanide compounds of component a) are Zinc
hexacyanocobaltate(lll), zinc hexacyanoiridate(lll), zinc hexacyanoferrate(lll) and
cobalt(ll) hexacyanocobaltate(lll). Further examples of suitable double metal cyanide

compounds can be found, for example, in US-A 5158922. Particular preference Is

given to using zinc hexacyanocobaltate(lll).

The polyether siloxane of component b) used may in principle be any polyether
siloxane. Polyether siloxanes in the context of this invention are all compounds
which contain both a siloxane component and a polyether component. As has been
found, the inventive alkoxylation products which have been prepared using DMC
catalysts (B) containing a polyether siloxane of component b) are homogeneous and
exceptionally storage-stable, even when they are pure ethylene oxide polyethers or
polyethers which have been started with pure ethylene oxide. It has been found that
stable alkoxylation products are produced especially by those inventive DMC
catalysts (B) in which the calculated mean molar mass of the polyether siloxane Is
from 300 to 50 000 g/mol, preferably from 500 to 30 000 g/mol, more preferably from
600 to 10 000 g/mol, and/or, preferably and, the polyether siloxane has a weight
ratio of siloxane component to polyether component of 1:1 to 1:10, preferably 1:1.2
to 1:8, more preferably from 1:1.5 to 1:5, and especially preferably from 1:1.8 to 1:3,
based on the calculated mean molar mass of the polyether siloxane. In other words,
the quotient which is formed from the calculated mean molar mass of the siloxane
component divided by the calculated mean molar mass of the polyether component
is from 0.1 to 1, preferably from 0.2 to 0.9, more preferably from 0.4 to 0.6.

The calculated mean molar mass in the context of this invention is determined as
follows: Both a %°Si NMR and a 'H NMR of the polyether siloxane used are

measured. The °Si NMR gives the proportions of M, D, T and Q units. The Sj
NMR likewise shows whether and how many M and D units of the siloxane are

substituted by polyether or other groups. The data thus obtained are used to
calculate the molar mass of the siloxane component. Analogously, the 'H NMR is
used to determine the proportions of the different alkylene oxides in the polyether
component and the proportions of the starters. The data thus obtained are used to
calculate the molar mass of the polyether component. The two contents give the
calculated mean molar mass of the polyether siloxane. ?°Si NMR and 'H NMR are
measured in CDCl, as solvent. Alternatively, especially if individual polyether
siloxanes should be too complex to calculate their mean molar mass by the above-
described method, it is also possible prior to the preparation of the polyether

siloxane to determine the polyether by 'H NMR prior to the reaction with the
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siloxane and to calculate its mean molar mass, and to determine the siloxane by *°Si
NMR prior to the reaction with the polyether and to calculate its mean molar mass.
The calculated mean molar masses of the two polyether and siloxane starting
materials can be used by the person skilled in the art to calculate the mean molar
mass of the polyether siloxane product.

To calculate the weight ratio, all polyether radicals up to the binding site to the S
atom (R? in formula 1V) are counted fully as part of the polyether component, and
the siloxane skeleton with all the further substituents is counted as part of the
siloxane component. Polyether siloxanes having the described weight ratios
between polyether component and siloxane component lead to very particularly
outstanding DMC catalysts (B) which lead to particularly homogeneous and storage-
stable alkoxylation products compared to the modified DMC catalysts known in the
prior art or to those modified with components b) other than those defined here. |t
may be particularly advantageous if, as well as the polyether siloxane, a proportion,
preferably greater than 0 to 2 molar equivalents, based on the polyether siloxane, of
pure polyether is present, corresponding in terms of structure essentially to the

polyether component of the polyether siloxane.

Particular preference is given to polyether siloxanes of component b) which
comprise polydialkylsiloxanes, especially polydimethylsiloxanes, which have 1 to
100 and preferably 1 to 60 D siloxane units and in which the alkyl group, especially
the methyl group, at one position has been exchanged for a polyether having 2 to 50
and preferably 3 to 20 alkylene oxide units, preferably ethylene oxide units. In
addition, it is preferable when the polyether bears an OH group at the free end (i.e.
not the end at which it is bonded to the siloxane).

Preferred polyether siloxanes of component b) correspond to the formula (1V)

IIv‘d M,d1 De D,e1 D”ez Tf Qg

(formula V)

where

M = (R13 Si Oqp2)
M =(R°R',Si Oyp)
= (R12 Si Oyp)

= (R°R" Si Oyp)
= (R*R" Si Oy)
= (R3 St Ogzpp)
=

D
D’
D®
T
Q S1 Oyp2)
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d = 0 to 20:; preferably 1 to 10, more preferably 1 to 5 and especially
preferably 2;

d1 = 0to 20; preferably 1 to 10, more preferably O to 2; especially preferably
O;

where the sum total of d and d1 is preferably 2;

e = 0 to 300; preferably 1 to 100, more preferably 2 to 40, especially
preferably O to 20;

el = 0 to 25; preferably 0.1 to 15, more preferably 1 to 10, especiaily
preferably 1 to 5;

e2 = 0to 10; preferably 1 to 5, especially preferably O;

f = 0 to 10; preferably 1 to 5, especially preferably O;

g = 0 to 10; preferably 1 to 5, especially preferably O;

with the proviso that
the sum total of d1 and e1 is greater than 0, preferably greater than or equal to

1;

R' is independently hydrogen or identical or different linear or branched
hydrocarby! radicals having 1 to 30 carbon atoms or else aromatic hydrocarbyl
radicals having 6 to 30 carbon atoms, preferably methyl or phenyl, especially
methyl,

R’ is independently identical or different polyethers, where the polyethers may
have side chains which may optionally also be substituted by further
heteroatoms, R? preferably being selected from the group consisting of
-(O)-CH,-CH,-CH,-0O-(CH,-CH,0-)-(CH,-CH(R')O-)-(CH(R')-CH20-)¢-R"

(formula V) and
-(O)p-CH,-CH,-0O-(CH»-CH,0-)i-(CH,-CH(R")O-)¢-(CH(R')-CH20-)-R"

(formula VI)
-(O)n-(CH2-CH20-);(CH2-CH(R')O-)i-(CH(R')-CHZ0-)¢-R"

(formula VII)

where
h is 0 or 1, preferably O,
j is 0 to 100, preferably greater than 0 to 50, more preferably 2 to 20,

especially 3 to 10,
k+k‘= 0to 100, preferably greater than 0 to 50, especially 2 to 20, especially

0,
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with the proviso that the sum total of j, k and k' is at least 3 and the units

having the indices j, k and k' are arranged in any sequence with respect to one

another, i.e. in blockwise or random distribution, in the R? radical,

R' is independently an optionally substituted (substituted, for example, by
alkyl radicals, aryl radicals or haloalkyl or haloalkylaryl radicals) alkyl or
aryl group having 1 to 12 carbon atoms, preferably ethyl or methyl,
especially methyl, and

R" is independently a hydrogen radical or an alkyl or alkylene group having
1 to 4 carbon atoms, a -C(O)-R"™ group with R"™ = alkyl radical, a -
CH,C(Q)-CH,C(0)-R' group, an alkylaryl group, for example a benzyl
group, the -C(O)NH-R' group, R" preferably being a hydrogen radical,

R® s independently identical or different R' or R? radicals, preferably R', more
preferably methyl or phenyl, especially methyl;

R* is independently identical or different organic radicals having more than 3
carbon atoms, preferably having 4 to 30 and more preferably having 4 to 20
carbon atoms, with the proviso that R* is different from R?, R* preferably being
selected from -CH,(CH,),CH,-O-CHx(CHOCH,), where (CHOCH,) Is an
epoxide ring, -CH,(CH2),C(O)O-CH;, -CH2(CH2),CH20H, -CH,(CH2),CHa-O-
CH,CH(OH)CH,CHy(OH) with n = 0 to 20, preferably 1 to 10.

