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Radical crosslinking of polyether carbonate polyols that have electr on-poor and electron-rich

double bonds

The present invention relates to a process for gohegp polyethercarbonate polyols, the
polyethercarbonate polyols containing electron-paid electron-rich double bonds, comprising
the steps of o) initially introducing an H-functional starter cound and a catalyst angl) (
metering in carbon dioxide and two unsaturated aamgs, the unsaturated compounds from
process stepy) being selected from the group encompassing ursatliepoxides and unsaturated
cyclic anhydrides, and one of the unsaturated camgs having an electron-rich double bond and
one of the unsaturated compounds having an elepton double bond. The invention further
relates to the crosslinking of polyethercarbonatigqis containing electron-poor and electron-rich

double bonds, and also to the crosslinked polye#itbonates obtainable therefrom.

As well as having a tailored functionality, modgdastics are also intended to do increased justice
to environmental concerns. As well as by a gengpeimization of preparation processes, this can
also be achieved through the use of greenhouses,gaseh as carbon dioxide, as building blocks
for the synthesis of polymers. Accordingly, for exde, a better environmental balance for the
process can be obtained overall via the fixingasbon dioxide. This path is being followed in the
area of the production of polyethercarbonates, leaslbeen a topic of intense research for more
than 40 years (e.g., Inoue et al, CopolymerizatbnCarbon Dioxide and Alkylenoxide with
Organometallic Compounds; Die Makromolekulare Clee@80, 210-220, 1969). In one possible
preparation variant, polyethercarbonate polyolsodtained by a catalytic reaction of epoxides and
carbon dioxide in the presence of H-functionaltstasubstances (“starters”). A general reaction

equation for this is given in scheme (I):

o) 0
Starter-OH + (e+f+g) /A + (e+g) CO, —
R

i 1
Ao ko + 0 ]
Starter{/ 0~ e O/\r}f + 9 0
R

A further product, in this case an unwanted bypcbdarising alongside the polythercarbonate is a

cyclic carbonate (for example, for R = glgropylene carbonate).

As shown above, polyethercarbonate polyols havef@idtionalities, and this makes it possible in
principle for relatively high molecular mass crassing products to be produced in further

reactions, as by the addition of diisocyanatesabyigocyanates, for example. It would, however,
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be desirable to establish still further possitahtifor the functionalization of the polymer scaffol
such possibilities being amenable to utilizationr@actions including subsequent crosslinking
reactions. One possibility for this is afforded the copolymerization of monomers containing

unsaturated groups which are able subsequentist tssegfunctional groups.

EP A 2604641 discloses a process for preparingefiodyestercarbonate polyols by catalytic
addition of carbon dioxide, alkylene oxides and licyanhydrides onto H-functional starter

substances in the presence of double metal cyéDME) catalysts.

EP-A 2604642 discloses a process for preparinggpiodycarbonate polyols by catalytic addition of
carbon dioxide and alkylene oxides onto H-functigtarter substances in the presence of DMC

catalyst which has been activated in the presehcgctic anhydride.

The publication J. Polym. Sci. Part A (2006) 44(%829-5336 describes polycarbonates prepared
from alkylene oxide, allyl glycidyl ether and GQsing ternary rare-earth catalysts (glycerol and
diethylzinc modified with Y salts). The epoxide-€Q@opolymerization produces virtually

alternating polymers.

The publication Journal American Chemical Sociep04) 126 11404-11405 describes the

alternating copolymerization of limonene oxide &@,. Zinc B-diiminates are used as catalysts.

WO-A 2013/016331 discloses formulations for prodggpolyurethanes and also the polyurethanes
produced accordingly (such as foams, TPUs, andoet@ss) based on aliphatic polycarbonate

polyols having an alternating carbonate-alkylenel@structure.

WO-A 2010/028362 discloses the preparation of predantly alternating polycarbonate polyols
by reaction of epoxides with GQOwith catalysis by metal complexes, typically CHfHalen
complexes, and optionally co-catalysts, in the gmee of protic chain transfer agents, preferably

diols, such as low molecular mass diols and hydffaxgtional polyesters and polyethers.

Polymer (2006) 47, 8453-8461 and, J. Polymer RebedR009) 16, 91-97, disclose the

terpolymerization of alkylene oxides with maleichgdride and C@in the presence of polymer-

supported double metal catalysts or supported gintarate catalysts. Characteristics described
include the increase in the glass transition teatpee through the incorporation of the anhydride,
and the crosslinking with dicumyl peroxide at 1703@r several minutes. The increased glass
transition temperature and the associated incredsedsity hinder the processing of the resulting
products. For many applications, the curing tentpeea are too high and the curing times too

long.
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Journal of Polymer Science Part A: Polymer ChemigB006) 44 (18) 5329-5336 describes
terpolymers of propylene oxide, allyl glycidyl eth@and CQ which can be crosslinked by UV

radiation. For many applications, however, thiscefzemode of curing is too slow.

The object is therefore to provide a process fergpecific functionalization of polyethercarbonate
polyols and, furthermore, to show a route via whiblese polyethercarbonate polyols can be

crosslinked to form assemblies of higher molecuiass.

The object is achieved in accordance with the itigan by a process for preparing
polyethercarbonate polyols, the polyethercarbopatgols comprising double bonds, comprising
the steps of:
(o) initially introducing a catalyst and
(o) @ suspension medium which contains no H-functignaups
and/or
(ap) an H-functional starter compound
(y) metering in carbon dioxide, an epoxide which aorg no unsaturated group, and at
least two unsaturated compounds,
where the unsaturated compounds metered in ste@ré selected from the group of the

unsaturated epoxides and/or unsaturated cyclicdaitgs, and

(yl) one of the unsaturated compounds comprises a ddadsld comprising at least one
substituent selected from the group of ‘OXOCOX, -X*, -CH,OX" and/or -CH=CHX, where X
in each case is substituted or unsubstituted alkybstituted or unsubstituted cycloalkyl,

substituted or unsubstituted aryl or a substitatednsubstituted methylene chain;

(v2) and another of the unsaturated compounds compaigksible bond comprising at least
one substituent selected from the group of -F, -8k, -I, -COH, -COX, -COOX, -C=N
and/or -NQ or is an unsaturated, substituted or unsubstiteigdic anhydride of an organic
dicarboxylic acid, where Xin each case is substituted or unsubstituted akybstituted or
unsubstituted cycloalkyl, substituted or unsubsdduaryl or a substituted or unsubstituted

methylene chain

and where additionally, if no H-functional startmwmpound is introduced in step)( step {)

comprises the metering in of an H-functional stactanpound.

Surprisingly it has been found that through theiahoof at least two different unsaturated
compounds in the synthesis of the polyethercarleopaltyol, with one of the compounds having an
electron-rich double bond and the other compoundnigaan electron-poor double bond, it is
possible to obtain polyethercarbonate polyols witisaturated groups which have particularly

favorable properties in comparison to the prior art
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The polyethercarbonate polyols of the inventiontaming unsaturated groups can be obtained
reproducibly in a high yield and, as a result o tbelected process regime, have a narrow
molecular mass distribution and only a very smatfion of unreacted monomers. Furthermore,
the polyethercarbonate polyols with unsaturatediggchat are obtainable via this process can be
radically crosslinked with particular advantaged ao lead to crosslinked polyethercarbonates

having advantageous properties and easy processing.

Without wishing to be bound by a theory, this epsycessing in the context of the crosslinking
comes about through the difference in reactivitytted double bonds of the polyethercarbonate
polyol within the radical reaction. This is in coadt to radical reactions where participants are

polyethercarbonate polyols which have only douldleds of one electron density.

The unsaturated compounds in this case may caergldéctron-withdrawing or electron-donating
substituents, for example, alternatively directty adjacent to or, optionally, in allyl positionttoe
double bond.

In the polyethercarbonate polyols which can be gmegh by the process of the invention, the double

bonds may be present in the main chain and/orarsitthe chains.

Where not otherwise indicated, the term “doubledian the context of the present invention

means a C=C double bond.

Substituents as perl) may contribute to an increase in the electramsitie of the double bond.

Accordingly, electron-rich double bonds are obtdin€Electron-rich double bonds in the sense of
the invention, then, are those which are more meaich than ethylene, in other words those
which are substituted by +M or +1 substituents. Tbmments made above apply accordingly, with
the proviso that the substituents are capableisingathe electron density through mesomeric or

inductive effects in the double bond.

Substituents as peyd) may contribute to a reduction in the electrongity of the double bond.
Accordingly, electron-poor double bonds are obtairtielectron-poor double bonds in the sense of
the invention are therefore those which are magetein-poor than ethylene, i.e., those which are
substituted by —M or —I| substituents. Substituemith a —M effect are capable of distributing
electron density by mesomeric charge delocalizaftiom the double bond onto the substituents.
Substituents having a —I effect are capable of aieguthe electron density in the double bond

through an inductive effect.

In the case both of the substituents as p&j é&nd of the substituents as pgR)( the term
“substituted methylene chain” includes the positjbibf the methylene chain containing an

epoxide group. One example of this is allyl glyd¢idsher, in which the double bond is substituted
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by —CHOX" and X may be described as a 1,2-oxo-substituted metéydbain. Further examples

are butadiene monoepoxide and isoprene monoepoxide.

The term “substituted cycloalkyl” also includes thassibility of the cycloalkyl unit containing an
epoxide group, as is the case for vinylcyclohexaxde, for example. It is possible, moreover, for
the double bond, through 1,2-substitution, to be phan epoxy-substituted cycloalkyl ring, as is

the case in compounds such as, for instance, ateldi@ne monoepoxide.

Where there are two or more substituents with gifieelectronic and/or mesomeric contributions,
the overall contribution of the substituents, arahde the classification as an electron-rich or
electron-poor double bond, may be made using qoantechanical calculations. Alternatively it

is also possible to determine the reaction ratanoélectrophilic substitution at this double bond,
and to compare it with that of an unsubstitutedi®ibond. Higher reaction rates indicate a more

electron-rich double bond, lower reaction ratesoaenelectron-poor double bond.

Without wishing to be tied by the theory, the sitbbn of the invention leads to a change in the
HOMO/LUMO level of the double bonds involved, whitdrcilitates a subsequent reaction, by a

radical crosslinking, for example.

In the process of the invention, monomers withawgaturated groups that can be employed are
epoxides having 2-45 carbon atoms and carryingoublé bond. The epoxides having 2-45 carbon
atoms are, for example, one or more compoundstedlémm the group encompassing ethylene
oxide, propylene oxide, 1-butene oxide, 2,3-butexide, 2-methyl-1,2-propene oxide (isobutene
oxide), 1-pentene oxide, 2,3-pentene oxide, 2-nettfBtbutene oxide, 3-methyl-1,2-buteneoxide,
epoxides of C6-C2a-olefins, such as 1-hexene oxide, 2,3-hexene ox3gehexene oxide, 2-
methyl-1,2-pentene oxide, 4-methyl-1,2-pentene exitiethyl-1,2-butene oxide, 1-heptene oxide,
1-octene oxide, 1-nonene oxide, 1-decene oxide)dkcene oxide, 1-dodecene oxide, 4-methyl-
1,2-pentene oxide, cyclopentene oxide, cyclohexmige, cycloheptene oxide, cyclooctene oxide,
styrene oxide, methylstyrene oxide, pinene oxid@lg or multiply epoxidized fats as mono-, di-
and triglycerides, epoxidized fatty acids, C1-C2%ees of epoxidized fatty acids, epichlorohydrin,
glycidol, and derivatives of glycidol such as, totample, glycidol ethers of C1-C22 alkanols and
glycidyl esters of C1-C22 alkanecarboxylic acidgamples of derivatives of glycidol are phenyl
glycidyl ether, cresyl glycidyl ether, methyl gldgi ether, ethyl glycidyl ether and 2-ethylhexyl
glycidyl ether. As epoxides it is possible with ference to use ethylene oxide and/or propylene

oxide, especially propylene oxide.

For the preparation of the polyethercarbonate pelgbthe invention containing electron-rich and

electron-poor double bonds, furthermore, an H-fimnetl starter compound is used.

The suspension media which are used in stgpfdr suspending the catalyst contain no H-

functional groups. Suitable suspension media arep@hr aprotic, weakly polar aprotic and
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nonpolar aprotic solvents, none of which contaip EAfunctional groups. As suspension medium
it is also possible to use a mixture of two or mofeéhese suspension media. The following polar
aprotic solvents are mentioned here by way of examg-methyl-2-oxo-1,3-dioxolane (also
referred to below as cyclic propylene carbonatgd.dloxolan-2-one, acetone, methyl ethyl ketone,
acetonitrile, nitromethane, dimethyl sulfoxide,feldne, dimethylformamide, dimethylacetamide
and N-methylpyrrolidone. The group of the nonpolar angially polar aprotic solvents includes,
for example, ethers, for example dioxane, dietliyee methyl tert-butyl ether and tetrahydrofuran,
esters, for example ethyl acetate and butyl acetgtirocarbons, for example pentane, n-hexane,
benzene and alkylated benzene derivatives (e.genel xylene, ethylbenzene) and chlorinated
hydrocarbons, for example chloroform, chlorobenzeliehlorobenzene and carbon tetrachloride.
Preferred suspension media are 4-methyl-2-oxo-ib@sthne, 1,3-dioxolan-2-one, toluene,
xylene, ethylbenzene, chlorobenzene and dichlomdye and mixtures of two or more of these
suspension media; particular preference is givendimethyl-2-oxo-1,3-dioxolane and 1,3-

dioxolan-2-one or a mixture of 4-methyl-2-oxo-1,8dlane and 1,3-dioxolan-2-one.

In one alternative embodiment, suspension medid umsstep ¢) for suspending the catalyst are
one or more compounds selected from the group stimgiof aliphatic lactones, aromatic lactones,
lactides, cyclic carbonates having at least thigigonally substituted methylene groups between
the oxygen atoms of the carbonate group, aliphegiclic anhydrides, and aromatic cyclic
anhydrides. Without being tied to a theory, susigensiedia of this kind are incorporated into the
polymer chain in the subsequent course of the oiggpolymerization in the presence of a starter.

As a result, there is no need for downstream matifon steps.

Aliphatic or aromatic lactones are cyclic compoundstaining an ester bond in the ring. Preferred
compounds are 4-membered-ring lactones such asopfefactone, R-butyrolactone, -
isovalerolactone, R-caprolactone, R-isocaprolact@methyl-R-valerolactone, 5-membered-ring
lactones, such as y-butyrolactone, y-valerolactone, 5-methylfuran-2(3H)-one, 5-
methylidenedihydrofuran-2(3H)-one, 5-hydroxyfurgi®id)-one, 2-benzofuran-1(3H)-one and 6-
methyl-2-benzofuran-1(3H)-one, 6-membered-ringdaes, such a&valerolactone, 1,4-dioxan-2-
one, dihydrocoumarin, 1H-isochromen-1-one, 8H-pgfasp-b]pyridin-8-one, 1,4-dihydro-3H-
isochromen-3-one, 7,8-dihydro-5H-pyrano[4,3-b]piri8-one, 4-methyl-3,4-dihydro-1H-
pyrano[3,4-b]pyridin-1-one, 6-hydroxy-3,4-dihydrétisochromen-1-one, 7-hydroxy-3,4-dihydro-
2H-chromen-2-one, 3-ethyl-1H-isochromen-1-one, Bitbxymethyl)-1H-isochromen-1-one, 9-
hydroxy-1H,3H-benzo[delisochromen-1-one,  6,7-dir&ihl,4-dihydro-3H-isochromen-3-one
and 3-phenyl-3,4-dihydro-1H-isochromen-1-one, 7-fbered-ring lactones, such as-
caprolactone, 1,5-dioxepan-2-one, 5-methyloxepame- oxepane-2,7-dione, thiepan-2-one, 5-
chlorooxepan-2-one, 8l-4-(propan-2-yl)oxepan-2-one, 7-butyloxepan-2-one, 5-(4-

aminobutyl)oxepan-2-one, 5-phenyloxepan-2-one, XHo@epan-2-one, (G79-5-methyl-7-
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(propan-2-yl)oxepan-2-one, 4-methyl-7-(propan-bydpan-2-one, and lactones with higher

numbers of ring members, such aB)(@xacycloheptadec-7-en-2-one.

