10

15

20

25

30

BMS131 030 WO-NAT -1- WO 2015/014732

Method for producing polyether carbonate polyols

The present invention relates to a process forgpitegp polyether carbonate polyols by catalytic
copolymerization of carbon dioxide (GQwith alkylene oxides in the presence of one oranrig-

functional starter substances.

The preparation of polyether carbonate polyols dtalgtic reaction of alkylene oxides (epoxides)
and carbon dioxide in the presence of H-functicstalter substances ("starters") has been the
subject of intensive study for more than 40 yearg.(Inoue et al., Copolymerization of Carbon
Dioxide and Epoxide with Organometallic CompounB&e Makromolekulare Chemie 130, 210-
220, 1969). This reaction is shown in schematimfar scheme (1), where R is an organic radical
such as alkyl, alkylaryl or aryl which may in eazdse also contain heteroatoms, for example O, S,
Si, etc., and where e, f, g and h are each integatswhere the product shown here in scheme (I)
for the polyether carbonate polyol should be urtdedsas meaning merely that blocks having the
structure shown may in principle be retained in ploéyether carbonate polyol obtained but the
sequence, number and length of the blocks and Ehéu@rctionality of the starter may vary and is
not restricted to the polyether carbonate polyoMatnin scheme (I). This reaction (see scheme (1))
is highly advantageous from an environmental stamdsince this reaction comprises converting
a greenhouse gas such as,@@o a polymer. Further products, actually by-proig, formed here
are the cyclic carbonate shown in scheme (I) (deoyycarbonate when R = gfbr example) and
dioxanes (dimethyldioxane when R = Ctdr example). The dioxanes are also formed when th
polyether carbonate polyols are subjected to thieem@osure. A characteristic feature of polyether

carbonate polyols is that they contain ether grdagte/een the carbonate groups.

O
Starter-OH <+ (e+f+g+2h) /u + (etg) CO2
R

O

R (@]
I R_ _O
Starter {OJ\O%OA&OH t o9 O\_<O +h \[ ]\ 0]
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EP-A 0 222 453 discloses a process for preparihgcpadonates from alkylene oxides and carbon
dioxide using a catalyst system composed of DM@lgstt and a cocatalyst such as zinc sulfate.
This polymerization is initiated by one-off contact of a portion of the alkylene oxide with the
catalyst system. Only thereafter are the residoaduat of alkylene oxide and the carbon dioxide
metered in simultaneously. The amount of 60% byghteof alkylene oxide compound relative to

the H-functional starter compound, as specifiedEP+rA 0 222 453 for the activation step in
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examples 1 to 7, is high and has the disadvantagfethis constitutes a certain safety risk for
industrial scale applications because of the higbthreermicity of the homopolymerization of

alkylene oxide compounds.

WO-A 2003/029325 discloses a process for preparigh molecular weight aliphatic polyether
carbonate polyols (weight-average molecular wejgbater than 30 000 g/mol), in which a catalyst
from the group consisting of zinc carboxylate andltimetal cyanide compound is used, this
catalyst being anhydrous and first being contagtét at least a portion of the carbon dioxide
before the alkylene oxide is added. Final,@@essures of up to 150 bar place very high demands
on the reactor and on safety. Even the extremelly piressure of 150 bar resulted in incorporation
of only about 33% by weight of GOup to a maximum of 42% by weight of @OThe
accompanying examples describe the use of a sali@aéene) which has to be removed again by
thermal means after the reaction thus resultinméneased time and cost demands. Furthermore,

the polymers, with a polydispersity of 2.7 or mdraye a very broad molar mass distribution.

WO-A 2008/058913 discloses a process for prepafiegble polyurethane foams exhibiting
reduced emissions of organic substances, wheranptiyether carbonate polyols employed

preferably have a block of pure alkylene oxide sinitthe chain end.

EP-A 2 530 101 discloses a process for preparihgegieer carbonate polyols in which at least one
alkylene oxide and carbon dioxide are reacted @wtoH-functional starter substance in the
presence of a DMC catalyst. However, EP-A 2 530 d@ds not disclose how polyether carbonate
polyols may be stabilized toward thermal exposarerder to achieve a very low dioxanes content

after thermal exposure.