The polyethers may be bonded to the siloxane skeleton either via an Si-O-C or via

an Si-C bond. Preferably, in the context of this invention, the Si-C compound IS

obtained, for example, as the product of the hydrosilylation. In formula (1V), the R?

radical with h = 1 is an Si-O-C bond and the preferred h = 0 an Si-C bond. Of very

particularly outstanding suitability in accordance with the invention are polyether

siloxanes of component b) according to formula (IV) with d = 2, d1 =0, e = 0 to 40,

el =11to05, e2, fand g =0, R' = methyl, R? = (formula V), (formula VI) and/or

(formula VII) with h = 0, j = 3 to 20, k = 0 to 20, preferably 0, R’ = methyl or ethyl and

R” = hydrogen.

According to the invention, it is possible to use all polyether siloxanes obtainable.

DMC catalysts (B) which, according to present invention, contain polyether

siloxanes of component b), when used as catalyst, for example in alkoxylations of

epoxides, have astonishingly short induction periods and exhibit very good
reactivities. Moreover, the catalyst activity thereof is not adversely affected in the
case of conversion of high proportions of ethylene oxide or of pure ethylene oxide,
especially even right at the start of the reaction. The examples show advances that
are astonishing here in the catalyst according to the invention, for example

compared to DMC catalysts known from the prior art which have been modified with
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other surface-active substances, for example with reaction products of fatty alcohols
with alkylene oxides. The inventive catalysts (B) thus firstly lead to alkoxylation
products having considerable advantages in relation to stability and homogeneity,

and the reaction secondly proceeds much more quickly and effectively.

Organic complex ligands of component ¢) which may be present in the inventive
catalysts (B) are water-soluble organic compounds having heteroatoms, such as
oxygen, nitrogen, phosphorus or sulphur, which can form complexes with the double
metal cyanide compound. Suitable organic complex ligands are, for example,
alcohols, aldehydes, ketones, ethers, esters, amides, ureas, nitriles, sulphides and
mixtures thereof. Preferred organic complex ligands are water-soluble aliphatic
alcohols such as ethanol, isopropanol, n-butanol, isobutanol, sec-butanol and tert-

butanol. Particular preference is given to tert-butanol.

If desired, the inventive catalysts (B) may include, as a further component d), further
complex-forming components other than b) and c). Preferably, the complex-forming
component d) is a component selected from polyethers, polyesters, polycarbonate,
glycidyl ethers, glycoside, carboxylic esters of polyhydric alcohols, polyalkylene
glycol sorbitan esters, gallic acid, salts of gallic acid, esters of gallic acid, amide ot
gallic acid, cyclodextrins, organic phosphate, phosphite, phosphonate, phosphonite,
phosphinate or phosphinite, an ionic surface- or interface-active compound and an
a,B-unsaturated carboxylic ester. Particular preference is given to polyethers,
especially preferably polyethylene glycols or polypropylene glycols, polyethylene
glycol and polypropylene glycol ethers, poly(oxyethylene)-co-poly(oxypropylene),
poly(oxyethylene)-co-poly(oxypropylene) ethers.

A preferred embodiment of the present invention is therefore processes for
preparing alkoxylation products and alkoxylation products obtainable by converting
at least one epoxide (A) in the presence of at least one DMC catalyst (B) comprising

a) one or more double metal cyanide compounds and

b) one or more polyether siloxanes and

c) one or more organic complex ligands other than b),

d) one or more complex-forming components other than b) and c), preferably

polyethers,
preference being given to the presence of at least one polyether siloxane of
component b) during the preparation of the double metal cyanide compounds of

component a).
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In a further-preferred embodiment of the present invention, the DMC catalysts (B)

used for alkoxylation comprise
a) one or more double metal cyanide compounds selected from zinc

5 hexacyanocobaltate(lll), zinc hexacyanoiridate(lll), zinc hexacyanoferrate(ll)
and cobalt(ll) hexacyanocobaltate(iil),
b) one or more polyether siloxanes,
c) one or more organic complex ligands other than b), selected from aliphatic
alcohols,

10 d) optionally one or more complex-forming components other than b) and c),
selected from polyethers, polyesters, polycarbonate, glycidyl ethers,
glycoside, carboxylic esters of polyhydric alcohols, polyalkylene glycol
sorbitan esters, gallic acid, salts of gallic acid, esters of gallic acid, amide of
gallic acid, cyclodextrins, organic phosphate, phosphite, phosphonate,

15 phosphonite, phosphinate or phosphinite, an ionic surface- or interface-active
compound and an a,B-unsaturated carboxyilic ester,

preference being given to the presence of at least one polyether siloxane of

component b) during the preparation of the double metal cyanide compounds of

component a).
20
In a very particularly preferred embodiment of the present invention, the DMC
catalysts (B) comprise
a) a double metal cyanide compound selected from  zinC
hexacyanocobaltate(lll), zinc  hexacyanoferrate(ll) and  cobali(ll)
25 hexacyanocobaltate(lll) and
b) one or more polyether siloxanes, preferably of the formula (IV) in which,
preferably, the calculated mean molar mass of the polyether siloxane is from
500 to 30 000 g/mol, and the polyether siloxane has a weight ratio of
siloxane component to polyether component of 1:1 to 1:10, preferably 1:1.2
30 to 1:8, more preferably from 1:1.5 to 1:5 and especially preferably from 1:1.8
to 1:3, based on the calculated mean molar mass of the polyether siloxane,
more preferably withd =2,d1=0,e=0t040,e1=11t05,e2, fand g =0,
R' = methyl, R? = (formula V), (formula V1) and/or (formula VII) with h =0, j =
3 t0 20, k = 0 to 20, preferably 0, R’ = methyl or ethyl and R” = hydrogen;
35 c) one or more aliphatic alcohols, preferably tert-butanol, and

d) optionally one or more polyethers, preferably polyethylene glycols or

polypropylene glycols,
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preference being given to the presence of at least one polyether siloxane of
component b) during the preparation of the double metal cyanide compounds of

component a).