Lactides are cyclic compounds containing two or ena@ster bonds in the ring. Preferred
compounds are glycolide (1,4-dioxane-2,5-dione)ladtide (L-3,6-dimethyl-1,4-dioxane-2,5-
dione), D-lactide, DL-lactide, mesolactide and 3imé&1,4-dioxane-2,5-dione, 3-hexyl-6-methyl-
1,4-dioxane-2,5-dione, 3,6-di(but-3-en-1-yl)-1,4xkne-2,5-dione (in each case inclusive of

optically active forms). Particular preferenceiigeg to L-lactide.

Cyclic carbonates used are preferably compoundéndpaat least three optionally substituted
methylene groups between the oxygen atoms of thegooate group. Preferred compounds are
trimethylene carbonate, neopentyl glycol carbon&beb-dimethyl-1,3-dioxan-2-one), 2,2,4-
trimethyl-1,3-pentanediol carbonate, 2,2-dimethy@-fiutanediol carbonate, 1,3-butanediol
carbonate, 2-methyl-1,3-propanediol carbonate,p2mtanediol carbonate, 2-methylbutane-1,3-
diol carbonate, TMP monoallyl ether carbonate, pemnthritol diallyl ether carbonate, 5-(2-
hydroxyethyl)-1,3-dioxan-2-one, 5-[2-(benzyloxy)g¢ikl,3-dioxan-2-one, 4-ethyl-1,3-dioxolan-2-
one, 1,3-dioxolan-2-one, 5-ethyl-5-methyl-1,3-diox@&one, 5,5-diethyl-1,3-dioxan-2-one, 5-
methyl-5-propyl-1,3-dioxan-2-one, 5-(phenylaming3-tlioxan-2-one and 5,5-dipropyl-1,3-
dioxan-2-one. Particular preference is given tonéthylene carbonate and neopentyl glycol

carbonate.

Under the conditions of the process of the inventar the copolymerization of epoxides and£O
cyclic carbonates having fewer than three optignallbstituted methylene groups between the
oxygen atoms of the carbonate group are incorpiiate the polymer chain not at all or only to a

small extent.

However, cyclic carbonates having fewer than thopdonally substituted methylene groups

between the oxygen atoms of the carbonate group bwvaysed together with other suspension
media. Preferred cyclic carbonates having fewen theee optionally substituted methylene groups
between the oxygen atoms of the carbonate groupthyéene carbonate, propylene carbonate, 2,3-
butanediol carbonate, 2,3-pentanediol carbonateettyl-1,2-propanediol carbonate and 2,3-

dimethyl-2,3-butanediol carbonate.

Cyclic anhydrides are cyclic compounds containimgaamhydride group in the ring. Preferred
compounds are succinic anhydride, maleic anhydridghthalic anhydride, 1,2-

cyclohexanedicarboxylic anhydride, diphenic anhyeri tetrahydrophthalic anhydride,
methyltetrahydrophthalic anhydride, norbornenediaithydride and the chlorination products
thereof, succinic anhydride, glutaric anhydrideglytiolic anhydride, 1,8-naphthalic anhydride,
succinic  anhydride,  dodecenylsuccinic  anhydride, trateecenylsuccinic  anhydride,

hexadecenylsuccinic anhydride, octadecenylsucenltydride, 3- and 4-nitrophthalic anhydride,
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tetrachlorophthalic anhydride, tetrabromophthalhyalride, itaconic anhydride, dimethylmaleic
anhydride, allylnorbornenedioic anhydride, 3-mefilm@n-2,5-dione, 3-methyldihydrofuran-2,5-
dione, dihydro-2H-pyran-2,6(3H)-dione, 1,4-dioxdhé-dione, 2H-pyran-2,4,6(3H,5H)-trione, 3-
ethyldihydrofuran-2,5-dione, 3-methoxydihydrofuray-dione, 3-(prop-2-en-1-yl)dihydrofuran-
2,5-dione, N-(2,5-dioxotetrahydrofuran-3-yl)formatmi and 3[(2E)-but-2-en-1-yl]dihydrofuran-
2,5-dione. Particular preference is given to succanhydride, maleic anhydride and phthalic

anhydride.

Catalyst used for preparing the polyethercarbopalgols of the invention may be, for example, a
DMC catalyst (double metal cyanide catalyst). Aiddially or alternatively it is also possible to
use other catalysts for the copolymerization of/lalke oxides and CQactive catalysts, such as
zinc carboxylates or cobalt-salen complexes, fangde. Examples of suitable zinc carboxylates
are zinc salts of carboxylic acids, especially dicaylic acids, such as adipic acid or glutariaaci
An overview of the known catalysts for the copolyiration of alkylene oxides and GQOs

provided for example by Chemical Communicationg2¥11) 141-163.

It is preferred for the process of the inventiorcomprise the following ste) between stepaj

and stepy):
(B) metering in of at least one epoxide.
It is preferred, furthermore, for the catalyst @a@DMC catalyst.

The double metal cyanide compounds present DMQys#tavhich can be used with preference in
the process of the invention are the reaction tsdof water-soluble metal salts and water-soluble

metal cyanide salts.

The term “terpolymerization” in the sense of theention comprehends the polymerization of at
least one epoxide, at least two comonomers, angd T&polymerization in the sense of the

invention also includes, in particular, the copodyimation of a total of more than three monomers.

One preferred embodiment of the process of thenitwe for preparing polyethercarbonate polyols
with unsaturated groups from at least two unsagdratompounds, one or more epoxides, and
carbon dioxide, and also one or more H-functiotalter compounds, in the presence of a DMC

catalyst, is characterized in that

(o) [first activation stage] a suspension medium caoirtgi no H-functional groups, an H-

functional starter compound, a mixture of a susipensiedium containing no H-functional groups
and an H-functional starter compound, or a mixhfrat least two H-functional starter compounds
is introduced initially, and optionally water and/other volatile compounds are removed by

increased temperature and/or reduced pressur@Ml& catalyst being added to the H-functional
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starter substance or to the mixture of at leastiafanctional starter substances before, during or

after the 1st activation stage,

(B) [second activation stage] a portion (based on aked amount of the amount of epoxides
used in stepg3] and §)) of one or more epoxides is added to the mixteselting from stepd), it
being possible for the addition of a portion of xde to take place optionally in the presence of
CO, and/or inert gas (such as nitrogen or argon,anmgple), and it also being possible for stgp (

to take place multiply,

(v) [polymerization stage] one or more epoxides, astléao unsaturated compounds and
carbon dioxide are metered continually into thetorix resulting from ste3], and the epoxides

used for the terpolymerization may be the same dfferent from the epoxides used in stgp (

Step ():

The addition of the individual components in stap €an be effected simultaneously or
successively in any sequence; preferably, in siedDMC catalyst is first initially charged and H-

functional starter compound is added simultaneooissubsequently.
A preferred embodiment provides a process wherestep ¢),

(al) a reactor is charged with the DMC catalyst arstispension medium and/or one or more H-

functional starter compounds,

(02) an inert gas (for example nitrogen or a noble i&ch as argon), an inert gas-carbon dioxide
mixture or carbon dioxide is passed through thetogat a temperature of 50 to 200°C, preferably
of 80 to 160°C, more preferably of 125 to 135°Cd,aat the same time, a reduced pressure (in
absolute terms) of 10 mbar to 800 mbar, preferab®0 mbar to 200 mbar, is established in the
reactor by removing the inert gas or carbon dioXfde example with a pump) [first activation

stage].
A further preferred embodiment provides a processrain, in stepo),

(al) a DMC catalyst and a suspension medium which aestad H-functional groups, an H-
functional starter compound, a mixture of a susjpenmedium which contains no H-functional
groups and an H-functional starter compound, oridume of at least two H-functional starter
compounds is initially introduced, optionally undeert gas atmosphere, under an atmosphere of
inert gas/carbon dioxide mixture, or under a puaebon dioxide atmosphere, more preferably

under inert gas atmosphere, and

(a2) an inert gas, an inert gas/carbon dioxide mixtureasbon dioxide, more preferably inert

gas, is introduced into the resulting mixture af BIMC catalyst and the suspension medium which
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contains no H-functional groups, the H-function@rer compound, the mixture of a suspension
medium which contains no H-functional groups and Hifunctional starter compound, or the

mixture of at least two H-functional starter compds, at a temperature of 50 to 200°C, preferably
of 80 to 160°C, more preferably of 125 to 135°Cd at the same time a reduced pressure
(absolute) of 10 mbar to 800 mbar, preferably ofrditar to 200 mbar, is set in the reactor by

removal of the inert gas or carbon dioxide (withuanp, for example) [first activation stage),

where the double metal cyanide catalyst may bedhtiwéhe H-functional starter substance or the
mixture of at least two H-functional starter substs in stepal) or immediately thereafter in step
(02).

The DMC catalyst may be added in solid form orusgension in a suspension medium and/or in
an H-functional starter compound. If the DMC cagalys added as a suspension, it is added
preferably in stepofl) to the suspension medium or to the one or moffenigtional starter

compounds.

Step B):

Step () of the second activation stage may take pladbdrpresence of Gnd/or inert gas. Step
(B) preferably takes place under an atmosphere cadpolan inert gas/carbon dioxide mixture
(nitrogen/carbon dioxide or argon/carbon dioxide, éxample) or a carbon dioxide atmosphere,
more preferably under a carbon dioxide atmospHhérere are in principle different ways in which
an inert gas/carbon dioxide atmosphere or a cadmmrde atmosphere can be set, and in which
one or more oxides can be metered. The supplyymeess preferably established by introduction
of carbon dioxide, where the pressure (in absdietes) is 10 mbar to 100 bar, preferably 100
mbar to 50 bar and especially preferably 500 mb&Q bar. The start of epoxide metering may
take place at any supply pressure chosen beforefi@uedtotal pressure (in absolute terms) of the
atmosphere is set in stefp) preferably in the range from 10 mbar to 100 pagferably 100 mbar
to 50 bar, and more preferably 500 mbar to 50 ®ationally, during or after the metering of the
epoxide, the pressure is reregulated by introdnaticfurther carbon dioxide, with the pressure (in
absolute terms) being 10 mbar to 100 bar, preferbd®d mbar to 50 bar, and more preferably 500
mbar to 50 bar.

In one preferred embodiment, the amount of onearerepoxides used in the activation of s{gp (
is 0.1 to 25.0 wt%, preferably 1.0 to 20.0 wt%, engreferably 2.0 to 16.0 wt%, based on the
amount of suspension medium containing no H-fumetiogroups used in stem)( or of H-
functional starter compound, of mixture of suspenshedium containing no H-functional groups
and H-functional starter compound, or of the migtwf at least two H-functional starter

compounds. The epoxide can be added in one stp@wrise in two or more portions.
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In one particularly preferred embodiment of theeintvon, a portion (based on the total amount of
the amount of epoxides used in stefs dnd §)) of one or more epoxides, in the case of the
activation in stepf), is added to the mixture resulting from stejp (second activation stage], it
being possible for the addition of a portion of xde to take place optionally in the presence of
CGO;, and/or inert gas. Step)(may also take place multiply. The DMC catalygprisferably used in
an amount such that the amount of DMC catalyshénresulting polyethercarbonate polyol with
unsaturated groups is 10 to 10 000 ppm, more @igfie20 to 5000 ppm, and most preferably 50
to 500 ppm.

In the second activation step, the epoxide mayduked, for example, in one portion or over the
course of 1 to 15 minutes, preferably 5 to 10 néeufThe duration of the second activation step is

preferably 15 to 240 minutes, more preferably 26Ganinutes.

Step §):

The metering of the epoxide or epoxides, of attless unsaturated compounds, also referred to
below as monomers, and of the carbon dioxide mkg fdace simultaneously, alternately, or
sequentially, and the overall amount of carbon idexmay be added all at once or in a metered
way over the reaction time. During the additiontbé monomers it is possible for the £0
pressure, gradually or in steps, to be raised weled or left the same. Preferably, the total
pressure is kept constant during the reaction biemad addition of further carbon dioxide. The
metering of the monomers may take place simultasigp@alternatively, or sequentially to the
metering of carbon dioxide. It is possible to mebex monomers at a constant metering rate or to
raise or lower the metering rate continuously osteps, or to add the monomers portionwise. The
monomers are preferably added at constant meteaiegto the reaction mixture. Where two or
more epoxides are used for the synthesis of thgepf@rcarbonate polyols containing unsaturated
groups, the epoxides may be metered individuallpa mixture. The metering of the epoxides
may take place simultaneously, alternately, or emtjally via in each case separate feeds
(additions), or via one or more feeds, in whichect®e epoxides may be metered individually or as
a mixture. Via the nature and/or sequence of theerimg of the monomers and/or of the carbon
dioxide it is possible to synthesize random, ahleng, blocklike or gradientlike

polyethercarbonate polyols containing unsaturatedgs.

Preference is given to using an excess of carboxid#i, relative to the calculated amount of
carbon dioxide required in the polyethercarbonatgqts containing unsaturated groups, since an
excess of carbon dioxide is an advantage becausiseafeactive inertia of carbon dioxide. The
amount of carbon dioxide can be specified by wayhef total pressure. An advantageous total
pressure (in absolute terms) for the copolymewrafor preparation of the polyethercarbonate
polyols containing unsaturated groups has beendfdonbe the range from 0.01 to 120 bar,

preferably 0.1 to 110 bar, more preferably fronp1100 bar. It is possible to supply the carbon
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dioxide to the reaction vessel continuously or aigmuously. This is dependent on the rate at
which the monomers and the €&re consumed and on whether the product is tadiecbptionally
CO,-free polyether blocks or blocks with different C€bntents. The concentration of the carbon
dioxide may also vary during the addition of thenmmers. Depending on the reaction conditions
selected, it is possible for the €@ be introduced into the reactor in the gasetigsjd or
supercritical state. C{ran also be added to the reactor in solid formthad be converted under

the selected reaction conditions to the gaseossoldied, liquid and/or supercritical state.

In step {), the carbon dioxide can be introduced into thetume, for example, by
0] sparging the reaction mixture in the reactor fratoty,
(i) using a hollow-shaft stirrer,
(i) a combination of metering forms as per (i) and &ijd/or

(iv) sparging via the surface of the liquid, by usindtitavel stirring elements.

Step {) is conducted, for example, at temperatures ofo6050°C, preferably from 80 to 120°C,
most preferably from 90 to 110°C. If temperaturetoty 60°C are set, the reaction ceases. At

temperatures above 150°C, there is a sharp rigeiquantity of unwanted byproducts.

The sparging of the reaction mixture in the reae®per (i) is preferably effected by means of a
sparging ring, a sparging nozzle, or by meansgdsinlet tube. The sparging ring is preferably an
annular arrangement or two or more annular arrargésrof sparging nozzles, preferably arranged

at the base of the reactor and/or on the sideatéfie reactor.

The hollow-shaft stirrer as per (ii) is preferalalystirrer in which the gas is introduced into the
reaction mixture via a hollow shaft in the stirr€he rotation of the stirrer in the reaction migur
(i.,e. in the course of mixing) gives rise to a reetl pressure at the end of the stirrer paddle
connected to the hollow shaft, such that the gassehcontaining COand any unconsumed
monomers) is sucked out of the gas space aboves#tution mixture and is passed through the

hollow shaft of the stirrer into the reaction migu

The sparging of the reaction mixture as per (i), (i) or (iv) may take place with freshly metat
carbon dioxide in each case and/or may be combiitdsuction of the gas from the gas space
above the reaction mixture and subsequent recosipresf the gas. For example, the gas sucked
from the gas space above the reaction mixture amgpressed, optionally mixed with fresh carbon

dioxide and/or monomers, is introduced back int® baction mixture as per (i), (i), (iii) and/or

@iv).

The pressure drop which comes about through incatipm of the carbon dioxide and the
monomers into the reaction product in the terpolyrag¢ion is preferably balanced out by means of

freshly metered carbon dioxide.
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The monomers may be introduced separately or tegetith the CQ, either via the liquid surface
or directly into the liquid phase. The monomers iateoduced preferably directly into the liquid
phase, since this has the advantage of rapid mizetgreen the monomers introduced and the
liquid phase, so preventing local concentrationkpeaf the monomers. The introduction into the
liquid phase can be effected via one or more itubes, one or more nozzles or one or more
annular arrangements of multiple metering pointsictv are preferably arranged at the base of the

reactor and/or at the side wall of the reactor.