US-A 4 145 525 discloses a process for thermalilstation of polyalkylene carbonate polyols.
The polyalkylene carbonate polyols disclosed in AJ8- 145 525 contain alternating units of
alkylene oxide and carbon dioxide. US-A 4 145 52&ches reacting at least some of the terminal
hydroxyl groups of the polyalkylene carbonate pblywith a phosphorus compound reactive
toward hydroxyl groups to form an oxygen-phosphocompound. US-A 4 145 525 does not
disclose polyether carbonate polyols. However, U&-B5 525 does not teach those skilled in the
art how polyether carbonate polyols having a veny dioxanes content may be prepared by
addition of one or more alkylene oxides and carntioxide onto one or more H-functional starter

substances in the presence of a double metal eyanidlyst.

It is an object of the present invention to provalgrocess for preparing polyether carbonate
polyols, wherein the process affords a product tvhias a very low dioxanes content after thermal

exposure. It is a particular object of the inventio provide polyether carbonate polyols which not
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only exhibit a very low dioxanes content after thal exposure but are also suitable for preparing

flexible polyurethane foams.

It has now been found that, surprisingly, polyetbarbonate polyols having a relatively low
dioxanes content after thermal exposure comparéuketprior art are obtainable from a process for
preparing polyether carbonate polyols,

() wherein one or more alkylene oxide(s) and cardimxide are added onto one or more H-
functional starter substance(s) in the presen@ duble metal cyanide catalyst to obtain a
reaction mixture comprising the polyether carbomeatiol,

characterized in that

(i) atleast one component K is added to the akthireaction mixture comprising the polyether
carbonate polyol, wherein component K is selectethfat least one compound containing a
phosphorus-oxygen bond.

The content of volatile constituents in the polgetbarbonate polyol from step (i) may optionally

be reduced by thermal means at a temperature Gf ®0200°C prior to step (ii).

After thermal workup, the polyether carbonate pldyihus obtained moreover have a relatively
low dioxanes content compared to the prior art. Thention accordingly further provides a
process, wherein
(i) the content of volatile constituents in theaction mixture from step (ii) is reduced by
thermal means at a temperature of 80°C to 200°C.
A characteristic feature of the polyether carbomailyols prepared according to the invention is
that they also contain ether groups between thieooate groups. In terms of formula (la) this

means that the e/ff ratio is preferably from 2: 11t@Q0, particularly preferably from 1.5: 1to D.1

R Q
I |
Starter {O\)\oﬂo oA 2
e R f

Thermal exposure arising during a process for pnegapolyether carbonate polyols typically
occurs during purification by thermal processesisagthin film evaporation for example. Thermal
exposure of polyether carbonate polyols can caisenes to form from the ether chains present

in the polyether carbonate polyol.

The process may optionally comprise as step (furtaer addition of at least one component K to

bring the product obtained to a desired contewinef or more of particular components K.

It is preferable when component K is added in antooh20 ppm to 1000 ppm in each case in step

(ii) and, if included, step (iv).
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The invention further provides mixtures comprispayether carbonate polyol and component K,
wherein the mixture preferably comprises polyetbharbonate polyol and components K in a
weight ratio of from 200 000: 1 to 1000: 1, parlély preferably from 50 000: 1 to 1000: 1.

Component K
Compounds suitable as component K are charactdrizidt they contain at least one phosphorus-

oxygen bond.

Suitable as component K are phosphoric acid andsgitaric acid salts, phosphoric halides,

phosphoramides, phosphoric esters and salts ofitiv®- and diesters of phosphoric acid.

In the context of the invention the esters citedpassible components K hereinabove and
hereinbelow are to be understood as meaning in easth the alkyl ester, aryl ester and/or alkaryl

ester derivatives.