Most preferably, all the aforementioned embodiments of the catalyst (B) are
obtainable by reaction of water-soluble metal salts with water-soluble metal cyanide
salts to give double metal cyanide compounds of component a), the reaction being
effected in the presence of at least one polyether siloxane of component b).
Preferably, the catalysts (B) are obtainable by reacting water-soluble metal salits of
component a1), especially of the formula (1), with water-soluble metal cyanide salts
of component a2), especially of the formula (ll), in the presence of at least one
polyether siloxane of component b), especially of the formula (1V). It has been found
that, surprisingly, the presence of at least one polyether siloxane of component b)
during the preparation of the double metal cyanide compounds of component a) is
crucial to the excellent properties of the catalyst. It has been shown in extensive
studies that subsequent addition of polyether siloxanes to DMC catalysts described
In the prior art, or to DMC catalysts available on the market, cannot achieve the

results achieved by the DMC catalysts according to the invention.

Inventive epoxides (A) preferably correspond to the embodiments described below.
The epoxide (A) used may in principle be any epoxide. Preferably, the epoxides (A)
correspond to one or more epoxides selected from the alkylene oxides, glycidyl
ethers and epoxy-substituted alkoxysilanes. More preferably, the epoxides (A)
correspond to one or more epoxides selected from ethylene oxide, propylene oxide,
1,2~ or 2,3-butylene oxide, isobutylene oxide, 1,2-dodecene oxide, styrene oxide,
cyclohexene oxide, vinylcyclohexene oxide, allyl glycidyl ether, butyl! glycidyl ether,
2-ethylhexyl glycidyl ether, cyclohexyl glycidyl ether, benzyl glycidyl ether, C12/C14
fatty alcohol glycidyl ether, phenyl glycidyl ether, p-tert-butylphenyl glycidyl ether, o-
cresyl glycidyl ether, glycidyl methacrylate, glycidyl acrylate, glycidyl neodecanoate,
1,2-ethyl glycidyl ether, 1,4-butyl glycidyl ether, 1,6-hexyl diglycidyl ether, 3-
glycidyloxypropyltrimethoxysilane, 3-glycidyloxypropyltriethoxysilane, 3-
glycidyloxypropyltripropoxysilane,  3-glycidyloxypropyltriisopropoxysilane,  bis(3-
glycidyloxypropyl)dimethoxysilane, bis(3-glycidyloxypropyl)diethoxysilane, 3-
glycidyloxyhexyltrimethoxysilane, 3-glycidyloxyhexyltriethoxysilane, 3-
glycidyloxypropylmethyldimethoxysilane and/or 3-
glycidyloxypropylethyldiethoxysilane. More preferably, the at least one epoxide (A) is

ethylene oxide. More preferably, in the process according to the invention, and in
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order to obtain the inventive products, at least 20 mol% of ethylene oxide, preferably
at least 30 mol%, more preferably at least 40 moi%, especially preferably at least 50
mol% and most preferably at least 60 mol% of ethylene oxide, based on the total
molar amount of epoxide (A), is used as epoxide (A). In the case of the alkoxylation
products having high proportions of ethylene oxide, the advantages of homogeneity
and exceptionally high storage stability are manifested to a quite exceptional
degree.

Most preferably, in the process according to the invention by which the inventive
alkoxylation products are obtained, in a first step, DMC catalyst (B) is reacted with
ethylene oxide, preferably in the presence of starter (C) (definition of the starters (C)
to follow), and, in a second step and optionally further steps, ethylene oxide and/or
further epoxides (A) other than ethylene oxide are added. It is more preferable if, in
a last reaction step, after all the epoxides (A) present in the reaction mixture have
been very substantially converted in the reaction (the person skilled in the art can
generally estimate the progress of the reaction by monitoring the pressure), pure
ethylene oxide is added once again as the sole epoxide (A). The alkoxylation
products thus obtained have at least one ethylene oxide unit at each chain end.
These ethylene oxide units each still have a free primary OH group which Is

distinguished in a positive manner by a particularly high reactivity.

In processes according to the invention for preparing alkoxylation products and
alkoxylation products obtainable by this process, OH-functionalized starters (C) are
preferably used in addition to epoxides (A) and DMC catalysts (B). Starters (C) used
may in principle be any compound which bears at least one OH group and does not
poison, i.e. deactivate, the DMC catalyst. In principle, it is possible, for example, to

use any aliphatic alcohol having at least 3 carbon atoms for this purpose, and

ikewise aromatic alcohols, where the aforementioned compounds may be provided
with further functional groups, provided that they do not adversely affect the catalyst
activity, or else any kind of polyether of any length, and also polymers based on
other monomers which bear at least one OH function. Preferred starters (C) are
selected from the group of the alcohols having at least 3 carbon atoms, the
polyetherols and the phenols. Particularly preferred starters (C) are selected from
the group of allyl alcohol, butanol, octanol, dodecanol, stearyl alcohol, 2-
ethylhexanol, cyclohexanol, benzyl alcohol, ethylene glycol, propylene glycol, di-, tri-
and polyethylene glycol, 1,2-propylene glycol, di- and polypropylene glycol, butane-
1,4-diol, hexane-1,6-diol, trimethylolpropane, glycerol, pentaerythritol, sorbitol,

compounds derived from hydroxyl-bearing compounds based on natural products,
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or polyetherols having a molar mass of 200 to 5000 g/mol. The starters (C)
preferably have a molar mass of 32 to 5000 g/mol, especially 58 to 4983 g/mol. It
may be advantageous when the starters (C) have from 0 to 7 and preferably from 1
to 3 hydroxyl groups.

Preferably, low molecular weight polyetherols having 1 to 8 hydroxyl groups and
weight-average molar masses of 100 to 5000 g/mol, which have themselves
preferably been prepared beforehand by DMC-catalysed alkoxylation or by alkaline
catalysis, are used as starter compounds. Particularly suitable are polypropylene
glycols, polyethylene glycols, poly(ethylene-co-propylene) glycols, polybutylene
glycols, poly(propylene-co-butylene) glycols and poly(butylene-co-ethylene) glycols,
each having at least one OH group. Of these polyalkylene glycols, advantageous
compounds are especially those which derive from methanol, butanol, allyl alcohol,

octanol, decanol, dodecanol, butanediol, hexanediol and glycerol.

In processes according to the invention for preparing alkoxylation products ana
alkoxylation products obtainable by this process, it is additionally possible to use
further monomers (D) in addition to epoxides (A), DMC catalysts (B) and any OH-
functionalized starters (C). Further monomers (D) used may In principle be any
monomers suitable for alkoxylation with epoxides (A). Examples of such compounds
are dicarboxylic acids, carbon dioxide, cyclic anhydrides, lactones, for example ¢-

caprolactone, O0-valerolactone.