The three stepsu), (B) and ) can be performed in the same reactor, or eactbegperformed
separately in different reactors. Particularly predd reactor types are stirred tanks, tubular
reactors and loop reactors. If the reaction stepg[{) and §) are performed in different reactors, a

different reactor type can be used for each step.

Polyethercarbonate polyols containing unsaturatedigs can be prepared in a stirred tank, in
which case the stirred tank, depending on desighnamde of operation, is cooled via the reactor
shell, internal cooling surfaces and/or coolingates within a pumped circulation system. Both in
semibatchwise application, in which the produatas removed until after the end of the reaction,
and in continuous application, where the producteimoved continuously, particular attention
should be given to the metering rate of the monemkrshould be set so that, in spite of the
inhibitory effect of the carbon dioxide, the monamare depleted sufficiently rapidly by reaction.
The concentration of free monomers in the reactioxture during the second activation stage
(stepp) is preferably > 0 to 100 wt%, more preferably %0050 wt%, very preferably > 0 to
20 wt% (based in each case on the weight of thetioramixture). The concentration of free
monomers in the reaction mixture during the reac{siepy) is preferably > 0 to 40 wt%, more
preferably > 0 to 25 wt%, very preferably > 0 toWB% (based in each case on the weight of the

reaction mixture).

A further possible embodiment in a stirred tanktfeg copolymerization (stey) is characterized in
that one or more H-functional starter compoundsadse metered continuously into the reactor
during the reaction. In the case of performancéhef process in semi-batchwise operation, the
amount of the H-functional starter compounds whach metered continuously into the reactor
during the reaction is preferably at least 20 ma@tiivalents, more preferably 70 to 95 mol%
equivalents (based in each case on the total anodudfunctional starter compounds). In the case
of continuous performance of the process, the atrmiuthe H-functional starter compounds which
are metered continuously into the reactor during teaction is preferably at least 80 mol%
equivalents, more preferably 95 to 99.99 mol% egjents (based in each case on the total amount

of H-functional starter compounds).

In one preferred embodiment, the catalyst/startetume activated in stepsi( and @) is reacted

further in the same reactor with the monomers aadban dioxide. In another preferred
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embodiment, the catalyst/starter mixture activatedsteps ¢) and ) is reacted further in a

different reaction vessel (for example, a stirradkt tubular reactor or loop reactor) with the
monomers and carbon dioxide. In a further prefeeetbodiment, the catalyst/starter mixture
prepared in stepof is reacted in a different reaction vessel (foaraple, a stirred tank, tubular

reactor or loop reactor) in stegy &nd ) with the monomers and carbon dioxide.

In the case of reaction in a tubular reactor, thmlgst/starter mixture prepared in stej, ©r the
catalyst/starter mixture activated in stepy énd (), and optionally further starters, and also the
monomers and carbon dioxide, are pumped continudhsbugh a tube. When a catalyst/starter
mixture prepared in step)(is used, the second activation stage in gi¢pakes place in the first
part of the tubular reactor, and the terpolymeidrain step {) takes place in the second part of the

tubular reactor. The molar ratios of the co-reastaary according to the desired polymer.

In one process variant, carbon dioxide is meteredsi liquid or supercritical form, in order to
permit optimum miscibility of the components. Ttalwon dioxide can be introduced at the inlet of
the reactor and/or via metering points which amaraged along the reactor, in the reactor. A
portion of the monomers may be introduced at thet of the reactor. The remaining amount of the
monomers is introduced into the reactor preferatdytwo or more metering points arranged along
the reactor. Mixing elements of the kind sold, ésiample, by Ehrfeld Mikrotechnik BTS GmbH
are advantageously installed for more effectiveimgpof the co-reactants, or mixer-heat exchanger
elements, which at the same time improve mixing &edt removal. Preferably, the mixing
elements mix C@which is being metered in and the monomers wighrdaction mixture. In an
alternative embodiment, different volume elemeritshe reaction mixture are mixed with one

another.

Loop reactors can likewise be used to prepare gudyearbonate polyols containing unsaturated
groups. These generally include reactors havingrial and/or external material recycling

(optionally with heat exchange surfaces arrangetiércirculation system), for example a jet loop
reactor or Venturi loop reactor, which can alsodperated continuously, or a tubular reactor
designed in the form of a loop with suitable appaas for the circulation of the reaction mixture,
or a loop of several series-connected tubular oesadr a plurality of series-connected stirred

tanks.

In order to achieve full conversion, the reactigmparatus in which stepy)(is carried out may
frequently be followed by a further tank or a tubdelay tube”) in which residual concentrations
of free monomers present after the reaction arethbby reaction. Preferably, the pressure in this
downstream reactor is at the same pressure as nediction apparatus in which reaction stgps(
performed. The pressure in the downstream reaetor lrowever, also be selected at a higher or
lower level. In a further preferred embodiment, taebon dioxide, after reaction stey), (is fully

or partly released and the downstream reactora@sated at standard pressure or a slightly elevated
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pressure. The temperature in the downstream reiagboeferably 10 to 150°C and more preferably
20 to 100°C. At the end of the post-reaction timeabthe outlet of the downstream reactor, the
reaction mixture preferably contains less than @@ of monomers. The post-reaction time or
the residence time in the downstream reactor iem@ely 10 min to 24 h, especially preferably 10

min to 3 h.

The polyethercarbonate polyols containing unsatdraroups that are obtainable in accordance
with the invention preferably have an OH-functidgtyali.e., average number of OH groups per
molecule) of at least 0.8, preferably of 1 to 8renpreferably of 1 to 6, and very preferably 0b2 t
4.

In an alternative embodiment, the OH groups ararasgd with suitable reagents, prior to the
crosslinking of the polyethercarbonate polyolsgitee crosslinked polyether carbonates, and so the
resulting saturated polyethercarbonate polyol m©®H-functionality of less than 0.8, preferably
less than 0.5 and more preferably less than 0.kpébtific applications, this leads to a lower
polarity of the crosslinked polyethercarbonatesaimiatd after crosslinking, thereby lowering, for
example, the water absorption of the materialstaBle reagents for the saturation of the OH-

functionalities are methylating agents, for example

The molecular weight of the resulting polyethercawdte polyols containing unsaturated groups is
preferably at least 400 g/mol, more preferably #9@ 000 000 g/mol and most preferably 500 to
60 000 g/mol. In an alternative embodiment, theemallar weight of the polyethercarbonate polyol
prior to crosslinking is increased by extensionhwsuitable reagents. Thus, for example, it is
possible to prepare a difunctional polyethercarbmpalyol having an average molecular weight of
> 1000 to< 20 000 and subsequently to extend it to an averagecular weight ok 10 000 to<

5 000 000. Extended polyethercarbonate polyolsepebfy have a molecular weight ®f100 000

to < 50 000 000 and more preferably>06500 000 to< 5 000 000. Suitable reagents for extending
the polyethercarbonate polyols are, for examplspdyanates such as hexamethylene diisocyanate

(HDI), methylenediphenyl diisocyanate (MDI) or toluenesddyanate (TDI).

As suitable H-functional starter compounds (stajtdris possible to use compounds having H
atoms that are active in respect of the alkoxyfati@roups which have active H atoms and are
active in respect of the alkoxylation are, for epdan -OH, -NH (primary amines), -NH-

(secondary amines), -SH and -0 preferably -OH and —N§l especially preferably -OH. As H-

functional starter substance it is possible for there to be.ekample, one or more compounds
selected from the group encompassing mono- or gdht alcohols, polyfunctional amines,

polyfunctional thiols, amino alcohols, thio alcofiohydroxy esters, polyether polyols, polyester
polyols, polyesterether polyols, polyethercarbompatgols, polycarbonate polyols, polycarbonates,
polyethyleneimines, polyetheramines (e.g. so-calieffamin& products from Huntsman, such as
D-230, D-400, D-2000, T-403, T-3000, T-5000 or esponding products from BASF, such as
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Polyetheramine D230, D400, D200, T403, T5000), fmtghydrofurans (e.g. PolyTHFrom
BASF, such as PonTFﬁZZSO, 650S, 1000, 1000S, 1400, 1800, 2000), poatgtrofuranamines
(BASF product Polytetrahydrofuranamine 1700), ptiigethiols, polyacrylate polyols, castor oil,
the mono- or diglyceride of ricinoleic acid, mongegrides of fatty acids, chemically modified
mono-, di- and/or triglycerides of fatty acids, ab#l-C24 alkyl fatty acid esters which contain on
average at least 2 OH groups per molecule. The Z3ldlkyl fatty acid esters which contain on
average at least 2 OH groups per molecule arex@ample, commercial products such as Lupranol
Balanc& (BASF AG), Merginof products (Hobum Oleochemicals GmbH), Soveftmmoducts
(Cognis Deutschland GmbH & Co. KG), and S&JaV products (USSC Co.).

The monofunctional starter compounds used may dmhals, amines, thiols and carboxylic acids.
The monofunctional alcohols used may be: methatbhnol, 1-propanol, 2-propanol, 1-butanol,
2-butanol, tert-butanol, 3-buten-1-ol, 3-butyn-1-&methyl-3-buten-2-ol, 2 methyl-3-butyn-2-ol,
propargyl alcohol, 2-methyl-2-propanoal, tért-butoxy-2-propanol, 1-pentanol, 2-pentanol, 3-
pentanol, 1-hexanol, 2-hexanol, 3-hexanol, 1l-heptaB-heptanol, 3-heptanol, 1l-octanol, 2-
octanol, 3-octanol, 4-octanol, phenol, 2-hydroxyigipyl, 3-hydroxybiphenyl, 4-hydroxybiphenyl,

2-hydroxypyridine, 3-hydroxypyridine, 4-hydroxypgime. Useful monofunctional amines include:
butylamine,tert-butylamine, pentylamine, hexylamine, aniline, ignire, pyrrolidine, piperidine,

morpholine. The monofunctional thiols used may danethiol, 1-propanethiol, 2-propanethiol,
1-butanethiol, 3-methyl-1-butanethiol, 2-buteneiiblt thiophenol. Monofunctional carboxylic

acids include: formic acid, acetic acid, propioagid, butyric acid, fatty acids such as stearid,aci

palmitic acid, oleic acid, linoleic acid, linolerécid, benzoic acid, acrylic acid.

Examples of polyhydric alcohols suitable as H-fiowdl starter substances are dihydric alcohols
(such as, for example, ethylene glycol, diethylgheol, propylene glycol, dipropylene glycol,

1,3-propanediol, 1,4-butanediol, 1,4-butenediol,4-dytynediol, neopentyl glycol, 1,5-

pentanetanediol, methylpentanediols (such as, famele, 3-methyl-1,5-pentanediol), 1,6-
hexanediol; 1,8-octanediol, 1,10-decanediol, 1,d@etanediol, bis(hydroxymethyl)cyclohexanes
(such as, for example, 1,4-bis(hydroxymethyl)cyelame), triethylene glycol, tetraethylene
glycol, polyethylene glycols, dipropylene glycokiptopylene glycol, polypropylene glycols,

dibutylene glycol and polybutylene glycols); trimal alcohols (such as, for example,
trimethylolpropane, glycerol, trishydroxyethyl is@nurate, castor oil); tetrahydric alcohols (such
as, for example, pentaerythritol); polyalcoholsctswas, for example, sorbitol, hexitol, sucrose,
starch, starch hydrolysates, cellulose, cellulogirdiysates, hydroxy-functionalized fats and oils,
especially castor oil), and also all modificatiorogucts of these aforementioned alcohols with

different amounts of-caprolactone.

The H-functional starter substances may also ket from the substance class of the polyether

polyols, especially those having a molecular weightin the range from 100 to 4000 g/mol.
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Preference is given to polyether polyols formearfnepeating ethylene oxide and propylene oxide
units, preferably having a proportion of 35 to 10pfopylene oxide units, more preferably having
a proportion of 50 to 100% propylene oxide unitee3e may be random copolymers, gradient
copolymers, alternating copolymers or block cop@ysnof ethylene oxide and propylene oxide.
Suitable polyether polyols formed from repeatinggyiene oxide and/or ethylene oxide units are,
for example, the DesmopHerAcclaint®, Arcol®, Baycoll, Bayfill®, BayflexX®, Baygaf, PET® and
polyether polyols from Bayer MaterialScience AGr(xample Desmoph&8600Z, Desmophén
1900V, Acclain? Polyol 2200, Acclairfi Polyol 40001, Arcat Polyol 1004, Arcd! Polyol 1010,
Arcol® Polyol 1030, Arcdl Polyol 1070, Baycoll BD 1110, Bayfilf VPPU 0789, Bayg&lK55,
PET® 1004, Polyethér S180). Further suitable homo-polyethylene oxides for example, the
Pluriol® E products from BASF SE; suitable homo-polypropgleoxides are, for example, the
Pluriol® P products from BASF SE; suitable mixed copolymefrethylene oxide and propylene
oxide are, for example, the PluroRieE or Plurio? RPE products from BASF SE.

The H-functional starter substances may also leetsal from the substance class of the polyester
polyols, especially those having a molecular weilghtin the range from 200 to 4500 g/mol.
Polyesters having a functionality of at least twan de used as polyester polyols. Preferably,
polyester polyols consist of alternating acid alwslaol units. Examples of acid components which
can be used include succinic acid, maleic acidemalnhydride, adipic acid, phthalic anhydride,
phthalic acid, isophthalic acid, terephthalic actdirahydrophthalic acid, tetrahydrophthalic
anhydride, hexahydrophthalic anhydride, or mixtumgdsthe stated acids and/or anhydrides.
Examples of alcohol components used include ethaheld2-propanediol, 1,3-propanediol, 1,4-
butanediol, 1,5-pentanediol, neopentyl glycol, Aeganediol, 1,4-bis(hydroxymethyl)cyclohexane,
diethylene glycol, dipropylene glycol, trimethylofgpane, glycerol, pentaerythritol, or mixtures of
the stated alcohols. If the alcohol components @seddihydric or polyhydric polyether polyols,
the result is polyester ether polyols which capwise serve as starter substances for prepardtion o
the polyether carbonate polyols. Preference isngteeusing polyether polyols with M= 150 to
2000 g/mol for preparation of the polyester etralyqls.

As H-functionalstarter substances it is additionally possiblede polycarbonate diols, especially
those having a molecular weight,Nh a range from 150 to 4500 g/mol, preferably 50®500
g/mol, which are prepared, for example, by reactibrphosgene, dimethyl carbonate, diethyl
carbonate or diphenyl carbonate and difunctionablabls or polyester polyols or polyether
polyols. Examples relating to polycarbonates arandb for example in EP-A 1359177. As
polycarbonate diols it is possible for example &e tthe Desmoph&nC grades from Bayer
MaterialScience AG, such as Desmopgh@n1100 or Desmoph&rC 2200, for example.

In a further embodiment of the invention, it is pib&e to use polyethercarbonate polyols and/or

polyetherestercarbonate polyols as H-functionatestgubstances. In particular it is possible ® us
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polyetherestercarbonate polyols. These polyetrenesbonate polyols used as H-functiostarter

substances may for this purpose be prepared ipaaege reaction step beforehand.

The H-functional starter substances generally laav®H-functionality (i.e. the number of H atoms
active in respect of the polymerization per molegwf 1 to 8, preferably of 2 to 6 and more
preferably of 2 to 4. The H-functional starter dabses are used either individually or as a mixture

of at least two H-functional starter substances.

Preferred H-functionasdtarter substances are alcohols with a compositicording to the general

formula (1),
HO-(CH,)x-OH ()]

where x is a number from 1 to 20, preferably ameawember from 2 to 20. Examples of alcohols
as per formula () are ethylene glycol, 1,4-butanledl,6-hexanediol, 1,8-octanediol, 1,10-
decanediol and 1,12-dodecanediol. Further prefdiréanctionalstarter substances are neopentyl
glycol, trimethylolpropane, glycerol, pentaerytbkjtreaction products of the alcohols of formula
() with e-caprolactone, e.g. reaction products of trimetipytipane withe-caprolactone, reaction
products of glycerol withe-caprolactone, and reaction products of pentaetgthwith e-
caprolactone. Preference is further given to usimy,H-functional starter compounds, water,
diethylene glycol, dipropylene glycol, castor adlprbitol and polyether polyols formed from

repeating polyalkylene oxide units.