Examples of suitable phosphoric esters include matie or triesters of phosphoric acid, mono-,
di-, tri- or tetraesters of pyrophosphoric acid ambno-, di-, tri-, tetra- or polyesters of
polyphosphoric acid with alcohols having 1 to 3@boa atoms. Examples of compounds suitable
as component K include: triethyl phosphate, diefblybsphate, monoethyl phosphate, tripropyl
phosphate, dipropyl phosphate, monopropyl phosphateutyl phosphate, dibutyl phosphate,
monobutyl phosphate, trioctyl phosphate, tris(3dbtbxyl) phosphate, tris(2-butoxyethyl)
phosphate, diphenyl phosphate, dicresyl phospfratgpse 1,6-biphosphate, glucose 1-phosphate,
bis(dimethylamido)phosphoric chloride, bis(4-nith@myl) phosphate, cyclopropylmethyl diethyl
phospate, dibenzyl phosphate, diethyl 3-butenylsphate, dihexadecyl phosphate, diisopropyl
chlorophosphate, diphenyl phosphate, diphenyl oploosphate, 2-hydroxyethyl methacrylate
phosphate, mono(4-chlorophenyl) dichlorophosphateno(4-nitrophenyl) dichlorophosphate,
monophenyl dichlorophosphate, tridecyl phosphateresyl phosphate, trimethyl phosphate,
triphenyl phosphate, phosphoric  acid tripyrolidide, phosphorus  sulfochloride,
dimethylamidophosphoric dichloride, methyl dichlphosphate, phosphoryl bromide, phosphoryl
chloride, phosphoryl quinoline chloride calciumtsald o-phosporylethanolamine, alkali metal and
ammonium dihydrogen phosphates, alkali metal, ®lkalearth metal and ammonium

hydrogenphospates, alkali metal, alkaline earttahzatd ammonium phosphates.

The term esters of phosphoric acid is to be undedsas also including the products obtainable by

propoxylation of phosphoric acid (available as EH&DOP 560 for example).

Phosphoric acid and dibutyl phosphate are partigutmeferably employed as component K.
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Suitable as component K are phosphonic acid andgbfasous acid and also mono- and diesters of
phosphonic acid and mono-, di- and triesters osphorous acid and their respective salts, halides

and amides.

Examples of suitable phosphonic esters include mano diesters of phosphonic acid,
alkylphosphonic  acids, arylphosphonic acids, alkaxbonylalkylphosphonic  acids,
alkoxycarbonylphosphonic acids, cyanoalkylphospboacids and cyanophosphonic acids or
mono-, di-, tri- or tetraesters of alkyldiphosphoatids with alcohols having 1 to 30 carbon atoms.
Examples of suitable phosphorous esters includeomali+ or triesters of phosphorous acid with
alcohols having 1 to 30 carbon atoms. This includes example, phenylphosphonic acid,
butylphosphonic acid, dodecylphosphonic acid, éylphosphonic acid, octylphosphonic acid,
ethylphosphonic acid, methylphosphonic acid, oaglgdosphonic acid and the mono- and di-
methyl, -ethyl, -butyl, -ethylhexyl or -phenyl esdethereof, dibutyl butylphosphonate, dioctyl
phenylphosphonate, triethyl phosphonoformate, tiyle phosphonoacetate, triethyl
phosphonoacetate, trimethyl 2-phosphonopropioriagthyl 2-phosphonopropionate, tripropyl 2-
phosphonopropionate, tributyl 2-phosphonopropianaiethyl 3-phosphonopropionate, triethyl 2-
phosphonobutyrate, triethyl 4-phosphonocrotonat&2-phosphonododecyl)phosphonic acid,
phosphonoacetic acid, methyl P,P-bis(2,2,2-trith@dhyl)phosphonoacetate, trimethylsilyl P,P-
diethylphosphonoacetate, tert-butyl P,P-dimethy$pihmnoacetate, dimethyl P,P-
phosphonoacetate potassium salt, ethyl P,P-dinpthgphonoacetate, 16-phosphonohexadecanoic
acid, 6-phosphonohexanoic acid, N-(phosphonomeaiglygine, N-(phosphonomethyl)glycine
monoisopropylamine salt, N-(phosphonomethyl)imimgeétic acid, (8-phosphonooctyl)phosphonic
acid, 3-phosphonopropionic acid, 11-phosphonound®caacid, pinacol phosphonate, trilauryl
phosphite, tris(3-ethyloxethanyl-3-methyl) phosphitheptakis(dipropylene glycol) phosphite,
phosphorous acid bis(diisopropylamide)-2-cyanoethylester, phosphorous acid
bis(diisopropylamide) methyl ester, phosphoroud ddbutyl ester, phosphorous acid diethylamide
dibenzyl ester, phosphorous acid diethylamide diietyl ester, phosphorous acid diethyl ester,
phosphorous acid diisopropylamine diallyl esterpgghorous acid diisopropylamide dibenzyl
ester, phosphorous acid diisopropylamide di-tetydbester, phosphorous acid diisopropylamide
dimethylester, phosphorous acid dimethylamide dipenster, phosphorous acid dimethyl ester,
phosphorous acid dimethyl trimethylsilyl ester, giplvorous acid diphenyl ester, phosphorous acid
methyl ester dichloride, phosphorous acid mono@aogthylester) diisopropylamide chloride,
phosphorous acid o-phenylene ester chloride, plowepk acid tributyl ester, phosphorous acid
triethyl ester, phosphorous acid triisopropyl espdrosphorous acid triphenyl ester, phosphorous
acid tris(tert-butyl-dimethylsilyl) ester, phospbas acid (tris-1,1,1,3,3,3-hexafluoro-2-propyl)