The molar mass Mw of the inventive alkoxylation products is variable over wide
ranges. Preferably, the molar mass Mw of the inventive alkoxylation products is from
200 to 50 000 g/mol, preferably from 400 to 25 000 g/mol and more preferably from

600 to 15 000 g/mol.
Preferred alkoxylation products have at least 30 to 100 mol%, preferably 40 to 90

mol%, of ethylene oxide, based on the total amount of alkylene oxides used, i.e.
based on the total molar amount of the epoxides (A). It is a feature of the

alkoxylation products prepared in accordance with the invention that the amount of
ethylene oxide is distributed homogeneously over all the alkoxylation products and
the deviation in the ethylene oxide content of each individual alkoxylation product is
less than 10% by weight, especially less than 6% by weight, in relation to the weight
average of ethylene oxide over all the alkoxylation products which have been
prepared in a reaction. This is likewise shown in that the individual alkoxylation
products, in relation to all the alkoxylation products which have been prepared in a

reaction, deviate in their proportion of ethylene oxide by less than 5 mol, especially
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less than 3 mol, from the molar proportion of ethylene oxide averaged over all the
alkoxylation products which have been prepared in a reaction. In mol%, this means
that the ethylene oxide content of each individual alkoxylation product deviates by
less than 30 mol%, especially less than 25 mol% and most preferably less than 20
mol% from the mean molar proportion of ethylene oxide in relation to the molar
proportion of ethylene oxide averaged over all the alkoxylation products which have
been prepared in a reaction. Alkoxylation products which have been prepared with
DMC catalysts without polyether siloxane, in contrast, have much greater deviations
of at least 50 mol% in relation to the molar proportion of ethylene oxide averaged
over all the alkoxylation products which have been prepared in a reaction. The effect
of this is that the alkoxyiation products which have not been prepared in accordance
with the invention are not storage-stable, and phase separation of the product
occurs even after a short time. Alkoxylation products prepared in accordance with
the invention. in contrast, are homogeneous, meaning that they are sufficiently
similar in terms of the structure of the individual alkoxylation products that no phase

separation occurs even on storage for several weeks.

Preferred processes according to the invention for preparing the alkoxylation
products comprise the steps described hereinafter.

To start the alkoxylation reaction in the process according to the invention, the
starting mixture comprising, preferably consisting of, one or more OH-functional
starters (C) and the DMC catalyst (B), which optionally has been suspended
beforehand in a suspension medium, is preferably charged to the reactor.
Suspension media utilized may be either a polyether or inert solvents or else,
advantageously, one or more starters (C), or alternatively a mixture of the

components mentioned. At least one epoxide (A), preferably ethylene oxide, Is
metered into the initially charged starter mixture. To start the alkoxylation reaction

and to activate the DMC catalyst (B), usually only a portion of the total amount of
epoxide (A) to be metered in is initially added. The molar ratio of epoxide (A) to OH
groups in the starter (C) in the starting phase is preferably 0.1 to 10:1, more
preferably 0.2 to 5:1, especially 0.4 to 3:1. It may be advantageous if, before the
epoxide is added, any reaction-inhibiting substances that may be present are

removed from the reaction mixture, by means of distillation, for example.

The catalyst concentration of the catalyst (B) in the reaction mixture comprising
epoxide (A) and any further compounds is preferably > 0 to 2000 ppmw (ppm by

mass), more preferably 30 to 500 ppmw, based on the total mass of the reaction
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mixture. The catalyst is preferably metered into the reactor only once. The amount
of catalyst should preferably be set such that sufficient catalytic activity is provided

for the process. The catalyst may be metered in as solid or in the form of a catalyst

suspension.

The start of the exothermic reaction may be detected by monitoring pressure and/or
temperature for example. In the case of gaseous alkylene oxides, a sudden drop In
pressure in the reactor indicates that the alkylene oxide is being incorporated, that
the reaction has thus started and that the end of the start phase has been reached.
In the case of non-gaseous glycidyl ethers/esters or epoxy-functional alkoxysilanes,
the onset of the reaction is indicated by the enthalpy change which occurs.

After the starting phase, in other words after initialization of the reaction, it Is
preferable to meter in either further starter (C) and further epoxide (A) at the same
time, or only further epoxide (A), depending on the target molar mass. Alternatively,
it is also possible to add any desired mixture of different epoxides (A). The epoxides
(A) usable in accordance with the invention can also be added successively in any
sequence. The reaction may be performed in an inert solvent, for example to reduce
the viscosity of the reaction mixture. Suitable inert solvents include hydrocarbons,
especially toluene, xylene or cyclohexane. In the products of the invention, the molar
ratio of the sum of the metered epoxides, including the epoxides already added In
the starting phase, based on the starting compound employed, more particularly
based on the number of OH groups in the starting compound employed, is
oreferably 1 to 10%:1, more particularly 1 to 10%:1.

The addition of the epoxide compounds occurs preferably at a temperature of 60 to
250°C, more preferably at a temperature of 90 to 160°C. The pressure at which the
alkoxylation takes place is preferably 0.02 bar to 20 bar, more preferably 0.05 to
10 bar and more particularly from 0.2 to 2 bar absolute. By carrying out the
alkoxylation at sub-atmospheric pressure it is possible to implement the reaction
very safely. The alkoxylation may optionally be carried out in the presence of an
inert gas (e.g. nitrogen) or — for producing polyethercarbonates — in the presence of
carbon dioxide in this case also at a positive pressure of from preferably 1 to 20 bar
absolute.

In the process according to the invention, it is possible to use further monomers (D).
The lactones or cyclic anhydrides of the monomers (D) usable for the preparation of
ester-modified polyethers may either be added to the starter/catalyst mixture as

early as in the start phase or introduced at a later juncture, in parallel with the
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metered addition of epoxide. The comonomers mentioned can also each be
metered into the reactor in alternating succession with epoxides (A).

The molar ratio of the epoxide monomers (A) to cyclic anhydrides of the monomers
(D) is variable. Based on anhydrides, at least equimolar amounts of epoxide
monomers (A) are typically used. Preference is given to using the epoxides (A) in a
molar excess in order to ensure full anhydride conversion. Lactones of the
monomers (D) may be added during the alkoxylation either in stoichiometric
deficiency or excess based on the epoxide monomers (A). For preparation of
carbonate-modified polyethers, the alkoxylation takes place in the presence either of
carbon dioxide in gaseous form or of solid carbon dioxide supplied in the form of dry
ice. Preference is given to using carbon dioxide gas which can be supplied either
before the start of the reaction, i.e. during the initialization stage, to the system
composed of starter (C) and DMC catalyst (B), or else during the subsequent phase
of the feeding of epoxide monomers and any further comonomers (D). In order to
increase the carbonate content in the end product, it is advantageous, In
accordance with the carbon dioxide consumption, recognizable by the pressure
decrease in the autoclave, to meter in further carbon dioxide continuously or In
portions in the course of the conversion. The reaction is preferably accomplished at
pressures of less than 100 bar, more preferably at less than 20 bar.