More preferably, the H-functional starter substasrae one or more compounds selected from the
group consisting of ethylene glycol, propylene glycl,3-propanediol, 1,3-butanediol, 1,4-
butanediol, 1,5-pentanediol, 2-methylpropane-1¢8;di neopentyl glycol, 1,6-hexanediol,
diethylene glycol, dipropylene glycol, glycerolintbethylolpropane, di- and trifunctional polyether
polyols, where the polyether polyol has been fornfiemmin a di- or tri-H-functional starter
compound and propylene oxide or a di- or tri-H-fimal starter compound, propylene oxide and
ethylene oxide. The polyether polyols preferablwehan OH-functionality of 2 to 4 and a
molecular weight Min the range from 62 to 4500 g/mol and more paldity a molecular weight

M, in the range from 62 to 3000 g/mol.

Double metal cyanide (DMC) catalysts for use in leenopolymerization of epoxides are known
in principle from the prior art (see, for exampléS-A 3 404 109, US-A 3 829 505, US-A 3 941
849 and US-A 5 158 922). DMC catalysts which argcdbed in, for example, US-A 5 470 813,
EP-A 700 949, EP-A 743 093, EP-A 761 708, WO 9788)0NO 98/16310 and WO 00/47649
possess a very high activity and permit the pradoaf polyethercarbonates at very low catalyst
concentrations. A typical example is that of thghly active DMC catalysts which are described in

EP-A 700 949 and contain, as well as a double metanide compound (e.g. zinc
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hexacyanocobaltate(lll)) and an organic complearid (e.gtert-butanol), also a polyether having

a number-average molecular weight greater thargho0l.
The DMC catalysts which can be used in accordarittetke invention are preferably obtained by

(1.) in the first step, reacting an aqueous satutiba metal salt with the aqueous solution of a

metal cyanide salt in the presence of one or maganic complex ligands, e.g. an ether or alcohol,

(2.) in the second step, using known techniquesh(as centrifuging or filtering) to remove the

solid from the suspension obtained from (a),

(3.) optionally, in a third step, washing the isethsolid with an aqueous solution of an organic

complex ligand (e.g. by resuspending and subselyuegdin isolating by filtering or centrifuging),

(4.) and subsequently drying the resulting soldiamally after pulverizing, at temperatures of in

general 20-120°C and at pressures of in generahbdr to atmospheric pressure (1013 mbar),

and with addition, in the first step or immediatelfter the precipitation of the double metal
cyanide compound (second step), of one or morenargaomplex ligands, preferably in excess
(based on the double metal cyanide compound), aiobrally of further complex-forming

components.

The double metal cyanide compounds included in D&C catalysts which can be used in
accordance with the invention are the reaction yctsd of water-soluble metal salts and water-

soluble metal cyanide salts.

For example, an aqueous zinc chloride solutionf¢pably in excess relative to the metal cyanide
salt) and potassium hexacyanocobaltate are mixedtla@n dimethoxyethane (glyme) tert-
butanol (preferably in excess, relative to zinc dwanocobaltate) is added to the resulting

suspension.

Metal salts suitable for preparation of the douletal cyanide compounds preferably have a

composition according to the general formula (11),
M(X)n (1),
where

M is selected from the metal cations’ZiF€”, Ni?*, Mn?*, C&*, SF*, Sit*, P and C4": M is
preferably ZA*, F&*, Co* or Ni**,
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X is one or more (i.e. different) anions, prefeyadoh anion selected from the group of the halides
(i.e. fluoride, chloride, bromide, iodide), hydrdei sulfate, carbonate, cyanate, thiocyanate,

isocyanate, isothiocyanate, carboxylate, oxalatiergnate;
nis 1 if X = sulfate, carbonate or oxalate and

nis 2 if X = halide, hydroxide, carboxylate, cytmahiocyanate, isocyanate, isothiocyanate or

nitrate,

or suitable metal salts preferably have a compmsticcording to the general formula (111),
Mi(X)3 (m,

where

M is selected from the metal cations Fé\l**, Co™* and C¥",

X comprises one or more (i.e. different) aniongf@rably an anion selected from the group of the
halides (i.e. fluoride, chloride, bromide, iodideydroxide, sulfate, carbonate, cyanate,

thiocyanate, isocyanate, isothiocyanate, carboaytatalate and nitrate;
ris 2 if X = sulfate, carbonate or oxalate and

ris 1 if X = halide, hydroxide, carboxylate, cyémahiocyanate, isocyanate, isothiocyanate or

nitrate,

or suitable metal salts preferably have a commrsticcording to the general formula (1V),
M(X) s (IV),

where

M is selected from the metal cations ¥ov** and W,

X comprises one or more (i.e. different) aniongf@rably an anion selected from the group of the
halides (i.e. fluoride, chloride, bromide, iodideydroxide, sulfate, carbonate, cyanate,

thiocyanate, isocyanate, isothiocyanate, carboaytatalate and nitrate;
s is 2 if X = sulfate, carbonate or oxalate and

s is 4 if X = halide, hydroxide, carboxylate, cysmdhiocyanate, isocyanate, isothiocyanate or

nitrate,

or suitable metal salts preferably have a compmsticcording to the general formula (V),
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M(X) V),
where
M is selected from the metal cations Mand W*,

X comprises one or more (i.e. different) aniongfg@rably anions selected from the group of the
halides (i.e. fluoride, chloride, bromide, iodideydroxide, sulfate, carbonate, cyanate,

thiocyanate, isocyanate, isothiocyanate, carboaytatalate and nitrate;
tis 3 if X = sulfate, carbonate or oxalate and

tis 6 if X = halide, hydroxide, carboxylate, cyémahiocyanate, isocyanate, isothiocyanate or

nitrate.

Examples of suitable metal salts are zinc chlorilec bromide, zinc iodide, zinc acetate, zinc
acetylacetonate, zinc benzoate, zinc nitrate, ifpis(lfate, iron(ll) bromide, iron(ll) chloride,
iron(lll) chloride, cobalt(ll) chloride, cobalt(llthiocyanate, nickel(ll) chloride and nickel(ll)

nitrate. It is also possible to use mixtures ofatént metal salts.

Metal cyanide salts suitable for preparing the d®ubetal cyanide compounds preferably have a

composition according to the general formula (VI)
(Y)a M'(CN), (A)c VD),
where

M' is selected from one or more metal cations ftbengroup consisting of Fe(ll), Fe(lll), Co(ll),
Co(llN), Cr(l1), Cr(lit), Mn(ll), Mn(l1), Ir(l11), Ni(ll), Rh(lI), Ru(ll), V(IV) and V(V); M'is
preferably one or more metal cations from the groupsisting of Co(ll), Co(lll), Fe(ll), Fe(lll),
Cr(lll), Ir(l11) and Ni(ll),

Y is selected from one or more metal cations froengroup consisting of alkali metal (i.e” Li
Na', K*, Rb") and alkaline earth metal (i.e. BeMg*, C&*, S*#*, B&),

A is selected from one or more anions from the groonsisting of halides (i.e. fluoride, chloride,
bromide, iodide), hydroxide, sulfate, carbonat@mate, thiocyanate, isocyanate, isothiocyanate,

carboxylate, azide, oxalate and nitrate, and

a, b and c are integral numbers, the values foramd c being selected such as to ensure the
electroneutrality of the metal cyanide salt; arisf@rably 1, 2, 3 or 4; b is preferably 4, 5 oc6;

preferably possesses the value 0.
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Examples of suitable metal cyanide salts are sodiexacyanocobaltate(lll), potassium
hexacyanocobaltate(lll), potassium hexacyanofdiigtpotassium hexacyanoferrate(lll), calcium

hexacyanocobaltate(lll) and lithium hexacyanocata(ll).

Preferred double metal cyanide compounds includeithe DMC catalysts which can be used in
accordance with the invention are compounds hadagpositions according to the general
formula (VII)

MJ[M',,(CN)], (Vi)
in which M is defined as in the formulae (ll) to)(&nd
M' is as defined in formula (VI), and

X, X', y and z are integers and are chosen sogigdcelectron neutrality of the double metal

cyanide compound.

Preferably,
x=3,X=1,y=6and z =2,

M = Zn(ll), Fe(ll), Co(ll) or Ni(ll) and
M’ = Co(lll), Fe(lll), Cr(ll1) or Ir(lll).

Examples of suitable double metal cyanide compow)dare zinc hexacyanocobaltate(lll), zinc
hexacyanoiridate(lll), zinc hexacyanoferrate(lindacobalt(ll) hexacyanocobaltate(lll). Further
examples of suitable double metal cyanide compouadshe found, for example, in US 5 158 922
(column 8, lines 29-66). With particular preferencé is possible to use zinc

hexacyanocobaltate(lll).

The organic complex ligands which can be addechéengreparation of the DMC catalysts are
disclosed in, for example, US-A 5 158 922 (seeparticular, column 6, lines 9 to 65), US 3 404
109, US 3 829 505, US 3 941 849, EP-A 700 949, ERSA708, JP 4 145 123, US 5 470 813, EP-
A 743 093 and WO-A 97/40086). For example, the wiggaomplex ligands used are water-
soluble, organic compounds having heteroatoms ascbxygen, nitrogen, phosphorus or sulfur,
which can form complexes with the double metal @y@arcompound. Preferred organic complex
ligands are alcohols, aldehydes, ketones, eth&liexseamides, ureas, nitriles, sulfides and mastur

thereof. Particularly preferred organic complex aligs are aliphatic ethers (such as
dimethoxyethane), water-soluble aliphatic alcoh@dsich as ethanol, isopropanol, n-butanol,
isobutanol, sec-butanol, tert-butanol, 2-methyld®en-2-0l and 2-methyl-3-butyn-2-ol),

compounds which include both aliphatic or cycldadific ether groups and aliphatic hydroxyl
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groups (such as ethylene glycol mono-tert-butyketldiethylene glycol mono-tert-butyl ether,
tripropylene glycol monomethyl ether and 3-methdx@&tanemethanol, for example). Extremely
preferred organic complex ligands are selected fmme or more compounds of the group
consisting of dimethoxyethane, tert-butanol 2-mk8puten-2-ol, 2-methyl-3-butyn-2-ol,

ethylene glycol mono-tert-butyl ether and 3-metBydxetanemethanol.

In the preparation of the DMC catalysts that caruked in accordance with the invention, one or
more complex-forming components are optionally u$esm the compound classes of the
polyethers, polyesters, polycarbonates, polyalleg/lgtycol sorbitan esters, polyalkylene glycol
glycidyl ethers, polyacrylamide, poly(acrylamide-gorylic acid), polyacrylic acid, poly(acrylic
acid-co-maleic acid), polyacrylonitrile, polyalkgcrylates, polyalkyl methacrylates, polyvinyl
methyl ether, polyvinyl ethyl ether, polyvinyl aat#, polyvinyl alcohol, poly-N-vinylpyrrolidone,
poly(N-vinylpyrrolidone-co-acrylic acid), polyvinyl methyl ketone, poly(4-vinylphenol),
poly(acrylic acid-co-styrene), oxazoline polymepslyalkyleneimines, maleic acid copolymers
and maleic anhydride copolymers, hydroxyethylceliel and polyacetals, or of the glycidyl ethers,
glycosides, carboxylic esters of polyhydric alcaghaallic acids or salts, esters or amides thereof,
cyclodextrins, phosphorus compound$-unsaturated carboxylic esters, or ionic surfaderaor

interface-active compounds.

In the preparation of the DMC catalysts that canulsed in accordance with the invention,
preference is given to using the aqueous solutdrise metal salt (e.g. zinc chloride) in the first
step in a stoichiometric excess (at least 50 moiétative to the metal cyanide salt. This
corresponds at least to a molar ratio of metal tealhetal cyanide salt of 2.25:1.00. The metal
cyanide salt (e.g. potassium hexacyanocobaltategisted in the presence of the organic complex
ligand (e.g. tert-butanol) to form a suspensionclhgontains the double metal cyanide compound

(e.g. zinc hexacyanocobaltate), water, excess rsaltaland the organic complex ligand.

This organic complex ligand may be present in tpgeaus solution of the metal salt and/or of the
metal cyanide salt, or it is added directly to thespension obtained after precipitation of the
double metal cyanide compound. It has been foundetoadvantageous to mix the agueous
solutions of the metal salt and of the metal cyarsdlt, and the organic complex ligand by stirring
vigorously. Optionally, the suspension formed ia finst step is subsequently treated with a further
complex-forming component. The complex-forming comgnt is preferably used in a mixture

with water and organic complex ligand. A prefermdcess for performing the first step (i.e. the
preparation of the suspension) is effected usingixng nozzle, more preferably using a jet

disperser, as described, for example, in WO-A 08339

In the second step, the solid (i.e. the precurftine catalyst) can be isolated from the suspension

by known techniques, such as centrifugation aatiion.
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In a preferred execution variant, the isolatedds@isubsequently washed in a third process step
with an aqueous solution of the organic complearid) (for example by resuspension and
subsequent reisolation by filtration or centrifuga}. In this way, for example, water-soluble
byproducts, such as potassium chloride, can be vedhérom the catalyst that can be used in
accordance with the invention. The amount of thgaoic complex ligand in the agueous wash

solution is preferably between 40 and 80 wt%, basethe overall solution.

Optionally in the third step the aqueous wash smius admixed with a further complex-forming

component, preferably in a range between 0.5 amt¥g based on the overall solution.

Moreover, it is advantageous to wash the isolatéid snore than once. In a first washing step (3.-
1), washing takes place preferably with an aqusoligion of the unsaturated alcohol (for example
by resuspension and subsequent reisolation bwtfdtr or centrifugation), in order thereby to
remove, for example, water-soluble byproducts, aglpotassium chloride, from the catalyst that
can be used in accordance with the invention. Theuat of the unsaturated alcohol in the aqueous
wash solution is more preferably between 40 andt80, based on the overall solution of the first
washing step. In the further washing steps (3eRher the first washing step is repeated one or
more times, preferably from one to three times,poeferably, a nonaqueous solution, such as a
mixture or solution of unsaturated alcohol andHertcomplex-forming component (preferably in
the range between 0.5 and 5 wt%, based on theawialint of the wash solution of step (3.-2)), is
employed as the wash solution, and the solid ihdsvith it one or more times, preferably one to

three times.

The isolated and optionally washed solid can thendhbed, optionally after pulverization, at

temperatures of 20-100°C and at pressures of Oat takatmospheric pressure (1013 mbar).

One preferred method for isolating the DMC catalyisiat can be used in accordance with the
invention from the suspension by filtration, fikeke washing and drying is described in WO-
A 01/80994.

The unsaturated comonomers may be distributed malydar in blocks in the polyethercarbonate

polyols. Gradient polymers can also be used.

Further embodiments and aspects of the inventian edncidated hereinafter. They can be

combined with one another as desired, unless thesite is clear from the context.

In a further refinement of the process, the unséédr compound as pey2) is an unsaturated

cyclic anhydride having a double bond adjacent ¢ardonyl group. Unsaturated cyclic anhydrides
having a double bond adjacent to a carbonyl grauphbe utilized extremely selectively and with
high conversions, by the process of the inventionthe synthesis of polyethercarbonate polyols

having unsaturated groups. Additionally, as a teetilincorporation of cyclic anhydrides, the
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resulting polyethercarbonate polyol contains egemups. The ease of incorporation of the
unsaturated cyclic anhydrides into the resultingygtbercarbonate polyols is very likely due to
effective interaction of these monomers with the ©htalyst, leading to sufficient reactivity on
the part of this class of substance. Furthermarparticular, a carbonyl substitution adjacenti® t
double bond may lead to reduced electron densityspécific double bonds within the
polyethercarbonate polyols having unsaturated growhich lend themselves well to conversion

within further radical reactions.

In one additional aspect of the process, the uretatl compound as per2) conforms to one of
the formulae (VIII), (IX) or (X),

0=9~_0 Oy-0 O O~F°
g 0 AN
R' R? Rig, \ Rg
2 R4 R2
R3
(V1) (IX) (X)

where R — R, independently of one another are H, halogen, gutest or unsubstituted C1-C22
alkyl or substituted or unsubstituted C6-C12 a@yclic anhydrides shown above, with the
substitution pattern described, have proven pdatiu advantageous for the introduction of
electron-poor double bond into the polyethercarbommlyol having unsaturated groups. On the
one hand, their conversion within the process efitlvention is largely complete and proceeds at a
high rate, and on the other hand it is possiblefdiother radical conversions to be carried out,
crosslinking reactions for example, without probéeiithout being tied by the theory, this may
be attributed very probably to the low-bulk suhsditts and hence to an unhindered access to the
double bond.