ester, phosphorous acid tris(trimethylsilyl) esmrpsphorous acid dibenzyl ester. The term esters
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of phosphorous acid is to be understood as aldodimgy the products obtainable by propoxylation

of phosphorous acid (available as Exolit® OP 550ef@mmple).

Suitable as component K are phosphinic acid, phospis acid and phosphinous acid and their
respective esters. Examples of suitable phosphisiers include esters of phosphinic acid,
alkylphosphinic acids, dialkylphosphinic acids oylphosphinic acids with alcohols having 1 to 30
carbon atoms. Examples of suitable phosphonoussdatdude mono and diesters of phosphonous
acid or arylphosphonous acid with alcohols havingo130 carbon atoms. This includes, for

example, diphenylphosphinic acid or 9,10-dihydrox@-10-phosphaphenanthrene 10-oxide.

The esters of phosphoric acid, phosphonic acidspinarous acid, phosphinic acid, phosphonous
acid or phosphinous acid suitable as componenelgenerally obtained by reaction of phosphoric
acid, pyrophosphoric acid, polyphosphoric acidsospionic acid, alkylphosphonic acids,
arylphosphonic acids, alkoxycarbonylalkylphosphoumicids, alkoxycarbonylphosphonic acids,
cyanoalkylphosphonic acids, cyanophosphonic adigjdiphosphonic acids, phosphonous acid,
phosphorous acid, phosphinic acid, phosphinous acithe halogen derivatives or phosphorus
oxides thereof with hydroxy compounds having 1 @ocarbon atoms such as methanol, ethanol,
propanol, butanol, pentanol, hexanol, heptanolaraai nonanol, decanol, dodecanol, tridecanol,
tetradecanol, pentadecanol, hexadecanol, heptamlecaroctadecanol, nonadecanol,
methoxymethanol, ethoxymethanol, propoxymethanalfoxymethanol, 2-ethoxyethanol, 2-
propoxyethanol, 2-butoxyethanol, phenol, ethyl loygacetate, propyl hydroxyacetate, ethyl
hydroxypropionate, propyl hydroxypropionate, 1,Rastediol, 1,2-propanediol, 1,2,3-
trihydroxypropane, 1,1,1-trimethylolpropane or @amythritol.

Phosphine oxides suitable as component K contaroomore alkyl, aryl or aralkyl groups having
1-30 carbon atoms bonded to the phosphorus. Pedfpitosphine oxides have the general formula
RsP=0 where R is an alkyl, aryl or aralkyl group hayi - 20 carbon atoms. Examples of suitable
phosphine oxides include trimethylphosphine oxidei(n-butyl)phosphine oxide, tri(n-
octyl)phosphine oxide, triphenylphosphine oxide,thgldibenzylphosphine oxide and mixtures
thereof.

Also suitable as component K are compounds of giasgs that can form one or more P-O bonds
by reaction with OH-functional compounds (such adew or alcohols for example). Examples of
such compounds of phosphorus that are useful ieclpdosphorus(V) sulfide, phosphorus

tribromide, phosphorus trichloride and phosphonisdide.

It is also possible to employ any desired mixtwethe abovementioned compounds as component
K.



10

15

20

25

30

35

BMS131 030 WO-NAT -7 - WO 2015/014732

It is preferable when component K is selected fratmleast one compound from the group
consisting of phosphoric acid, mono-, di- or triidlisters of phosphoric acid, mono-, di- or triaryl
esters of phosphoric acid,

mono-, di- or trialkaryl esters of phosphoric adidH,).HPQ,, phosphonic acid, mono or dialkyl
esters of phosphonic acid,

mono- or diaryl esters of phosphonic acid, mona-,d@lkaryl esters of phosphonic acid,
phosphorous acid, mono-, di- or trialkyl esterpbbsphorous acid, mono-, di- or triaryl esters of
phosphorous acid, mono-, di- or trialkaryl estdrplmsphorous acid,

phosphinic acid, phosphonous acid and phosphineitgs # is particularly preferable when
component K is selected from at least one compduamd the group consisting of phosphoric acid,

dibutyl phosphate, triethyl phosphate, phosphoaid and (NH),HPO,.