After the monomer addition and any post-reaction to complete the monomer
conversion of the epoxides (A) and the monomers (D), any residues of unreacted
monomers (A) and (D) and any further volatile constituents are removed, typically by
vacuum distillation, gas stripping or other deodorization methods. Volatile secondary
components may be removed either batchwise or continuously. In the DMC

catalysis-based process according to the invention, filtration may normally be

eschewed.

The process steps may be performed at identical or different temperatures. The
mixture of starter (C), DMC catalyst (B) and any suspension medium that is initially
charged into the reactor to start the reaction may be pretreated by stripping
according to the teaching of WO 98/52689 before metered addition of epoxide
monomer (A) and any further monomers (D) is commenced. This comprises
admixing an inert gas with the reaction mixture via the reactor feed and removing
relatively volatile components from the reaction mixture by application of negative
pressure using a vacuum plant connected to the reactor system. In this simple
fashion, substances which may inhibit the catalyst, such as lower alcohols or water

for example, can be removed from the reaction mixture. The addition of inert gas
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and the simultaneous removal of the relatively volatiie components may be
advantageous particularly at reaction start-up, since the addition of the reactants, or

secondary reactions, may also introduce inhibiting compounds into the reaction

mixture.

The subject-matter of the present invention is elucidated in detail hereinafter with
reference to examples, without any intention that the subject-matter of the invention

be restricted to these illustrative embodiments.

Examples:

Chemicals used:

Zinc chloride (= 98%) and potassium hexacyanocobaltate(lll) were purchased from
Sigma-Aldrich. tert-Butanol (2 99%) was purchased from Carl Roth. Double metal
cyanide catalyst (ARCOL) was purchased from Bayer AG. Pluronic® 6100 block
polyether was purchased from BASF. Propylene oxide and ethylene oxide were
purchased from GHC Gerling, Holz & CO Handels GmbH.

GPC measurements:

GPC measurements for determining the polydispersity and weight-average molar
masses Mw were carried out under the following measurement conditions: Column
combination SDV 1000/10 000 A (length 65 cm), temperature 30°C, THF as mobile
phase, flow rate 1 mlI/min, sample concentration 10 g/I, Rl detector, evaluation of the

polyethers was carried out against polypropylene glycol standard (76-6000 g/mol).

Determination of the ethylene oxide content in the polyether:
The determination of the EO content was carried out with the help of '"H NMR

spectroscopy. A NMR spectrometer of the Bruker Avance 400 type was used, the

samples were dissolved for this in CDCls.

Determination of OH number:

Hydroxyl numbers were determined according to the method DGF C-V 17a (53) of
the Deutsche Gesellschaft fur Fettwissenschaft [German Society for Fat Science].
This involved acetylating the samples with acetic anhydride in the presence of
pyridine and determining the consumption of acetic anhydride by titration with 0.5 N

potassium hydroxide solution in ethanol using phenolphthalein.
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The centrifuge used is the 4-15 model from Sigma Laborzentrifugen GmbH.
Parameter settings:

Speed: 8000 min™’

Centrifugation time: 20 min

RCF . 10375

In the examples which follow, by way of example, polypropylene glycol (PPG)

having a molar mass Moy = 765 g/mol, which was determined via the OH number,

was used as complex-forming component d).
Example A: Preparation of the double metal cyanide catalysts:

Example A1: Comparative example without additive

A multineck flask with a precision glass paddle stirrer, reflux condenser, inert gas
inlet and temperature sensor was initially charged with 3.68 g of potassium
hexacyanocobaltate(lll) dissolved in 40 ml of distilled water, and the mixture was
heated to 50°C under a nitrogen atmosphere. Separately, a solution of 13.63 g of
zinc chloride and 20 ml of tert-butanol in 100 ml of distilled water was prepared and
added dropwise by means of a dropping funnel to the initially charged solution within
about one hour. Subsequently, a further solution consisting of 3.5 g of PPG, 1 ml of
distilled water and 20 ml of tert-butanol was added dropwise to the reaction mixture.
After a continued stirring period of 10 minutes, the suspension formed was filtered.
The filtercake was slurried in the flask in a solution of 40 ml of distilled water and 80
ml of tert-butanol, filtered again, washed with the abovementioned tert-butanol/water
mixture and then dried at 70°C in a drying cabinet overnight. The product obtained

was 4.93 g of white powder which was stored over CaCl, in a desiccator.

Example A2: DMC preparation using a polyether siloxane having siloxane
component 36% by weight and polyether component 64% by weight

A multineck flask with a precision glass paddle stirrer, reflux condenser, inert gas
inlet and temperature sensor was initially charged with 3.68 g of potassium
hexacyanocobaltate(lll) dissolved in 40 ml of distilled water, and the mixture was
heated to 50°C under a nitrogen atmosphere. Separately, a solution of 13.63 g of
zinc chloride, 20 mi of tert-butanol and 1 g of a polyether siloxane having siloxane
component 36% by weight and polyether component 64% by weight in 100 ml of
distilled water was prepared and added dropwise by means of a dropping funnel to

the initially charged solution within about one hour. Subsequently, a further solution
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consisting of 3.5 g of PPG, 1 ml of distilled water, 1 g of a polyether siloxane having
siloxane component 36% by weight and polyether component 64% by weight and 20
m! of tert-butanol was added dropwise to the reaction mixture. After a continued

stirring period of 10 minutes, the suspension formed was filtered. The filtercake was
slurried in the flask in a solution of 40 ml of distilled water and 80 ml of tert-butanol,
filtered again, washed with the abovementioned tert-butanol/water mixture and then
dried at 70°C in a drying cabinet overnight. The product obtained was 5.18 g of

white powder which was stored over CaCl, in a desiccator.

Example A3: Comparative Example 3 (DMC preparation using Pluronic 6100)

A multineck flask with a precision glass paddle stirrer, reflux condenser, Iinert gas
inlet and temperature sensor was initially charged with 3.68 g of potassium
hexacyanocobaltate(lll) dissolved in 40 ml of distilled water, and the mixture was
heated to 50°C under a nitrogen atmosphere. Separately, a solution of 13.63 g of
zinc chloride, 20 ml of tert-butanol and 1 g of Pluronic 6100 in 100 ml of distilled
water was prepared and added dropwise by means of a dropping funnel to the
initially charged solution within about one hour. Subsequently, a further solution
consisting of 3.5 g of PPG, 1 ml of distilled water, 1 g of Pluronic 6100 and 20 ml of
tert-butanol was added dropwise to the reaction mixture. After a continued stirring
period of 10 minutes, the suspension formed was filtered. The filtercake was slurried
in the flask in a solution of 40 ml of distilled water and 80 mi of tert-butanol, filtered
again, washed with the abovementioned tert-butanol/water mixture and then dried at
70°C in a drying cabinet overnight. The product obtained was 4.8 g of white powder

which was stored over CaCl, in a desiccator.