Preferred compounds of the formulae (VIII), (IX)dar{X) are maleic anhydride, itaconic
anhydride, chloromaleic anhydride, and dichloroicaéahydride. Particular preference is given to

maleic anhydride.

Further unsaturated compounds as p2) ére mixed esters of fumaric or maleic acid, cosnpg a

glycidyl ester and an ester of a C1 to C22 alkanbla C5 to C15 cycloalkanol, or C7 to C14
aralkanol. Compounds of these groups are glycidgthgi fumarate, glycidyl methyl maleinate,
ethyl glycidyl fumarate, ethyl glycidyl maleinata,tyl glycidyl fumarate, butyl glycidyl maleinate,
cyclohexyl glycidyl fumarate, cyclohexyl glycidyl ateinate, benzyl glycidyl fumarate, or benzyl

glycidyl maleinate.

Compounds belonging both to groy2) and groupy1) are likewise mixed esters of fumaric acid

or maleic acid, comprising a glycidyl ester and emter of a double bond-containing alcohol.
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Compounds of this group are allyl glycidyl fumaraddlyl glycidyl maleinate, and the esters of

fumaric or maleic acid with glycidyl and trimethjjoopane diallyl ether.

In a further characteristic feature of the procehs, unsaturated compound as pg?) (is an
unsaturated epoxide selected from the group ofiyedyl esters ofo,p-unsaturated acids. The
glycidyl esters ofi,f-unsaturated acids also exhibit a selective andl raaction for the synthesis
of the polyethercarbonate polyol having unsaturgtedips. This is probably due to their particular
steric construction, which facilitates effectivedraction with the DMC catalyst. Furthermore, the
unsaturated groups incorporated in this way ingopblyethercarbonate polyol provide good steric
and electronic conditions for rapid and high-yietthversions as part of further radically initiated

reactions.

In a further refinement of the process, the unsétdr compound as pey2) conforms to the

formula (XI):

R O (X1),

where R - R; independently of one another are H, halogen, gutet or unsubstituted C1-C22
alkyl or substituted or unsubstituted C6-C12 aAd.preferred representatives of the group of the
glycidyl esters ofa,p-unsaturated acids, the compounds of formula (Xdpve display a
substitution pattern which is particularly suitalbte the synthesis of polyethercarbonate polyols
having unsaturated groups. This class of compoandbe reacted with high yields, by means of
the DMC catalyst employable in accordance withitivention, to give polyethercarbonate polyols
having unsaturated groups. Furthermore, as a restifte steric and electronic conditions in the
region of the double bond, there may be good oppii¢s for further reaction to give higher-
molecular-weight, crosslinked polyethercarbonaRssticularly preferred compounds are glycidyl

acrylate or glycidyl methacrylate.
Other glycidyl esters of group?) are glycidyl cinnamate or glycidyl sorbate.

Furthermore, within one preferred embodiment of ghecess, the temperature in stgprfiay be
greater than or equal to 60°C and less than orlemud50°C. In a particularly preferred
embodiment of the process, the temperature in(g)emay be greater than or equal to 80°C and
less than or equal to 130°C, and very preferatdatgr than or equal to 90°C and less than or equal
to 120°C. This temperature range during the polyzagon has proven particularly suitable for
synthesis of the polyethercarbonate polyols comginnsaturated groups with a sufficient reaction
rate and with a high selectivity. In the range afi¢r temperatures, the reaction rate which comes

about may only be inadequate, and, at higher temyes, the fraction of unwanted byproducts
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may increase too greatly. If temperatures are walebat are too high, there may, for example, be

premature crosslinking of the unsaturated groups.

In a further embodiment of the process, the unatgdrcompound as peylj is selected from the
group encompassing allyl glycidyl ether, vinyl ayloéxene oxide, cyclooctadiene monoepoxide,
cyclododecatriene monoepoxide, butadiene monoeppisdprene monoepoxide, limonene oxide,
1,4-divinylbenzene monoepoxide, 1,3-divinylbenzemenoepoxide, glycidyl ester of unsaturated
fatty acids (such as oleic acid, linoleic acid, joene fatty acid or linoleic acid) and/or partly
epoxidized fats and oils (such as partly epoxidiegbean oil, linseed oil, rapeseed oil, palm pil o

sunflower oil).

The group of monomers listed above with electrah-rilouble bonding can be converted into
polyethercarbonate polyols having unsaturated growjih very high yields and sufficiently rapid

reaction kinetics, very probably on account of thatéric circumstances. The polyethercarbonate
polyols obtained have unsaturated groups with act@n-rich double bond and can be converted
very effectively to higher-molecular-weight polyetharbonate as part of further reactions, as for

example in radical crosslinking reactions.

In a further embodiment of the process, the unatgdrcompound as perl| is a cyclic anhydride

which contains electron-rich double bonds. Exampfesuch cyclic anhydrides are 4-cyclohexene-
1,2-doic anhydride, 4-methyl-4-cyclohexene-1,2-dioianhydride, 5,6-norbornene-2,3-dioic
anhydride, dodecenylsuccinic anhydride, tetraddsenginic anhydride, hexadecenylsuccinic
anhydride or octadecenylsuccinic anhydride, thebttbond in the case of the alkenylsuccinic
anhydrides not being an exo-double bond on the filhgough incorporation of cyclic anhydrides
of this kind, containing electron-rich double bondke resulting polyethercarbonate polyol

additionally contains ester groups.

In one additional refinement of the process, theaturated compound with electron-poor double
bonding may conform to one of the formulae (VII)X), (X) or (XI), and the unsaturated

compound with electron-rich double bond may be ciete from the group encompassing allyl
glycidyl ether, vinylcyclohexene oxide, cyclooctawe monoepoxide, cyclododecatriene

monoepoxides, butadiene monoepoxide, isoprene moxake or limonene oxide.

Further in accordance with the invention is a pthigecarbonate polyol containing unsaturated
groups, preparable by the process of the inventidme polyethercarbonate polyols having
unsaturated groups of different electron densityaimable by the process of the invention, may be
distinguished by a very low residual fraction ofrescted monomers and by a low velocity. The
polymer scaffold provides little steric shieldingr the double bonds of the polymer chain, which,
consequently, are readily accessible for furthactiens. The mixture of double bonds which differ

in their electron-rich status, in particular, mayglify the further radical conversion.
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In a further embodiment, the molar ratio of the llewonds with substituents as pgl)(to double
bonds with substituents as peR), including the structural units originally froeyclic anhydrides,
in the polymer, is less than or equal to 3:1 arehggr than or equal to 1:3, preferably less than or
equal to 2:1 and greater than or equal to 1:2, pegferably less than or equal to 1.3:1 and greater

than or equal to 1:1.3.

It has emerged, surprisingly, that polyethercarbmpalyols having unsaturated groups with a ratio
of electron-poor to electron-rich double bonds imiththe range specified above may have
particularly favorable properties in the contextuther crosslinking reactions. Accordingly, ireth

case of polyethercarbonate polyols having unsadrgtoups with larger or smaller ratios, there
may be adverse effects on the reaction kinetiecgagslinking reactions. This may be such that it is
necessary to accept possibly longer crosslinkimgedi or there may be only incomplete

conversion.

In an additional refinement of the process, thraft carbonate ester groups to ether groups in the
polyethercarbonate polyol may be less than or emquall and greater than or equal to 1:3. This
guantitative range for the incorporation of unsatied monomers and of the €las proven to be
particularly favorable for the polyethercarbonatelypls having unsaturated groups that are
preparable by the process of the invention. Thgeamay in particular be advantageous not only
for the macroscopic properties of the polymer, saslihe viscosity, for example, but also for the

reactivity within further crosslinking reactions.

Within one preferred characteristic feature, theasgl transition temperature of the
polyethercarbonate polyol having unsaturated groupg be greater than or equal to -60°C and
less than or equal to 80°C. Furthermore, the dlassition temperature of the polyethercarbonate
polyol having unsaturated groups may preferabliebs than or equal to 50°C and more preferably
less than or equal to 30°C. The lower limit on thkass transition temperature may be
preferably -40°C and more preferably -20°C. Thisge of the glass transition temperatures is
advantageous for ease of processing of the polyrdergason for this is that the stated glass
transition temperature range is linked with advgatas viscosity of the polymers. Higher glass
transition temperatures, in contrast, are disadgptus because the viscosity of the
polyethercarbonate polyol having unsaturated groigosoo high at the usual processing
temperatures, this generally having the effectnmomplete conversion in further crosslinking
reactions. Without being tied by the theory, theaadageous glass transition temperatures of the
polyethercarbonate polyols of the invention havimgaturated groups come about through their
polymer chain construction and the steric effedtdshe monomers used. The glass transition
temperature can be measured using techniques kiwotkie skilled person for determination, such
as by DSC (Differential Scanning Calorimetry) or BMDynamic Mechanical Analysis), for

example. The glass transition temperature is détexdrpreferably by DSC methods in accordance
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with 1SO 6721-11 (Plastics — Determination of DymaiMechanical Properties — Part 11: Glass

Transition Temperature).

Further in accordance with the invention is a psscr crosslinking polyethercarbonate polyols

comprising unsaturated groups, the unsaturatecbgroomprising:

(1) double bonds comprising a substituent selected ftben group of -OX -OCOX, -
X!, -CH,OX! and/or -CH=CHX where X in each case is substituted or unsubstituted
alkyl, substituted or unsubstituted cycloalkyl, stioted or unsubstituted aryl or a

substituted or unsubstituted methylene chain;
and

(62) double bonds comprising a substituent selecteth fthe group of -F, -Cl, -Br, -I, -
COH, -COX¥, -CO0X, -C=N and/or -NQ, where X in each case is substituted or
unsubstituted alkyl, substituted or unsubstitutgdiaalkyl, substituted or unsubstituted

aryl or a substituted or unsubstituted methylerargh

the polyethercarbonate polyols being reacted wikh another with addition of an initiator selected

from the group of the photoinitiators, metal-actediperoxides and/or redox initiators.

Within this further process step, not only mixtures polyethercarbonate polyols containing
electron-rich double bonds with polyethercarbommetiyols containing electron-poor double bonds
but also polyethercarbonate polyols containingtedeerich and electron-poor double bonds within
the same molecule can be reacted with one andfherradical polymerization can be initiated

using

e initiators which are described in Myers, Terry NrkkOthmer, Encyclopedia of Chemical
Technology (5th edition) (2005), 14 274-311 or iavihgton, John C. Makromolekulare
Chemie, Macromolecular Symposia (1987), 10(1), 89;

e photoinitiators which are described in FouassiegnJPierre; Allonas, Xavier; Lalevee,
Jacques; Dietlin, Celine. Photochemistry and PHutsigs of Polymer Materials (2010),
351-419;

e metal-activated peroxides which are described ina,Sn€hristian, Angewandte
Makromolekulare Chemie (1969), 9 165-181, or

- redox initiators which are described in Misra, GBajpai U. D. N. Progress in Polymer
Science (1982) 8 (1-2), 61-131

The radical initiators can be used in amounts OfL& wt%, based on the polyethercarbonate

polyol; redox initiators are a mixture of an oxidig substance and a reducing substance, and
photoinitiators of type Il require the additionahydrogen donor, such as an amine or a mercapto

compound.
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In a further refinement of the process, a mixtur@ayethercarbonate polyols having unsaturated
groups comprising double bonds as pHdr) @nd of polyethercarbonate polyols having unsasar
groups comprising double bonds as p&?)(can be crosslinked. The process of the invention
therefore includes not only the reaction of polgetlharbonate polyols having unsaturated groups
which feature electron-rich and electron-poor geowthin the same polymer, but also the reaction
of two different polymer species with unsaturatedugs one of which has only electron-rich
double bonds and the other of which has only elegboor double bonds. In particular, a
crosslinking reaction between these two differenlymer species may contribute to a process
regime with similar advantage to the use of onlg polymer species having two types of double
bond.

Within one preferred embodiment of the processjnhiator can be added in an amount of greater
than or equal to 0.01 wt% and less than or equalwt, based on the polyethercarbonate polyol.
Advantageously it is possible to use the quantitiniiators stated above in order to crosslink the
polyethercarbonate polyols having unsaturated grougwer concentrations of initiator may result
in uneven and excessively slow reaction of the twmgtged groups in the individual
polyethercarbonate polyol molecules, while largameentrations of initiator may lead to a reaction

which is difficult to control, with product propéss that are poorly reproducible.

Further in accordance with the invention is a dioksd polyethercarbonate obtainable by the
crosslinking process of the invention. The crogslth polyethercarbonates obtainable by the
process of the invention exhibit reproducible meate properties. This is probably because of an
advantageous viscosity of the reactants used aadantageous crosslinking reaction through use
of electron-rich and electron-poor double bonddss Thay be significantly more advantageous by

comparison with the use of only one kind of douined.

The crosslinked polyethercarbonates obtainable rdoggly may find use as rubbers, sealants,
adhesives, coating materials, or thermoset moldifigiey are obtainable from liquid starting

products which are easy to process, and, in cdrtbamsaturated polyesters, they contain no low
molecular mass monomers, such as styrene, vingt®tr vinyl esters. Furthermore, the mixtures
to be cured may be solvent-free. The crosslinkdgetioercarbonates may also be suitable for use

for printing inks, lithography or stereolithograptmpid prototyping).
A further subject of the present invention is a position comprising:

- a first polyethercarbonate polyol containing doutisds, the double bonds comprising a
substituent which is selected from the group of X*'0-OCOX, -X! CHOX*
and/or -CH=CHX, where X in each case is substituted or unsubstituted adkpstituted
or unsubstituted cycloalkyl, substituted, substitubr unsubstituted aryl or a substituted or

unsubstituted methylene chain; and
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- a second polyethercarbonate polyol containing dobbhds, the double bonds comprising
a substituent which is selected from the group Ef Cl, -Br, -I, -COH, -COX -
COOX?, -C=N and/or -NQ, where X in each case is substituted or unsubstituted alkyl
substituted or unsubstituted cycloalkyl, substdute unsubstituted aryl or a substituted or

unsubstituted methylene chain.

This composition can be crosslinked in accordanitie tlve process described above. Accordingly
it can be described as a mixture comprising pobretirbonate polyols having unsaturated groups
as per §1) and of polyethercarbonate polyols having unsatar groups comprising double bonds

as per §2).

The first and second polyethercarbonate polyols beprepared in analogy to the process of the
invention for preparing polyethercarbonate polywdsing unsaturated groups, with only one of

the groups of compoundg,1{) or ¢2) being used in each case in stgp (

Further in accordance with the invention is a muddhaving a layer comprising a crosslinked

polyethercarbonate of the invention. The crosslingelyethercarbonates producible in accordance
with the invention may be particularly suitable fanstruction of mechanically stable layers on
moldings, since the polyethercarbonate polyols e tnvention can be placed simply and

reproducible on moldings, and since a further dmdgag reaction, with radical initiators, for

example, can be carried easily and reproducibly.

For further advantages and features of the abosertbed molding, reference is hereby made
explicitly to the elucidations in connection withetpolyethercarbonate polyols of the invention and
with the process of the invention. Inventive featuand advantages of the polyethercarbonate
polyols are also intended to be applicable forghazess of the invention and for the moldings of
the invention, and are considered to be disclosedugh, and vice versa. The invention also
encompasses all combinations of at least two featdisclosed in the description and/or in the

claims.

In a first embodiment, therefore, the inventiorate$ to a process for preparing polyethercarbonate
polyols, the polyethercarbonate polyols comprisiogble bonds, the process comprising the steps
of:
(o) initially introducing a catalyst and
(o) @ suspension medium which contains no H-functignaups
and/or
(ap) an H-functional starter compound
(y) metering in carbon dioxide, an epoxide which aorg no unsaturated group, and at

least two unsaturated compounds,
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characterized in that the unsaturated compoundsretein stepy| are selected from the group of

the unsaturated epoxides and/or unsaturated @yafigdrides, and

(yl) one of the unsaturated compounds comprises a ddadsld comprising at least one
substituent selected from the group of ‘OXOCOX, -X*, -CH,OX" and/or -CH=CHX, where X
in each case is substituted or unsubstituted alkybstituted or unsubstituted cycloalkyl,

substituted or unsubstituted aryl or a substitotednsubstituted methylene chain;

(y2) and another of the unsaturated compounds comgidesble bond comprising at least one
substituent selected from the group of -F, -Cl,, Br-COH, -COX, -COOX?, -C=N and/or -NQ

or is an unsaturated, substituted or unsubstitayetic, where X in each case is substituted or
unsubstituted alkyl, substituted or unsubstitutgdaalkyl, substituted or unsubstituted aryl or a

substituted or unsubstituted methylene chain;

and where additionally, if no H-functional startmwmpound is introduced in step)( step {)

comprises the metering in of an H-functional stactanpound.