Step (i):

The addition of the one or more alkylene oxides eawtbon dioxide in the presence of at least one
DMC catalyst onto one or more H-functional stadabstance(s) ("copolymerization") affords a
reaction mixture comprising the polyether carbonadéyol and possibly cyclic carbonate (cf.
scheme (l); for example addition of propylene ox{Be= CH) thus affords propylene carbonate)

and also dioxanes (for example diemthyldioxandaéndase where R = GH

For example, the process according to step (hasacterized in that

(o) the H-functional starter substance or a mixtdratdeast two H-functional starter substances
or a suspension medium is initially charged andaater and/or other volatile compounds
are removed by elevated temperature and/or redquesdure ("drying"), wherein the DMC
catalyst is added to the H-functional starter safist or to the mixture of at least two H-
functional starter substances or the suspensioiumdaefore or after the drying,

(B) a portion (based on the total amount of alkylenéles employed in the activation and
copolymerization) of alkylene oxide is added to timixture from step o) to effect
activation, wherein this adding of a portion ofydéine oxide may optionally be performed in
the presence of Gand wherein the temperature spike ("hotspot") Wwiiccurs due to the
exothermic chemical reaction that follows and/geressure drop in the reactor is awaited,
and wherein steg] for effecting activation may also be performepaatedly,

(y) alkylene oxide, carbon dioxide and optionally @mmemore H-functional starter substance(s)
are added to the mixture from ste, (

wherein at least one H-functional starter substaedded at least in one of stepsdnd ).

Any suspension media employed contain no H-funefignoups. Suitable suspension media are all

polar aprotic, weakly polar aprotic and nonpolarotip solvents, none of which contain any H-
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functional groups. The suspension medium used ey k@ a mixture of two or more of these
suspension media. The following polar aprotic sosf media are mentioned here by way of
example: 4-methyl-2-0x0-1,3-dioxolane (also refdrreo hereinbelow as cyclic propylene
carbonate or cPC), 1,3-dioxolan-2-one (also refetoehereinbelow as cyclic ethylene carbonate or
cEC), acetone, methyl ethyl ketone, acetonitrilgromethane, dimethyl sulfoxide, sulfolane,
dimethylformamide, dimethylacetamide and N-methgilplydone. The group of the nonpolar and
weakly polar aprotic suspension media includesef@mple, ethers, for example dioxane, diethyl
ether, methyl tert-butyl ether and tetrahydrofurasters, for example ethyl acetate and butyl
acetate, hydrocarbons, for example pentane, n-eexsmmzene and alkylated benzene derivatives
(e.g. toluene, xylene, ethylbenzene) and chlorthatgdrocarbons, for example chloroform,
chlorobenzene, dichlorobenzene and carbon tetmndgdbloPreferred suspension media are 4-
methyl-2-oxo-1,3-dioxolane, 1,3-dioxolan-2-oneptte, xylene, ethylbenzene, chlorobenzene and
dichlorobenzene, and mixtures of two or more oséhsuspension media; particular preference is
given to 4-methyl-2-oxo-1,3-dioxolane and 1,3-dilexe2-one or a mixture of 4-methyl-2-oxo-1,3-

dioxolane and 1,3-dioxolan-2-one.