Example A4: DMC preparation using a polyether siloxane having siloxane
component 32% by weight and polyether component 68% by weight

A multineck flask with a precision glass paddle stirrer, reflux condenser, inert gas
inlet and temperature sensor was initially charged with 3.68 g of potassium
hexacyanocobaltate(lll) dissolved in 40 ml of distilled water, and the mixture was
heated to 50°C under a nitrogen atmosphere. Separately, a solution of 13.63 g of
zinc chloride, 20 ml of tert-butanol and 1 g of a polyether siloxane having siloxane
component 32% by weight and polyether component 68% by weight in 100 ml of
distilled water was prepared and added dropwise by means of a dropping funnel to
the initially charged solution within about one hour. Subsequently, a further solution
consisting of 3.5 g of PPG, 1 ml of distilled water, 1 g of a polyether siloxane having

siloxane component 32% by weight and polyether component 68% by weight and 20



10

15

20

25

30

35

CA 02941332 2016-08-31

201300054 A - 21 -

ml of tert-butanol was added dropwise to the reaction mixture. After a continued
stirring period of 10 minutes, the suspension formed was filtered. The filtercake was
slurried in the flask in a solution of 40 ml of distilled water and 80 ml of tert-butanol,

fitered again, washed with the abovementioned tert-butanol/water mixture and then
dried at 70°C in a drying cabinet overnight. The product obtained was 4.69 g of

white powder which was stored over CaCl, in a desiccator.

Example A5: Comparative Example 2 (ARCOL treated with a polyether siloxane
having siloxane component 32% by weight and polyether component 68% by
weight)

A multineck flask with a precision glass stirrer, reflux condenser, inert gas inlet and
temperature sensor was charged with 0.5 g of ARCOL catalyst in a solution of 0.5
m! of distilled water, 10 ml of tert-butanol and 2 g of a polyether siloxane having
siloxane component 32% by weight and polyether component 68% by weight, and
the mixture was stirred at RT for 60 min. The suspension formed was filtered. The
filtercake was dried at 70°C in a drying cabinet overnight. The product obtained was

0.552 g of white powder which was stored over CaCl, in a desiccator.

Example A6: DMC preparation using a polyether siloxane having siloxane
component 32% by weight and polyether component 68% by weight only in PPG
solution

A multineck flask equipped with a precision glass paddle stirrer, reflux condenser,
inert gas inlet and temperature sensor was initially charged with 3.32 g of potassium
hexacyanocobaltate(lll) dissolved in 40 ml of distilled water, and the mixture was
heated to 50°C under a nitrogen atmosphere. Separately, a solution of 13.63 g of

zinc chloride and 20 ml of tert-butanol in 100 ml of distilled water was prepared and
added dropwise by means of a dropping funnel to the initially charged solution within

about one hour. Subsequently, a further solution consisting of 3.5 g of PPG, 1 ml of
distiled water, 1 g of a polyether siloxane having siloxane component 32% by
weight and polyether component 68% by weight and 20 ml of tert-butanol was
added dropwise to the reaction mixture. After a continued stirring period of 10
minutes, the suspension formed was filtered. The filtercake was slurried in the flask
in a solution of 40 ml of distilled water and 80 ml of tert-butanol, filtered again,
washed with the abovementioned tert-butanol/water mixture and then dried at 70°C

in a drying cabinet overnight. The product obtained was 4.5 g of white powder which

was stored over CacCl, in a desiccator.
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Example A7: DMC preparation using a polyether siloxane having siloxane

component 32% by weight and polyether component 68% by weight only in wash

solution

A multineck flask equipped with a precision glass paddle stirrer, reflux condenser,
inert gas inlet and temperature sensor was initially charged with 3.32 g of potassium
hexacyanocobaltate(lll) dissolved in 40 ml of distilled water, and the mixture was
heated to 50°C under a nitrogen atmosphere. Separately, a solution of 13.63 g of
zinc chloride and 20 ml of tert-butanol in 100 ml of distilled water was prepared and
added dropwise by means of a dropping funnel to the initially charged solution within
about one hour. Subsequently, a further solution consisting of 3.5 g of PPG, 1 ml of
distilled water and 20 ml of tert-butanol was added dropwise to the reaction mixture.
After a continued stirring period of 10 minutes, the suspension formed was filtered.
The filtercake was slurried in the flask in a solution of 40 ml of distilled water, 1 g of
a polyether siloxane having siloxane component 32% by weight and polyether
component 68% by weight and 80 ml of tert-butanol, filtered again and then dried at
70°C in a drying cabinet overnight. The product obtained was 5.07 g of white

powder which was stored over CaCl, in a desiccator.

Example B: Preparation of polyether polyols (ethoxylates):

In the examples which follow, the starter polyether used, by way of example, was
poly(oxypropylene) monobutyl ether having molar mass Moy = 384 g/mol, which was
determined via the OH number. In principle, the syntheses can be conducted with

any starter which has one or more hydroxyl groups and is suitable for use in DMC-

catalysed reactions.

Example B1: Catalyst from Example A1

A 5 litre autoclave was initially charged with 255 g of poly(oxypropylene) monobutyl
ether as starter and 96 mg of DMC catalyst A1, and heated to 130°C while stirring.
The reactor was evacuated down to an internal pressure of 30 mbar in order to
distillatively remove any volatile ingredients present. To activate the DMC catalyst, a
portion of 40 g of ethylene oxide was fed in. After the reaction had started up and
the internal pressure had dropped, at first a further 252 g of ethylene oxide were

metered in. Since no pressure decrease in the reactor was observed, the addition of

ethylene oxide was stopped and the reactor was deodorized.

Example B2: Catalyst from Example A2
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A 5 litre autoclave was initially charged with 255 g of poly(oxypropylene) monobutyi
ether as starter and 96 mg of DMC catalyst A2, and heated to 130°C while stirring.
The reactor was evacuated down to an internal pressure of 30 mbar in order to
distillatively remove any volatile ingredients present. To activate the DMC catalyst, a
portion of 40 g of ethylene oxide was introduced. After the reaction had started up
and the internal pressure had dropped, at first a further 252 g of ethylene oxide were
metered in while cooling. This was followed by 40 minutes of continued reaction at
130°C with subsequent degassing. This removed volatile components such as
residual ethylene oxide by distillation under reduced pressure at 130°C. The
alkoxylation product was cooled to below 80°C and discharged from the reactor.

According to GPC, the product had a weight-average molar mass of 783 g/mol and

a polydispersity Mw/Mn of 1.1. The OH number determined was 72.5.