In a second embodiment, the invention relates fiwomess according to the first embodiment,

further comprising the stef) between stepu and stepy):
(B) metering in of at least one epoxide.

In a third embodiment, the invention relates to racpss according to the first or second

embodiment, the catalyst being a DMC catalyst.

In a fourth embodiment, the invention relates wacess according to one of embodiments 1 to 3,
the unsaturated compound as p@) being an unsaturated cyclic anhydride havingebté bond

adjacent to a carbonyl group.

In a fifth embodiment, the invention relates toragess according to any of embodiments 1 to 4,
the unsaturated compound as pgl) (being an unsaturated epoxide selected from tbepgof

glycidyl esters ofy,3-unsaturated acids.

In a sixth embodiment, the invention relates ta@ess according to any of embodiments 1 to 5,

the temperature in step) (being greater than or equal to 60°C and less ¢hagual to 150°C.

In a seventh embodiment, the invention relates ppooaess according to any of embodiments 1 to
6, the unsaturated compound as pé&j) peing selected from the group encompassing glijyidyl
ether, vinylcyclohexene oxide, cyclooctadiene mguoo@e, cyclododecatriene monoepoxide,
butadiene monoepoxide, isoprene monoepoxide, limmneoxide, 1,4-divinylbenzene
monoepoxide, 1,3-divinylbenzene monoepoxide, gigcabters of unsaturated fatty acids and/or

partially epoxidized fats and oils.
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In an eighth embodiment, the invention relates tgpayethercarbonate polyol containing

unsaturated groups, preparable by a process angdalany of the aforementioned embodiments.

In a ninth embodiment, the invention relates tmlygthercarbonate polyol according to the eighth
embodiment, the molar ratio of the double bondsrgagubstituents as peyl( to double bonds
with substituents as perd), including the structural units originating fracyclic anhydrides, in

the polymer being less than or equal to 3:1 andtgréhan or equal to 1:3.

In a tenth embodiment, the invention relates tolggthercarbonate polyol according to the eighth
or ninth embodiment, the glass transition tempeeatf the polyethercarbonate polyol having

unsaturated groups being greater than or equéb&€C-and less than or equal to 80°C.

In an eleventh embodiment, the invention relatea fwocess for crosslinking polyethercarbonate

polyols containing unsaturated groups comprising:

(A1) double bonds comprising at least one substituelectsel from the group of -OX -
ocoxt, -x! -CHOX' and/or -CH=CHX, where X in each case is substituted or
unsubstituted alkyl, substituted or unsubstitutgdiaalkyl, substituted or unsubstituted

aryl or a substituted or unsubstituted methylerargh/535
and

(62) double bonds comprising at least one substitudecteel from the group of -F, -Cl, -Br, -I,
-COH, -COX, -CO0X, -C=N and/or -NQ, where X in each case is substituted or
unsubstituted alkyl, substituted or unsubstitutgdiaalkyl, substituted or unsubstituted

aryl or a substituted or unsubstituted methylerarch

the polyethercarbonate polyols being reacted wikh another with addition of an initiator selected

from the group of the photoinitiators, metal-actedperoxides and/or redox initiators.

In a twelfth embodiment, the invention relates foracess according to the eleventh embodiment,
a mixture of polyethercarbonate polyols comprisidguble bonds as perdl) and of

polyethercarbonate polyols comprising double basdper §2) being crosslinked.

In a thirteenth embodiment, the invention relatea trosslinked polyethercarbonate producible by

a process according to the eleventh or twelfth etimbent.

In a fourteenth embodiment, the invention relateshie use of crosslinked polyethercarbonates
according to the thirteenth embodiment as rubbseslants, adhesives, coated materials, or

thermoset moldings.

In a fifteenth embodiment, the invention relatea mposition comprising:
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- a first polyethercarbonate polyol containing doutisds, the double bonds comprising a
substituent which is selected from the group of OXOCOX, -X', -CHOX*
and/or -CH=CHX, where X in each case is substituted or unsubstituted adkpstituted
or unsubstituted cycloalkyl, substituted or unsiistd aryl or a substituted or

unsubstituted methylene chain; and

- a second polyethercarbonate polyol containing dobbhds, the double bonds comprising
a substituent which is selected from the group Ff -Cl, -Br, -I, -COH, -COX, -
COOX?, -C=N and/or -NQ, where X in each case is substituted or unsubstituted,alky
substituted or unsubstituted cycloalkyl, substdube unsubstituted aryl or a substituted or

unsubstituted methylene chain.
Examples
Substances:

H-functional starter substance (starter) used:

PET-1 difunctional poly(oxypropylene)polyol having an @idmber of 112 mg/g

Epoxide without double bonds used:

PO  propylene oxide

Compound used containing electron-poor double honds

MA  maleic anhydride

Compound used containing electron-rich double bonds

AGE allyl glycidyl ether

The DMC catalyst was prepared according to exa@pEWO-A 01/80994.

M ethods:
OH number (hydroxyl number)

The OH number (hydroxyl number) was determined medhod based on DIN 53240-2, but using
N-methylpyrrolidone instead of THF/dichloromethaag solvent. Titration took place with 0.5
molar ethanolic KOH solution, with endpoint recdgm by means of potentiometry. The test
substance used was certified castor oil. The reyprof the unit in “mg KOH/g” refers to

mg[KOH]/g[polyethercarbonate polyol].
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Gel permeation chromatography

The number-average Mand the weight-average Mmolecular weights of the resultant
polyethercarbonate polyols were determined by me&mel permeation chromatography (GPC).
The procedure was that of DIN 55672-1: “Gel pernosatchromatography, Part 1 -
Tetrahydrofuran as eluent” (SECurity GPC systenmfrBSS Polymer Service, flow rate 1.0
ml/min; columns: 2xPSS SDV linear M, 8x300 mm, 5;|RID detector). Polystyrene samples of

known molar mass were used for calibration. Thggispersity was calculated as the ratig/M,,.
Rheology

The viscosity of the product mixture was determinsthg a Physica MCR 501 rheometer from
Anton Paar at 25°C, using a sphere/plate configuratith a sphere diameter of 25 mm and with a
distance of 0.05 mm between sphere and plate. fidwr sate was increased over 10 minutes from
0.01 to 1000 1/s. A value was taken every 10 sexohie result reported is the viscosity as the

average of the total of 60 measurement values.
Thermal analysis

The glass transition temperature was measured asMgttler Toledo DSC 1. Between 4 and 10
mg of the sample to be measured were heated frofC-& 40°C at a heating rate of 10 K/min.
The evaluation software used was STAERS SW 11.00. For the determination of the glass
transition temperature, a tangential evaluationhotwas applied unless otherwise stated. The
glass transition temperature reported is the midtpbetween the point of intersection of the
middle tangent with the low-temperature tangenttiedooint of intersection of the middle tangent

with the high-temperature tangent.

'H-NMR spectroscopy

The sample was dissolved in deuterated chlorofonoh measured on a Bruker spectrometer
(AV400, 400 MHz).

Preparation of the polyether car bonate polyols having unsatur ated groups:

The polymerization reactions were conducted in @ B0 Parr pressure reactor. The pressure
reactor used in the examples had a height (infeofal0.16 cm and an internal diameter of 6.35
cm. The reactor was equipped with an electricaktihggacket (maximum heating power 510

watts). The counter-cooling consisted of an imnersbe of external diameter 6 mm which had
been bent into a U shape and which projected imor¢actor up to 5 mm above the base, and

through which cooling water flowed at about 10°@eTwater flow was switched on and off by
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means of a magnetic valve. In addition, the reastms equipped with an inlet tube and a thermal

sensor of diameter 1.6 mm, which both projectedl hé reactor up to 3 mm above the base.

The heating power of the electrical heating jadtteting the activation [first activation stage]

averaged about 20% of the maximum heating powera Assult of the regulation, the heating
power varied by 5% of the maximum heating powere Tnhcidence of an elevated evolution of
heat in the reactor, brought about by the rapidtiea of propylene oxide during the activation of
the catalyst [second activation stage], was obslemia reduced heating power of the heating
jacket, engagement of the counter-cooling, andpoally, a temperature increase in the reactor.
The incidence of evolution of heat in the reactiqught about by the continuous reaction of
propylene oxide and of the compounds containing boubonds during the reaction

[polymerization stage], led to a fall in the poveéithe heating jacket to about 8% of the maximum
heating power. As a result of the regulation, tkatimg power varied by 5% of the maximum

heating power.

The stirrer used in the examples was a hollow-sdtafer in which the gas was introduced into the
reaction mixture via a hollow stirrer shaft. Tharst body mounted on the hollow shaft had four
arms and had a diameter of 35 mm and a height ofrh4 At each end of the arm were mounted
two gas outlets which had a diameter of 3 mm. Tdiation of the stirrer gave rise to a reduced
pressure such that the gas present above theorawixture (CQ and possibly alkylene oxide)

was drawn off and introduced through the hollowfisbithe stirrer into the reaction mixture.

a) The_terpolymerization of propylene oxide, attdavo unsaturated compounds and,C€xults

not only in the cyclic propylene carbonate but alsothe polyether carbonate polyol having

unsaturated groups, comprising firstly polycarbenatits shown in formula (Xlla)

0]
X 0]
o
o T
e
© e or X
and secondly polyether units shown in formula (Xllb

A Erh

f 0

(Xlla)

(XIIb).

The reaction mixture was characterized B-NMR spectroscopy and gel permeation

chromatography.
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The ratio of the amount of cyclic propylene carlien@® polyethercarbonate polyol (selectivity;
ratio g/e) and also the fraction of unreacted maosrsnipropylene oxide #g, allyl glycidyl ether
Agouple bongin MOI%, maleic anhydride &b bongin MOI%) were determined by means'8ENMR

spectroscopy.

Subsequently, the reaction mixture was diluted ditthloromethane (20 ml) and the solution was
passed through a falling-film evaporator. The gohlu0.1 kg in 3 h) ran downwards along the
inner wall of a tube of diameter 70 mm and lendd® 2nm which had been heated externally to
120°C, in the course of which the reaction mixtwees distributed homogeneously as a thin film on
the inner wall of the falling-film evaporator in @acase by three rollers of diameter 10 mm
rotating at a speed of 250 rpm. Within the tubpump was used to set a pressure of 3 mbar. The
reaction mixture which had been purified to freefitvolatile constituents (unconverted epoxides,
cyclic carbonate, solvent) was collected in a nereat the lower end of the heated tube.

The molar ratio of carbonate groups to ether gramplse polyethercarbonate polyol (ratio e/f) and
also the molar fraction of allyl glycidyl ether anthleic anhydride incorporated into the polymer

were determined by means'sf-NMR spectroscopy.

The relevant resonances in th&NMR spectrum (based on TMS = 0 ppm) which wereduor

integration are as follows:

Signal | Shiftin ppm Designation Area corresponds|to

number of H atoms

11 1.10-1.17 CHgroup of the polyether units 3
12 1.25-1.34 CHgroup of the polycarbonate units 3
13 1.45-1.48 CHgroup of the cyclic carbonate 3
14 2.95-3.00 CH groups of the free propylene oxide 1

not consumed by reaction

15 5.83-5.94 CH group of the double bond obtained 1

in the polymer via the incorporation of

allyl glycidyl ether
16 6.22-6.29 CH group of the double bond obtainegd 2

in the polymer via the incorporation of

maleic anhydride
17 7.03-7.04 CH group for free maleic anhydniabe 2
consumed by reaction

18 2.85-2.90 CH groups of the free allyl glycidyl 1

ether not consumed by reaction
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The figure reported is the molar ratio of the antooincyclic propylene carbonate to carbonate
units in the polyether carbonate polyol (selectigte) and the molar ratio of carbonate groups to
ether groups in the polyether carbonate polyol),(elhd also the fractions of the unreacted

propylene oxide (in mol%) and maleic anhydriden(iol%).
Taking account of the relative intensities, thauealwere calculated as follows:

Molar ratio of the amount of cyclic propylene cambte to carbonate units in the polyether

carbonate polyol (selectivity g/e):
gle=131/12

Molar ratio of carbonate groups to ether groupth@polyethercarbonate polyol (e/f):
elf=12/11

The fraction of carbonate units in the repeatingsuaf the polyethercarbonate polyol obtained

from the copolymerization of propylene oxide and,CO
Ccarbonate= [(|2/3) / ((|1/3) + (|2/3))] x 100%

The molar proportion of the unconverted propylerigl® (R0 in mol%) based on the sum total of
the amount of propylene oxide used in the activasind the copolymerization is calculated by the

formula:

Reo = [(14) / ((11/3) + (12/3) + (13/3) + (14))] x 108

The fraction of carbonate units in the repeatingsuaf the polyethercarbonate polyol obtained

from the terpolymerization of propylene oxide, bliycidyl ether and C@
Cearmonare= [(12/3) / ((11/3) + (12/3) + (15))] x 100%

The fraction of double bonds resulting from theowporation of allyl glycidyl ether in the

repeating units of the polyethercarbonate polyol:
Adouble bona= [(15) / ((11/3) + (12/3) + (15))] x 100%

The molar proportion of the unconverted propylerigl® (R0 in mol%) based on the sum total of
the amount of propylene oxide used in the activatind the copolymerization, calculated by the

formula;

Rieo = [(14) / (11/3) + (12/3) + (13/3) + (14) + (I5¥ (18))] x 100%
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The molar proportion of the unconverted allyl gbidiether (Rge in mol%) based on the sum total
of the amount of maleic anhydride used in the atitm and the copolymerization is calculated by

the formula:
Race = [(18) / ((11/3) + (12/3) + (13/3) + (14) + (15} (18))] x 100%

The fraction of carbonate units in the repeatingsust the polyetherestercarbonate polyol obtained

from the terpolymerization of propylene oxide, nakenhydride, and CO
Ccarbonate = [(12/3) 1 ((11/3) + (12/3) + (16/2))] x 100%

The proportion of the double bonds which resultthi@ incorporation of the maleic anhydride in

the repeat units of the polyether ester carbonaliep
Baousie bond= [(16/2) / ((11/3) + (12/3) + (16/2))] x 100%

The molar proportion of the unconverted propylerigl® (R0 in mol%) based on the sum total of
the amount of propylene oxide used in the activiatind the copolymerization is calculated by the

formula:
R0 =[(14) / ((11/3) + (12/3) + (13/3) + (14) + (16/R+ (17/2))] x 100%

The molar proportion of the unconverted maleic aintte (Rsa in Mol%) based on the sum total
of the amount of maleic anhydride used in the atitm and the copolymerization is calculated by

the formula:
Rwa = [(17/2) 1 ((11/3) + (12/3) + (13/3) + (14) + (I&) + (17/2))] x 100%

The fraction of carbonate units in the repeatingsust the polyetherestercarbonate polyol obtained

from the terpolymerization of propylene oxide, bllycidyl ether, maleic anhydride and €O
C"carvonate [(12/3) 1 ((11/3) + (12/3) + (15) + (16/2))] x 10%

The fraction of double bonds resulting from theowrporation of allyl glycidyl ether in the

repeating units of the polyetherestercarbonategholy
Al'gouvie bona™ [(15) / ((11/3) + (12/3) + (I15) + (16/2))] x 10

The proportion of the double bonds which resultthi@ incorporation of the maleic anhydride in

the repeat units of the polyether ester carbonaliep

B'gounte bond= [(16/2) / ((11/3) + (12/3) + (15) + (16/2))] 4.00%
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The molar proportion of the unconverted propyleriel® (R'sc in mol%) based on the sum total of
the amount of propylene oxide used in the activasind the copolymerization is calculated by the

formula:
"po=[(14) / ((11/3) + (12/3) + (13/3) + (14) + (I5)% (16/2) + (17/2) + (18))] x 100%

The molar proportion of the unconverted allyl gtidi ether (Rige in mol%) based on the sum
total of the amount of maleic anhydride used in #utivation and the copolymerization is

calculated by the formula:
'see = [(18) /1 ((11/3) + (12/3) + (13/3) + (14) + (15} (16/2) + (17/2) + (18))] x 100%

The molar proportion of the unconverted maleic anite (Rya in mol%) based on the sum total
of the amount of maleic anhydride used in the atitm and the copolymerization is calculated by

the formula:
R'wa = [(17/2) 1 ((12/3) + (12/3) + (13/3) + (14) + (Ib+ (16/2) + (17/2) + (18))] x 100%

The number-average Mand the weight-average JMmolecular weights of the resultant

polyethercarbonate polyols were determined by meagel permeation chromatography (GPC).