In general, the process according to the invermmary employ alkylene oxides (epoxides) having
2-24 carbon atoms. The epoxides having 2-24 cadtoms are, for example, one or more
compounds selected from the group consisting ofletie oxide, propylene oxide, 1-butene oxide,
2,3-butene oxide, 2-methyl-1,2-propene oxide (i¢ebe oxide), 1-pentene oxide, 2,3-pentene
oxide, 2-methyl-1,2-butene oxide, 3-methyl-1,2-mateoxide, 1-hexene oxide, 2,3-hexene oxide,
3,4-hexene oxide, 2-methyl-1,2-pentene oxide, dgiet,2-pentene oxide, 2-ethyl-1,2-butene
oxide, 1-heptene oxide, 1l-octene oxide, 1-nonendepXl-decene oxide, l-undecene oxide, 1-
dodecene oxide, 4-methyl-1,2-pentene oxide, butadiemonoxide, isoprene monoxide,
cyclopentene oxide, cyclohexene oxide, cycloheptexide, cyclooctene oxide, styrene oxide,
methylstyrene oxide, pinene oxide, mono- or polyégiaed fats as mono-, di- and triglycerides,
epoxidized fatty acids, C1-C24 esters of epoxiditatty acids, epichlorohydrin, glycidol, and
derivatives of glycidol, for example methyl glycidgther, ethyl glycidyl ether, 2-ethylhexyl
glycidyl ether, allyl glycidyl ether, glycidyl me#lerylate and epoxy-functional alkoxysilanes, for
example 3-glycidyloxypropyltrimethoxysilane, 3-gighgloxypropyltriethoxysilane, 3-
glycidyloxypropyltripropoxysilane, 3-glycidyloxyppylmethyldimethoxysilane, 3-
glycidyloxypropylethyldiethoxysilane, 3-glycidylopyopyltriisopropoxysilane. Preferably, the
alkylene oxides used are 1l-butene oxide, ethylendeoand/or propylene oxide, in particular

propylene oxide.

Suitable H-functional starter substances ("stdlteemployed may be compounds having
alkoxylation-active hydrogen atoms and having aamotass of 18 to 4500 g/mol, preferably of 60

to 500 g/mol and more preferably of 62 to 182 g/nidie ability to use a starter having a low
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molar mass is a distinct advantage over the uséigimeric starters prepared by means of a prior
alkoxylation. In particular, a level of economy bility is achieved that is made possible by the

omission of a separate alkoxylation process.

Examples of alkoxylation-active groups having aztid atoms include -OH, -NH2 (primary
amines), -NH- (secondary amines), -SH, and -CO2tdfepably -OH and —NH2, particularly
preferably -OH. H-Functional starter substances leyeg are, for example, one or more
compounds selected from the group consisting ofanamd polyhydric alcohols, polyfunctional
amines, polyfunctional thiols, amino alcohols, tlilzohols, hydroxy esters, polyether polyols,
polyester polyols, polyester ether polyols, polgetitarbonate polyols, polycarbonate polyols,
polycarbonates, polyethyleneimines, polyetheramipegstetrahydrofurans (e.g. PolyTHF® from
BASF), polytetrahydrofuran amines, polyether thipislyacrylate polyols, castor oil, the mono- or
diglyceride of ricinoleic acid, monoglycerides attly acids, chemically modified mono-, di- and/or
triglycerides of fatty acids, and C1-C24 alkyl ja#icid esters containing an average of at least 2
OH groups per molecule. The C1-C24 alkyl fatty aestiers which contain on average at least 2
OH groups per molecule are, for example, commengiaducts such as Lupranol Balance®
(BASF AG), Merginol® products (Hobum Oleochemic&@sbH), Sovermol® products (Cognis
Deutschland GmbH & Co. KG), and Soyol®TM produdiSESC Co.).

The mono-H-functional starter substances used neagltohols, amines, thiols and carboxylic
acids. The monofunctional alcohols used may behama, ethanol, 1-propanol, 2-propanol, 1-
butanol, 2-butanol, tert-butanol, 3-buten-1-ol, Bym-1-0l, 2-methyl-3-buten-2-ol, 2-methyl-3-
butyn-2-ol, propargyl alcohol, 2-methyl-2-propandl;tert-butoxy-2-propanol, 1-pentanol, 2-
pentanol, 3-pentanol, 1-hexanol, 2-hexanol, 3-helah-heptanol, 2-heptanol, 3-heptanol, 1-
octanol, 2-octanol, 3-octanol, 4-octanol, phenolhy@roxybiphenyl, 3-hydroxybiphenyl, 4-
hydroxybiphenyl, 2-hydroxypyridine, 3-hydroxypynidi,  4-hydroxypyridine. Useful
monofunctional amines include: butylamine, tertyarmine, pentylamine, hexylamine, aniline,
aziridine, pyrrolidine, piperidine, morpholine. Thnofunctional thiols used may be: ethanethiol,
1-propanethiol, 2-propanethiol, 1-butanethiol, 3me1-butanethiol, 2-butene-1-thiol, thiophenol.
Monofunctional carboxylic acids include: formic dgiacetic acid, propionic acid, butyric acid,
fatty acids such as stearic acid, palmitic acidjahcid, linoleic acid, linolenic acid, benzoiddc

acrylic acid.