Induction period: 27 min
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Example B3: Catalyst from Example A3

A 5 litre autoclave was initially charged with 255 g of poly(oxypropylene) monobutyl
ether as starter and 96 mg of DMC catalyst A3, and heated to 130°C while stirring.
The reactor was evacuated down to an internal pressure of 30 mbar in order to
distillatively remove any volatile ingredients present. To activate the DMC cataiyst, a
portion of 40 g of ethylene oxide was fed in. After the reaction had started up and
the internal pressure had dropped, a further 252 g of ethylene oxide were metered Iin
while cooling, and a decrease in the reaction rate was recorded in the course of the
polymerization. This was followed by 40 minutes of continued reaction at 130°C with
subsequent degassing. This removed volatile components such as residual ethylene
oxide by distillation under reduced pressure at 130°C. The alkoxylation product was
cooled to below 90°C and discharged from the reactor.

According to GPC, the product had a weight-average molar mass of 929 g/mol and
a polydispersity Mw/Mn of 1.11. The OH number determined was 69.0.

Induction period: 44 min

Example B4: Catalyst from Example A4

A 5 litre autoclave was initially charged with 255 g of poly(oxypropylene) monobutyl
ether as starter and 96 mg of DMC catalyst A4, and heated to 130°C while stirring.
The reactor was evacuated down to an internal pressure of 30 mbar in order to
distillatively remove any volatile ingredients present. To activate the DMC catalyst, a
portion of 40 g of ethylene oxide was fed in. After the reaction had started up and
the internal pressure had dropped, at first a further 252 g of ethylene oxide were
metered in while cooling. This was followed by 40 minutes of continued reaction at
130°C with subsequent degassing. This removed volatile components such as

residual ethylene oxide by distillation under reduced pressure at 130°C. The

alkoxylation product was cooled to below 90°C and discharged from the reactor.
According to GPC, the product had a weight-average molar mass of 810 g/mol and
a polydispersity Mw/Mn of 1.09. The OH number determined was 72.8.

Induction period: 24 min

Example BS: Catalyst from Example AS

A 5 litre autoclave was initially charged with 255 g of poly(oxypropylene) monobutyl
ether as starter and 96 mg of DMC catalyst A5, and heated to 130°C while stirring.
The reactor was evacuated down to an internal pressure of 30 mbar in order to
distiliatively remove any volatile ingredients present. To activate the DMC catalyst, a

portion of 40 g of ethylene oxide was fed in. After the reaction had started up and
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the internal pressure had dropped, a further 252 g of ethylene oxide were metered in
while cooling. This was followed by 40 minutes of continued reaction at 130°C with
subsequent degassing. This removed volatile components such as residual ethylene
oxide by distillation under reduced pressure at 130°C. The alkoxylation product was
cooled to below 90°C and discharged from the reactor.

According to GPC, the product had a weight-average molar mass of 895 g/mol and

a polydispersity Mw/Mn of 1.08. The OH number determined was 67.1.

Induction period: 38 min

Example B6: Catalyst from Example AB

A 5 litre autoclave was initially charged with 255 g of poly(oxypropylene) monobutyi
ether as starter and 96 mg of DMC catalyst A6, and heated to 130°C while stirring.
The reactor was evacuated down to an internal pressure of 30 mbar in order to
distillatively remove any volatile ingredients present. To activate the DMC catalyst, a
portion of 40 g of ethylene oxide was introduced. After the reaction had started up
and the internal pressure had dropped, at first further ethylene oxide was metered Iin
while cooling. After the 252 g of ethylene oxide had already been added, the internal
pressure in the reactor did not fall completely to the original value, and so a residual

amount of EO had to be distilled off at the end of the polymerization.

Example B8: Catalyst from Example A7

A 5 litre autoclave was initially charged with 255 g of poly(oxypropylene) monobuty!
ether as starter and 96 mg of DMC catalyst A7, and heated to 130°C while stirring.
The reactor was evacuated to an internal pressure of 30 mbar in order to
distillatively remove any volatile ingredients present. To activate the DMC catalyst, a

portion of 40 g of ethylene oxide was introduced. Since, after 130 min, the internal
temperature did not drop to the original value and did not decrease any further

either, the residual amount of EO was distilled off and the polymerization reaction

was stopped.

Example B7: ARCOL as catalyst

A 5 litre autoclave was initially charged with 255 g of poly(oxypropylene) monobuty!
ether as starter and 96 mg of DMC catalyst ARCOL, and heated to 130°C while
stirring. The reactor was evacuated down to an internal pressure of 30 mbar in order
to distillatively remove any volatile ingredients present. To activate the DMC
catalyst, a portion of 40 g of ethylene oxide was fed in. After the reaction had started

up and the internal pressure had dropped, at first a further 252 g of ethylene oxide
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were metered in while cooling. This was followed by 40 minutes of continued
reaction at 130°C with subsequent degassing. This removed volatile components
such as residual ethylene oxide by distillation under reduced pressure at 130°C. The
alkoxylation product was cooled to below 30°C and discharged from the reactor.

According to GPC, the product had a weight-average molar mass of 914 g/mol and

a polydispersity Mw/Mn of 1.07. The OH number determined was 69.2.

Induction period: 41 min

The catalyst A4, which was prepared using a polyether siloxane, compared to the
prior art ARCOL catalyst and the catalyst A3 prepared using Pluronic 6100 block
polyether, exhibits quicker start-up characteristics during the activation phase and is
therefore more catalytically active.

Moreover, catalysts where the polyether siloxane was added not during the
precipitation of the zinc hexacyanocobaltate complex but in a later step in the course
of synthesis thereof were inactive in the ethoxylation.

The person skilled in the art is aware that, on addition of ethylene oxide, the
products solidify with increasing EO content or, if the addition is inhomogeneous,
separation effects occur in the product. In order to show that ethoxylates which were
prepared with the ARCOL catalyst and the A4 catalyst lead to different products, the
finished products were cooled to room temperature and centrifuged, and the two
phases (liquid upper phase and the solid lower phase) were analysed by means of

'"H NMR and GPC. The table which follows summarizes the analysis results.
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Polyether Proportion of | A Proportion | My, (g/mol) Appearance
EO (mol) of EO (mol) of the sample
B2 9.12 1.99 798 pale yellow,
upper phase opaque
B2 11.11 859
lower phase
B4 9.77 1.21 828 pale yellow,
upper phase opaque
B4 10.98 875
lower phase
BS 10.29 8.46 798 biphasic,
upper phase white solid
BS 18.75 1009 and clear
lower phase supernatant
B7 10.53 6.15 842 biphasic,
upper phase white solid
B7 16.68 1006 and clear
lower phase supernatant

The analysis of the two phases of the products separated by the centrifuging

showed that the addition of ethylene oxide in the Arcol catalysis is iInhomogeneous.

The effect of this is that the biphasic ethoxylate consists of EO-rich (solid) content

and the still-liquid residual polyether having a much lower EO content. In the case of

the polyethers B2 and B4, no phase separation was observed; the minimal

difference in the amount of EO in the two phases confirms the homogeneous

addition of the monomer onto the chain ends.
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Claims:

1.