Terpolymer 1-1: Terpolymerization of a mixture abpylene oxide, 4.3 mol% allyl glycidyl ether
and CQ

[first activation stage]

A 300 ml pressure reactor equipped with a gas dinicbion stirrer was charged with a mixture of
DMC catalyst (16 mg) and PET-1 (20 g) and thisahitharge was stirred at 130°C for 30 minutes

under a partial vacuum (50 mbar), with argon bgagsed through the reaction mixture.
[second activation stage]

Following injection of 15 bar of CQ at which a slight drop in temperature was obsknand

following re-establishment of a temperature of 1302.0 g of a monomer mixture (8.2 wt% of
allyl glycidyl ether, corresponding to 4.3 mol%,dalution in propylene oxide) were metered in by
means of an HPLC pump (1 ml/min). The reaction arxtwas stirred (800 rpm) at 130°C for 20

min. The addition of 2.0 g of the monomer mixturaswepeated a second and third time.
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[polymerization stage]

After cooling to 100°C had taken place, a furth@r95g of the monomer mixture (8.2 wt% of allyl
glycidyl ether) were metered in via an HPLC pumpm{imin), the CQ pressure being held
constant at 15 bar. The reaction mixture was swlesdty stirred at 100°C for 2 hours more. The

reaction was halted by cooling of the reactor watrwater.

The resulting mixture was free from the propyler&le (Rro= 0%) and allyl glycidyl ether (Re

= 0%) monomers used.

Selectivity gle 0.05
e/f 0.23
Clearbonatdn %0 19.3
Adouble bondN %0 2.6
Molecular weight | Mj 5428
in g/mol
Polydispersity 1.2
OH number in mgon/g 26.0
Viscosity in mPa.s 4600
Glass transition temperature in53.8
°C

Terpolymer 1-2: Terpolymerization of a mixture abpylene oxide, 8.3 mol% allyl glycidyl ether
and CQ

[first activation stage]

A 300 ml pressure reactor equipped with a gas dinittion stirrer was charged with a mixture of
DMC catalyst (16 mg) and PET-1 (20 g) and thisahitharge was stirred at 130°C for 30 minutes

under a partial vacuum (50 mbar), with argon bgiagsed through the reaction mixture.
[second activation stage]

Following injection of 15 bar of CQ at which a slight drop in temperature was obsknand

following re-establishment of a temperature of 1302.0 g of a monomer mixture (15.2 wt% of
allyl glycidyl ether, corresponding to 8.3 mol%,dalution in propylene oxide) were metered in by
means of an HPLC pump (1 ml/min). The reaction arxtwas stirred (800 rpm) at 130°C for 20

min. The addition of 2.0 g of the monomer mixturaswepeated a second and third time.
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[polymerization stage]

After cooling to 100°C had taken place, a furth&1053 of the monomer mixture (15.2 wt% of allyl
glycidyl ether) were metered in via an HPLC pumpm{imin), the CQ pressure being held
constant at 15 bar. The reaction mixture was swlesdty stirred at 100°C for 2 hours more. The

reaction was halted by cooling of the reactor watrwater.

The resulting mixture was free from the propyler&le (Rro= 0%) and allyl glycidyl ether (Re

= 0%) monomers used.

Selectivity gle 0.06
e/f 0.25
Clearbonatdn %0 20.3
Adouble bondN %0 6.4
Molecular weight | Mj 5446
in g/mol
Polydispersity 2.0
OH number in mgon/g 26.9
Viscosity inmPas 4000
Glass transition temperature in56.7
°C

Terpolymer 1-3: Terpolymerization of a mixture ebpylene oxide, 16.4 mol% allyl glycidyl ether
and CQ

[first activation stage]

A 300 ml pressure reactor equipped with a gas dinittion stirrer was charged with a mixture of
DMC catalyst (16 mg) and PET-1 (20 g) and thisahitharge was stirred at 130°C for 30 minutes

under a partial vacuum (50 mbar), with argon bgiagsed through the reaction mixture.
[second activation stage]

Following injection of 15 bar of CQduring which a slight drop in temperature waseo®sd, and
re-establishment of a temperature of 130°C, 2.0 @ anonomer mixture (30.4 wt% of allyl
glycidyl ether [corresponding to 16.4 mol%] in d@n in propylene oxide) were metered in by
means of an HPLC pump (1 ml/min). The reaction orxtwas stirred (800 rpm) at 130°C for 20

min. The addition of 2.0 g of the monomer mixturaswepeated a second and third time.
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[polymerization stage]

After cooling to 100°C had taken place, a furth#1053 of the monomer mixture (30.4 wt% of allyl
glycidyl ether) were metered in via an HPLC pumpn{imin), with the CQ pressure being kept
constant at 15 bar. The reaction mixture was swlesdty stirred at 100°C for 2 hours more. The

reaction was halted by cooling of the reactor watrwater.

The resulting mixture was free from the propyler&le (Rro= 0%) and allyl glycidyl ether (Re
= 0%) monomers used.

Selectivity gle 0.09
elf 0.28

C'carbonatdN % 22.2

Adouble bondiN %0 13.6

Molecular weight M, 5432

in g/mol

Polydispersity 1.8

OH number in mgpu/g 28.6

Viscosity in mPa& 4800

Glass transition temperature in °C ~ 57.2

Terpolymer 2-1: Terpolymerization of a mixture abpylene oxide, 4.1 mol% maleic anhydride
and CQ

[first activation stage]

A 300 ml pressure reactor equipped with a gas diniztion stirrer was charged with a mixture of
DMC catalyst (16 mg) and PET-1 (20 g) and thisahitharge was stirred at 130°C for 30 minutes

under a partial vacuum (50 mbar), with argon bgiagsed through the reaction mixture.
[second activation stage]

Following injection of 15 bar of CQ at which a slight drop in temperature was obsknand

following re-establishment of a temperature of 1302.0 g of a monomer mixture (6.5 wt% of
maleic anhydride, corresponding to 4.1 mol%, irusoh in propylene oxide) were metered in by
means of an HPLC pump (1 ml/min). The reaction arxtwas stirred (800 rpm) at 130°C for 20

min. The addition of 2.0 g of the monomer mixturaswepeated a second and third time.

[polymerization stage]
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After cooling to 100°C had taken place, a furthdrO5 of the monomer mixture (6.5 wt% of
maleic anhydride in solution in propylene oxide)revenetered in via an HPLC pump (1 ml/min),
the CQ pressure being held constant at 15 bar. Theiosastixture was subsequently stirred at

100°C for 2 hours more. The reaction was halteddwjing of the reactor with ice-water.

The resulting mixture was free from the propyler&le (R'>o= 0%) and maleic anhydride jR=

0%) monomers used.

Selectivity gle 0.05
elf 0.32

CcarbonateinN % 23.5

Bdouble bondiN %0 2.7

Molecular weight M, 5293

in g/mol

Polydispersity 1.7

OH number in mgpn/g 24.9

Viscosity in mPa& 13 300

Glass transition temperature in °C ~ 48.7

Terpolymer 2-2: Terpolymerization of a mixture abpylene oxide, 8.4 mol% maleic anhydride
and CQ

[first activation stage]

A 300 ml pressure reactor equipped with a gas dinicbion stirrer was charged with a mixture of
DMC catalyst (16 mg) and PET-1 (20 g) and thidahitharge was stirred at 130°C for 30 minutes

under a partial vacuum (50 mbar), with argon bgagsed through the reaction mixture.
[second activation stage]

Following injection of 15 bar of CQ at which a slight drop in temperature was obsnand

following re-establishment of a temperature of 1302.0 g of a monomer mixture (13.3 wt% of
maleic anhydride, corresponding to 8.4 mol%, irusoh in propylene oxide) were metered in by
means of an HPLC pump (1 ml/min). The reaction arxtwas stirred (800 rpm) at 130°C for 20

min. The addition of 2.0 g of the monomer mixturaswepeated a second and third time.

[polymerization stage]
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After cooling to 100°C had taken place, a furthdr05 of the monomer mixture (13.3 wt% of
maleic anhydride in solution in propylene oxide)revenetered in via an HPLC pump (1 ml/min),
the CQ pressure being held constant at 15 bar. Theiosastixture was subsequently stirred at

100°C for 2 hours more. The reaction was halteddwjing of the reactor with ice-water.

The resulting mixture was free from the propyler&le (R'>o= 0%) and maleic anhydride jR=

0%) monomers used.

Selectivity gle 0.02
elf 0.36

CcarbonateinN % 24.9

Bdouble bondiN %0 6.1

Molecular weight M, 5657

in g/mol

Polydispersity 2.2

OH number in mgpn/g 27.1

Viscosity in mPa& 14 200

Glass transition temperature in °C ~ 41.9

Terpolymer 2-3: Terpolymerization of propylene @&id6.6 mol% maleic anhydride and £O

[first activation stage]

A 300 ml pressure reactor equipped with a gas doitbon stirrer was charged with a mixture of
DMC catalyst (16 mg) and PET-1 (20 g) and thigahitharge was stirred at 130°C for 30 minutes

under a partial vacuum (50 mbar), with argon bgagsed through the reaction mixture.
[second activation stage]

Following injection of 15 bar of CQ at which a slight drop in temperature was obsknand

following re-establishment of a temperature of 1302.0 g of a monomer mixture (26.2 wt% of
maleic anhydride, corresponding to 16.6 mol%, iltsan in propylene oxide) were metered in by
means of an HPLC pump (1 ml/min). The reaction arxtwas stirred (800 rpm) at 130°C for 20

min. The addition of 2.0 g of the monomer mixturaswepeated a second and third time.
[polymerization stage]

After cooling to 100°C had taken place, a furthdrO5y of the monomer mixture (26.2 wt% of

maleic anhydride in solution in propylene oxide)rg&venetered in via an HPLC pump (1 ml/min),
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the CQ pressure being held constant at 15 bar. Theiosastixture was subsequently stirred at

100°C for 2 hours more. The reaction was halteddwjing of the reactor with ice-water.

The resulting mixture was free from the propyler&le (R'>0= 0%) and maleic anhydride jR=

0%) monomers used.

Selectivity gle 0.02
elf 0.52

Ccarbonateln %0 29.8

B double bondN %0 12.8

Molecular weight M, 4955

in g/mol

Polydispersity 2.1

OH number in mgpu/g 25.6

Viscosity in mPa& 29 200

Glass transition temperature in °C ~ 35.14

Example 1: Block terpolymer, obtained by terpolyiation of a mixture of propylene oxide,
4.1 mol% maleic anhydride and g@ollowed by a terpolymerization of a mixture abpylene

oxide, 4.3 mol% allyl glycidyl ether and GO
[first activation stage]

A 300 ml pressure reactor equipped with a gas dinicbion stirrer was charged with a mixture of
DMC catalyst (16 mg) and PET-1 (20 g) and thigahitharge was stirred at 130°C for 30 minutes

under a partial vacuum (50 mbar), with argon bgagsed through the reaction mixture.
[second activation stage]

Following injection of 15 bar of CQ at which a slight drop in temperature was obsknand

following re-establishment of a temperature of 1302.0 g of a monomer mixture (6.5 wt% of
maleic anhydride, corresponding to 4.1 mol%, irusoh in propylene oxide) were metered in by
means of an HPLC pump (1 ml/min). The reaction arxtwas stirred (800 rpm) at 130°C for 20

min. The addition of 2.0 g of the monomer mixturaswepeated a second and third time.
[polymerization stage]

After cooling to 100°C had taken place, a furth8r92y of the monomer mixture (6.5 wt% of

maleic anhydride in solution in propylene oxide)rg&venetered in via an HPLC pump (1 ml/min),
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the CQ pressure being held constant at 15 bar. Followireg addition of monomer mixture
(6.5 wt% of maleic anhydride in solution in propyéeoxide), 30 g of a second monomer mixture
(8.2 wt% of allyl glycidyl ether, corresponding 4a3 mol%, in solution in propylene oxide) were
metered in via an HPLC pump (1 ml/min), with the @essure being held constant at 15 bar. The
reaction mixture was subsequently stirred at 10@tC hours more. The reaction was halted by

cooling of the reactor with ice-water.

The resulting mixture was free from the monomersdugpropylene oxide (Ro = 0%), allyl
glycidyl ether (Rage = 0%), and maleic anhydride (R'= 0%).

Selectivity gle 0.04
elf 0.48
C"carbonatelnN % 36.3
A'double bondiN %0 1.8
B'double bondiN %0 1.2
Molecular weight M, 5225
in g/mol
Polydispersity 1.4
OH number in mgop/g 24.8
Viscosity in mPa& 22 000
Glass transition temperature in °C ~ 43.1

Example 2: Block terpolymer, obtained by terpolyiz&tion of a mixture of propylene oxide,
8.4 mol% maleic anhydride and g@ollowed by a terpolymerization of a mixture abpylene

oxide, 8.3 mol% allyl glycidyl ether and GO
[first activation stage]

A 300 ml pressure reactor equipped with a gas dinittion stirrer was charged with a mixture of
DMC catalyst (16 mg) and PET-1 (20 g) and thigahitharge was stirred at 130°C for 30 minutes

under a partial vacuum (50 mbar), with argon bgagsed through the reaction mixture.
[second activation stage]

Following injection of 15 bar of CQ at which a slight drop in temperature was obsknand
following re-establishment of a temperature of 1302.0 g of a monomer mixture (13.3 wt% of

maleic anhydride, corresponding to 8.4 mol%, irusoh in propylene oxide) were metered in by
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means of an HPLC pump (1 ml/min). The reaction orxtwas stirred (800 rpm) at 130°C for 20

min. The addition of 2.0 g of the monomer mixturaswepeated a second and third time.
[polymerization stage]

After cooling to 100°C had taken place, a furthdr02y of the monomer mixture (13.3 wt% of
maleic anhydride in solution in propylene oxide)revenetered in via an HPLC pump (1 ml/min),
the CQ pressure being held constant at 15 bar. Follovtiteg addition of monomer mixture
(13.3 wt% of maleic anhydride in solution in progiyé oxide), 30 g of a second monomer mixture
(15.2 wt% of allyl glycidyl ether, corresponding&®3 mol%, in solution in propylene oxide) were
metered in via an HPLC pump (1 ml/min), with the gessure being held constant at 15 bar. The
reaction mixture was subsequently stirred at 10@¥C2 hours more. The reaction was halted by

cooling of the reactor with ice-water.

The resulting mixture was free from the monomersdugpropylene oxide (Ro = 0%), allyl
glycidyl ether (Rage = 0%), and maleic anhydride (R'= 0%).

Selectivity gle 0.04
e/f 0.37
C"carbonateln %0 27.2
A'double bondiN %0 2.9
B'double bondiN %0 3.3
Molecular weight M, 5113
in g/mol
Polydispersity 1.8
OH number in mgpu/g 25.0
Viscosity in mPa& 19 100
Glass transition temperature in °C ~ 45.2

Example 3: Block terpolymer, obtained by terpolyimation of a mixture of propylene oxide,
16.6 mol% maleic anhydride and g@bllowed by a terpolymerization of a mixture abpylene

oxide, 16.4 mol% allyl glycidyl ether and GO
[first activation stage]

A 300 ml pressure reactor equipped with a gas dinicbion stirrer was charged with a mixture of
DMC catalyst (16 mg) and PET-1 (20 g) and thisahitharge was stirred at 130°C for 30 minutes

under a partial vacuum (50 mbar), with argon bgagsed through the reaction mixture.
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[second activation stage]

Following injection of 15 bar of C9 at which a slight drop in temperature was obsknand

following re-establishment of a temperature of 1302.0 g of a monomer mixture (26.2 wt% of
maleic anhydride, corresponding to 16.6 mol%, ilutsan in propylene oxide) were metered in by
means of an HPLC pump (1 ml/min). The reaction orxtwas stirred (800 rpm) at 130°C for 20

min. The addition of 2.0 g of the monomer mixturaswepeated a second and third time.
[polymerization stage]

After cooling to 100°C had taken place, a furth@r82y of the monomer mixture (26.2 wt% of
maleic anhydride in solution in propylene oxide)rg&venetered in via an HPLC pump (1 ml/min),
the CQ pressure being held constant at 15 bar. Follovtiteg addition of monomer mixture
(26.2 wt% of maleic anhydride in solution in progryé oxide), 30 g of a second monomer mixture
(30.4 wt% of allyl glycidyl ether [corresponding i®.4 mol%] in solution in propylene oxide)
were metered in using an HPLC pump (1 ml/min), @ pressure being kept constant at 15 bar.
The reaction mixture was subsequently stirred 8 QCdor 2 hours more. The reaction was halted

by cooling of the reactor with ice-water.

The resulting mixture was free from the monomersdugpropylene oxide (Rg = 0%), allyl
glycidyl ether (Rice = 0%), and maleic anhydride (R'= 0%).

Selectivity gle 0.04
elf 0.56
C"carbonatein %0 36.3
A double bondlN %0 6.9
B'double bondiN %0 7.2
Molecular weight M, 4340
in g/mol
Polydispersity 3.4
OH number in mgpn/g 24.3
Viscosity in mPa& 17 000
Glass transition temperature in °C ~ 47.4

Example 4 (comparative): Copolymerization of premg oxide and CQwithout addition of allyl

glycidyl ether or maleic anhydride

[first activation stage]
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A 300 ml pressure reactor equipped with a gas dmitbon stirrer was charged with a mixture of
DMC catalyst (16 mg) and PET-1 (20 g) and thisahitharge was stirred at 130°C for 30 minutes

under a partial vacuum (50 mbar), with argon b@agsed through the reaction mixture.
[second activation stage]

After injection of CQ to 15 bar, in the course of which a slight dropemperature was observed,
and re-attainment of a temperature of 130°C, 220gyopylene oxide were metered in with the aid
of an HPLC pump (1 ml/min). The reaction mixtureswstirred (800 rpm) at 130°C for 20 min.
The addition of 2.0 g of propylene oxide was repéda second and third time.

[polymerization stage]

After cooling to 100°C, a further 54.0 g of propyéeoxide were metered in using an HPLC pump
(1 ml/min), in the course of which the @@ressure was kept constant at 15 bar. The reaction
mixture was subsequently stirred at 100°C for 2rfionore. The reaction was halted by cooling of

the reactor with ice-water.

The resulting mixture was free from propylene oXigeo= 0%).

Selectivity gle 0.09
elf 0.26

CearbonatelN %0 20.7

Molecular weight M, 5495

in g/mol

Polydispersity 14

OH number in mgpu/g 26.2

Viscosity in mPa& 7900

Glass transition temperature in °C  54.4

General protocol for the radical crosslinking of tholyethercarbonate polyols containing electron-

poor and electron-rich double bonds with redoxatiin

A sample of polyethercarbonate polyol (2 g of oh&egoolymers 1-1 to 1-6 or of one of the block
terpolymers from example 1 —3) was dissolved inthylene chloride and the solution was
admixed with benzoyl peroxide (10 mol%, based oe touble bonds present in the
polyethercarbonate polyol. The methylene chloridaswsubsequently removed on a rotary

evaporator.
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A further sample of polyethercarbonate polyol (2ag)s dissolved in methylene chloride and the
solution was admixed with 4-dimethylaminobenzoibeetester (10 mol%, based on the double
bonds present in the polyethercarbonate polyol.fb#ylene chloride was subsequently removed

on a rotary evaporator.

The radical crosslinking was carried out on a RiyMCR 501 rheometer from Anton Paar,
equipped with a D-PP15 measuring system (plate/ptanfiguration with a plate spacing of 1

mm). A sample (0.2 g) of each of the polyethercadbe polyols admixed with benzoyl peroxide
and those admixed with ethyl 4-dimethylaminobenzagas mixed on the rheometer plate of the
rheometer and subjected to 10% shearing at 60°¢ avitynamic oscillation of 1 Hz. The storage
modulus and loss modulus were measured at 10 sécterdals over 60 minutes. The gel point
selected was the point in time at which storage uh@d(G’) and loss modulus (G”) are of the

same of magnitude (G'/G"=1).

Example 5: Mixture of terpolymer, electron-rich,.63nol% AGE + terpolymer, electron-poor,
12.8 mol% MA

0.2 g of the terpolymer 1-3 containing ethyl 4-dinygaminobenzoate was mixed with 0.2 g of the

benzoyl peroxide-containing terpolymer 2-3.

Example 6 (comparative): Terpolymer, electron-rit®,6 mol% AGE

0.4 g of terpolymer 1-3 containing ethyl 4-dimetnyinobenzoate was used.

Example 7 (comparative): Terpolymer, electron-pd@8 mol% MA

0.4 g of terpolymer 2-3 is used.
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Table 1: Results of the redox initiation of polyattarbonate polyol mixtures

Example | System Type of double Average density of | Time to reach the gel
bonds double bonds point
5 Mixture Electron-rich + 12 mol% 20 min

Electron-poor

6 (comp.)| Terpolymer Electron-rich 12 mol% > 60 min

7 (comp.)| Terpolymer Electron-poor 12 mol% > 60 min

(comp.) comparative example

Examples 5 — 7 show that a radical crosslinking afixture of polyethercarbonate polyols having
electron-poor and electron-rich double bonds reguér shorter time until the mixture is fully cured
(a shorter time until the gel point is reachedntlize crosslinking of polyethercarbonate polyols

containing only electron-rich or only electron-patmuble bonds.

Example 8: Block terpolymer, electron-rich (6.9 PMOAGE) and electron-poor (7.2 mol% MA)

double bonds in one molecule

0.4 g of the polyethercarbonate polyol accordingxample 3 was used.

Example 9 (comparative): Terpolymer, electron-6ch mol% AGE

0.4 g of terpolymer 1-2 was used.

Example 10 (comparative): Terpolymer, electron-p6dat mol% MA

0.4 g of terpolymer 2-2 was used.
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Table 2: Results of the redox initiation on (blotdgpolymer polyethercarbonate polyols

Example | System Type of double Average density of Time taken to reach
bonds double bonds the gel point
8 Block Electron-rich + 6 mol% 5 min

terpolymer | electron-poor

9 (comp.)| Terpolymen Electron-rich + 6 mol% > 60 min

electron-rich

10 Terpolymer | Electron-poor + 6 mol% > 60 min

(comp.) electron-poor

(comp.) comparative example

Examples 8 — 10 show that radical crosslinkingaf/g@thercarbonate polyols having electron-poor
and electron-rich double bonds within one molecudeessitates a shorter time to fully cure
(shorter time until the gel point is reached) thhe crosslinking of polyethercarbonate polyols

having only electron-rich or only electron-poor dibonds within one molecule.

General protocol for the radical crosslinking oflyathercarbonate polyols containing electron-

poor and electron-rich double bonds under UV iatdn.

The crosslinking with UV irradiation was carriedtaan a Physica MCR 501 rheometer from
Anton Paar, equipped with a D-PP15 measuring sygmate/plate configuration with a plate
spacing of 1 mm). A sample (0.4 g) of each of tlodygthercarbonate polyols admixed with
benzoyl peroxide was mixed on the rheometer plét¢h® rheometer, and subjected to 10%
shearing at 25°C with a dynamic oscillation of 1 Az the same time the sample was subject to
UV irradiation with a intensity of 22.7 W/cmz2. Thadiation source used was an Omnicure Series
1000 mercury lamp from Lumen Dynamics with a powkf00 W. 320-500 nm was selected as
filter option. The storage modulus and loss modwase measured over 60 minutes at 10-second
intervals. In the case of reaction times of less1th minutes, the storage modulus and loss modulus
were measured four times per second. The gel pelatted was the point in time at which storage

modulus (G’) and loss modulus (G”) are equal ingmigude (G'/G"=1).

Example 11: Mixture of terpolymer, electron-richg 2nol% AGE + terpolymer, electron-poor,
2.7 mol% MA.

0.2 g of the benzoyl peroxide-containing terpolymet was mixed with 0.2 g of the benzoyl

peroxide-containing terpolymer 2-1.
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Example 12: Mixture of terpolymer, electron-rich4 6nol% AGE + terpolymer, electron-poor,
6.1 mol% MA.

0.2 g of the benzoyl peroxide-containing terpolyme? was mixed with 0.2 g of the benzoyl

peroxide-containing terpolymer 2-2.

Example 13: Mixture of terpolymer, electron-rict3.6 mol% AGE + terpolymer, electron-poor,
12.8 mol% MA.

0.2 g of the benzoyl peroxide-containing terpolyme8 was mixed with 0.2 g of the benzoyl

peroxide-containing terpolymer 2-3.

Example 14: Block terpolymer, electron-rich (1.81%0AGE) and electron-poor (1.2 mol% MA)

double bonds in one molecule

0.4 g of the benzoyl peroxide-containing polyethdbonate polyol according to example 1 was

used.

Example 15: Block terpolymer, electron-rich (2.91%0AGE) and electron-poor (3.3 mol% MA)

double bonds in one molecule

0.4 g of the benzoyl peroxide-containing polyetheoonate polyol according to example 2 was

used.

Example 16: Block terpolymer, electron-rich (6.91%0AGE) and electron-poor (7.2 mol% MA)

double bonds in one molecule

0.4 g of the benzoyl peroxide-containing polyetheoonate polyol according to example 3 was

used.

Example 17 (comparative): Terpolymer, electron-rich6 mol% AGE

0.4 g of the benzoyl peroxide-containing terpolyri&d was used.
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Example 18 (comparative): Terpolymer, electron-p&@r8 mol% MA

0.4 g of the benzoyl peroxide-containing terpoly2&r was used.

Example 19 (comparative): Copolymer, without douineds

0.4 g of the benzoyl peroxide-containing polyetheoonate polyol according to example 4 was

used.

Table 3: Results of UV-initiated radical crosslimdi

Example | System Type of double Average Time taken to reach the gel
bonds density point

Double bonds

11 Mixture Electron-rich 3 mol% 8.5 min

+ electron-poor

12 Mixture Electron-rich 6 mol% 5.9 min

+ electron-poor

13 Mixture Electron-rich 12 mol% 3.9 min

+ electron-poor

14 Block Electron-rich 3 mol% 7.3 min

terpolymer | + electron-poor

15 Block Electron-rich 6 mol% 2.9 min

terpolymer | + electron-poor

16 Block Electron-rich 12 mol% 1.0 min

terpolymer | + electron-poor

17 Terpolymer | Electron-rich 12 mol% > 60 min
(comp.)

18 Terpolymer | Electron-poor 12 mol% > 60 min
(comp.)

19 Copolymer | Without double --- > 60 min
(comp.) bonds

comp. comparative example

The table shows that terpolymers containing ondgtebn-rich or electron-poor double bonds cure
poorly. The mixtures of electron-poor and electrizhpolymers feature short times through to full

cure (short times until the gel point is reached)ile block copolymers containing electron-poor
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and electron-rich double bonds display particulathprt times through to full cure (particularly

short times until the gel point is reached).
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Claims

1. A process for preparing polyethercarbonate polybks polyethercarbonate polyols
containing double bonds, comprising the steps of:
(o) initially introducing a catalyst and
(ae) @ suspension medium which contains no H-functignaups
and/or
(ap) an H-functional starter compound
(y) metering in carbon dioxide, an epoxide which aorg no unsaturated group, and at
least two unsaturated compounds,

characterized in that

the unsaturated compounds metered in st¢mie selected from the group of the unsaturated

epoxides and/or unsaturated cyclic anhydrides, and

(yl) one of the unsaturated compounds comprises a ddadid comprising at least one
substituent selected from the group of JDX0COX, -X*, -CH,OX" and/or -CH=CHX , where X
in each case is substituted or unsubstituted alkybstituted or unsubstituted cycloalkyl,

substituted or unsubstituted aryl or a substitatednsubstituted methylene chain;

(y2) and another of the unsaturated compounds comg@idesble bond comprising at least one
substituent selected from the group of -F, -Cl, Br-COH, COX, -COOX, -C=N and/or -NQ

or is an unsaturated, substituted or unsubstitcyetic anhydride of an organic dicarboxylic acid,
where X in each case is substituted or unsubstituted askydstituted or unsubstituted cycloalkyl,

substituted or unsubstituted aryl or a substitatednsubstituted methylene chain;

and where additionally, if no H-functional starsmpound is introduced in step)( step {)

comprises the metering in of an H-functional stactempound.

2. The process as claimed in claim 1, further compgishe following stepf) between step
(o) and stepy):

(B) metering in of at least one epoxide.
3. The process as claimed in claim 1 or 2, the catalgimig a DMC catalyst.

4, The process as claimed in any of the precedingnslaihe unsaturated compound as per

(v2) being an unsaturated cyclic anhydride havingubte bond adjacent to a carbonyl group.

5. The process as claimed in any of the precedingnslaihe unsaturated compound as per
(y2) being an unsaturated epoxide selected from rihigpgof the glycidyl esters of f-unsaturated
acids.
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6. The process as claimed in any of the precedingnslaihe temperature in step peing
greater than or equal to 60°C and less than or ¢égu®0°C.

7. The process as claimed in any of the precedingnslathe unsaturated compound as per
(y1) being selected from the group encompassing glididyl ether, vinylcyclohexene oxide,
cyclooctadiene monoepoxide, cyclododecatriene nmuooxde, butadiene monoepoxide, isoprene
monoepoxide, limonene oxide, 1,4-divinylbenzene ospoxide, 1,3-divinylbenzene

monoepoxide, glycidyl esters of unsaturated fatigsiand/or partially epoxidized fats and oils.

8. A polyethercarbonate polyol comprising unsaturageoups, preparable by a process as

claimed in any of the preceding claims.

9. The polyethercarbonate polyol as claimed in clajith® molar ratio of the double bonds
with substituents as peyl) to double bonds with substituents as pé&j,(including the structural
units in the polymer that originate from cyclic gdhdes, being less than or equal to 3:1 and

greater than or equal to 1:3.

10. The polyethercarbonate polyol as claimed in oneclaims 8-9, the glass transition
temperature of the polyethercarbonate polyol witkaturated groups being greater than or equal to

-60°C and less than or equal to 80°C.

11. A process for crosslinking polyethercarbonate pislyemntaining unsaturated groups, the

unsaturated groups comprising:

(61) double bonds comprising at least one substituetéctsel from the group of -
OXx%, -OCOX, -X!, -CH,0X* and/or -CH=CHX where X in each case is substituted or
unsubstituted alkyl, substituted or unsubstitutgdiaalkyl, substituted or unsubstituted

aryl or a substituted or unsubstituted methylerarch
and

(62) double bonds comprising at least one substitudaetteel from the group of -F, -Cl, -Br, -,
-COH, -CO¥, COOX, -C=N and/or -NQ where X in each case is substituted or
unsubstituted alkyl, substituted or unsubstitutgdiaalkyl, substituted or unsubstituted

aryl or a substituted or unsubstituted methylerargh

the polyethercarbonate polyols being reacted wiklh another with addition of an initiator selected

from the group of the photoinitiators, metal-actadhperoxides and/or redox initiators.

12. The process as claimed in claim 11, a mixture dfgibercarbonate polyols comprising
double bonds as pesl) and of polyethercarbonate polyols comprisingbdedoonds as peb2)

being crosslinked.
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13. A crosslinked polyethercarbonate preparable byoagss as claimed in one of claims 11-
12.

14. The use of crosslinked polyethercarbonates as ethim claim 13 as rubbers, sealants,

adhesives, coatings or thermoset moldings.
15. A composition, comprising:

- a first polyethercarbonate polyol containing deubbnds, the double bonds comprising a
substituent which is selected from the group of X0-OCOX, -X! -CHOX'
and/or -CH=CHX, where X in each case is substituted or unsubstituted ;akydstituted
or unsubstituted cycloalkyl, substituted or unsiigtd aryl or a substituted or

unsubstituted methylene chain; and

- a second polyethercarbonate polyol containing dobbhds, the double bonds comprising
a substituent which is selected from the group Ff -Cl, -Br, -I, -COH, -COX, -
COOX?, -C=N and/or -NQ, where X in each case is substituted or unsubstituted alkyl
substituted or unsubstituted cycloalkyl, substdube unsubstituted aryl or a substituted or

unsubstituted methylene chain.