Process for preparing alkoxylation products by converting at least one epoxide
(A) In the presence of at least one DMC catalyst (B) comprising
a) one or more double metal cyanide compounds and

b) one or more polyether siloxanes.

Process according to Claim 1, characterized in that the polyether siloxane of
component b) has a weight ratio of siloxane component to polyether
component of 1:1 to 1:10, preferably 1:1.2 to 1:8, more preferably from 1:1.5
to 1:5, and especially preferably from 1:1.8 to 1:3, based on the calculated

mean molar mass of the polyether siloxane.

Process according to either of Claims 1 and 2, characterized in that the
polyether siloxane of component b) of the DMC catalyst (B) is a polyether

siloxane of the formula (iV)

Mg M'g1 De D'eq D2 T¢ Qg

(formula V)

where

M = (R';Si Oyp)
M’ = (R°R", Si Oqp)
D =(R'; Si Oyp)

D' = (R2R1 Si 02/2)
D= (R4R1 Si 02/2)

T =(R®SiOsp)
(2 = (S1 Oyp)

d =0 to 20;
d1 =0 to 20;

e =0 to 300;
e1=0 to 25;
e2= 010 10;

f =0to 10:

g =010 10;

with the proviso that
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the sum total of d1 and e1 is greater than 0, preferably greater than or equal to
1;

R' is independently hydrogen or identical or different linear or branched
hydrocarbyl radicals having 1 to 30 carbon atoms or aromatic
hydrocarbyl radicals having 6 to 30 carbon atoms;

R? is independently identical or different polyethers, where the polyethers
may have side chains which may optionally also be substituted by
further heteroatoms,

R® is independently identical or different R or R radicals,

R* is independently identical or different organic radicals having 4 to 30

carbon atoms, with the proviso that R* is different from R*.

Process according to Claim 3, characterized in that R? in formula (IV) is
independently identical or different polyethers of the formula V or formula VI or
formula Vi
-(O)p-CH2-CH,-CH,-O-(CH,-CH,0-)i-(CH-CH(RYO-)k-(CH(R')-CH20-)-R"
(formula V) and
-(O)y-CH2-CHx-O-(CH2-CH,0-)i-(CH2-CH(R') O- ) -(CH(R')-CH20-)-R"

(formula VI)

-(O)p-(CH2-CH,0-)-(CH-CH(R") O-)-(CH(R')-CH,0-)-R"

(formula VII)

where

h IsOor1,

j Is 0 to 100,

k +K' =010 100,

with the proviso that the sum total of j, k and k' I1s at least 3,

R' is independently an optionally substituted alkyl or aryl group having 1 to

12 carbon atoms and
R" is independently a hydrogen radical or an alkyl group having 1 to 4

carbon atoms.

Process according to either of Claims 3 and 4, characterized in that the
polyether siloxanes of component b) of the DMC catalyst (B) are polyether
siloxanes of the formula (IV) withd=2,d1=0,e=0t040,e1=1t095,¢e2,f
and g = 0, R1 = methyl, R2 = (formula V), (formula V1) and/or (formula VII) with
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h=0,j=3to 20, k = 0 to 20, preferably 0, R" = methyl or ethyl and R” =
hydrogen.

Process according to any of Claims 1 to 5, characterized in that at least 30
mol% of the epoxides (A), based on the total molar amount of the epoxides

(A), is ethylene oxide.

Process according to any of Claims 1 to 6, wherein at least one epoxide (A)
and at least one starter (C) selected from the group of the alcohols comprising
at least 3 carbon atoms, the polyetherols and/or the phenols, more preferably
selected from the group of allyl alcohol, butanol, octanol, dodecanol, stearyl
alcohol, 2-ethylhexanol, cyclohexanol, benzy! alcohol, ethylene giycol,
propylene glycol, di-, tri- and polyethylene glycol, 1,2-propylene glycol, di- and
polypropylene glycol, butane-1,4-diol, hexane-1,6-diol, trimethylolpropane,
glycerol, pentaerythritol, sorbitol and/or polyetherols having a molar mass of

200 to 5000 g/mol are converted in the presence of at least one DMC catalyst

(B).

Process according to any of Claims 1 to 7, characterized in that the DMC

catalyst (B) comprises

a) one or more double metal cyanide compounds selected from zinc
hexacyanocobaltate(lll), rd|gle hexacyanoiridate(lll), ZINC
hexacyanoferrate(lll) and cobalt(ll) hexacyanocobaltate(lll),

b) one or more polyether siloxanes,

c) one or more organic complex ligands other than b), selected from

aliphatic alcohols,
d) optionally one or more complex-forming components other than b) anad

c), selected from polyethers, polyesters, polycarbonate, glycidyl ethers,
glycoside, carboxylic esters of polyhydric alcohols, polyalkylene glycol
sorbitan esters, gallic acid, salts of gallic acid, esters of gallic acid,
amide of gallic acid, cyclodextrins, organic phosphate, phosphite,
phosphonate, phosphonite, phosphinate or phosphinite, an ionic

surface- or interface-active compound and an a,3-unsaturated carboxylic

ester,
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10.

11.

12.

13.

14.

wherein ethylene oxide and optionally further epoxides (A), and also at least
one OH-functional starter (C), are converted in the presence of the DMC

catalyst (B).

Process according to any of Claims 1 to 8, characterized in that the DMC
catalyst (B) is obtained by reacting water-soluble metal salts with water-
soluble metal cyanide saits to give double metal cyanide compounds of
component a) in the presence of at least one polyether siloxane of

component b).

Alkoxylation product obtainable by a process according to any of Claims 1
to 9.

Alkoxylation product according to Claim 10, characterized in that it includes
at least 30 to 100 mol% of ethylene oxide, based on the total molar amount

of the epoxides (A).

Alkoxylation product according to Claim 11, characterized in that the
deviation in the ethylene oxide content of each individual alkoxylation
product is preferably less than 10% by weight, especially less than 6% by
weight, in relation to the weight average of ethylene oxide over all the

alkoxylation products which have been prepared in a reaction.

Alkoxylation product according to Claim 11 or 12, characterized in that the
ethylene oxide content of each individual alkoxylation product deviates by
less than 30 mol%, especially less than 25 mol% and most preferably less
than 20 mol% from the mean molar proportion of ethylene oxide in relation to
the molar proportion of ethylene oxide averaged over all the alkoxylation
products which have been prepared Iin a reaction.

Process according to any of Claims 1 to 9, characterized in that the ethylene
oxide content of each individual alkoxylation product deviates by less than 30
moi%, especially less than 25 mol% and most preferably less than 20 mol%
from the mean molar proportion of ethylene oxide in relation to the molar
proportion of ethylene oxide averaged over all the alkoxylation products

which have been prepared in a reaction.



	Page 1 - abstract
	Page 2 - abstract
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - claims
	Page 31 - claims
	Page 32 - claims
	Page 33 - claims