Examples of polyhydric alcohols suitable as H-fim@l starter substances include dihydric
alcohols (for example ethylene glycol, diethyleihesgl, propylene glycol, dipropylene glycol, 1,3-
propanediol, 1,4-butanediol, 1,4-butenediol, 1,8¢ediol, neopentyl glycol, 1,5-pentanediol,
methylpentanediols (for example 3-methyl-1,5-peathol), 1,6-hexanediol, 1,8-octanediol, 1,10-
decanediol, 1,12-dodecanediol, bis(hydroxymethglmyexanes (for example 1,4-
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bis(hydroxymethyl)cyclohexane), triethylene glyctétraethylene glycol, polyethylene glycols,
dipropylene glycol, tripropylene glycol, polypropyle glycols, dibutylene glycol and polybutylene
glycols); trihydric alcohols (for example trimetbypropane, glycerol, trishydroxyethyl

isocyanurate, castor oil); tetrahydric alcoholsr (Bxample pentaerythritol); polyalcohols (for
example sorbitol, hexitol, sucrose, starch, stdrgtirolyzates, cellulose, cellulose hydrolyzates,
hydroxy-functionalized fats and oils, especiallystoa oil), and all the modification products of

these aforementioned alcohols with different amewifit-caprolactone.

The H-functional starter substances may also kextesl from the class of polyether polyols having
a molecular weight Mn in the range from 18 to 45000l and a functionality of 2 to 3. Preference
is given to polyether polyols formed from repeatigtipylene oxide and propylene oxide units,
preferably having a proportion of propylene oxidetsi of 35% to 100%, particularly preferably

having a proportion of propylene oxide units of 5694.00%. These may be random copolymers,
gradient copolymers, alternating copolymers or blogpolymers of ethylene oxide and propylene

oxide.

The H-functional starter substances may also kel from the class of polyester polyols. The
polyester polyols used are at least difunctiondyesiers. Preferably, polyester polyols consist of
alternating acid and alcohol units. Acid componarded are, for example, succinic acid, maleic
acid, maleic anhydride, adipic acid, phthalic anfdel phthalic acid, isophthalic acid, terephthalic
acid, tetrahydrophthalic acid, tetrahydrophthalichydride, hexahydrophthalic anhydride or
mixtures of the acids and/or anhydrides mentiodddohol components used are, for example,
ethanediol, 1,2-propanediol, 1,3-propanediol, Ltabediol, 1,5-pentanediol, neopentyl glycol,
1,6-hexanediol, 1,4-bis(hydroxymethyl)cyclohexandiethylene glycol, dipropylene glycol,

trimethylolpropane, glycerol, pentaerythritol orxtoires of the alcohols mentioned. Employing
dihydric or polyhydric polyether polyols as theaiol component affords polyester ether polyols

which can likewise serve as starter substancgsrégraration of the polyether carbonate polyols.

In addition, the H-functional starter substancesdusnay be polycarbonate diols which are
prepared, for example, by reaction of phosgeneettiyh carbonate, diethyl carbonate or diphenyl
carbonate with difunctional alcohols or polyestaiypls or polyether polyols. Examples of

polycarbonates may be found, for example, in EFBBIIL77.

In a further embodiment of the invention, it is pibte to use polyether carbonate polyols as H-
functional starter substances. More particularlglygther carbonate polyols obtainable by the
hereindescribed process step (i) are employedhifaend, these polyether carbonate polyols used

as H-functional starter substances are preparacgaparate reaction step beforehand.
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The H-functional starter substances generally havefunctionality (i.e. the number of
polymerization-active hydrogen atoms per molecwag)l to 8, preferably of 2 or 3. The H-
functional starter substances are used either ithdilly or as a mixture of at least two H-

functional starter substances.

It is particularly preferable when the H-functiorsdiirter substances are one or more compounds
selected from the group consisting of ethylene glypropylene glycol, propane-1,3-diol, butane-
1,3-diol, butane-1,4-diol, pentane-1,5-diol, 2-nyfhopane-1,3-diol, neopentyl glycol, 1,6-
hexanediol, 1,8-octanediol, diethylene glycol, dprene glycol, glycerol, trimethylolpropane,
pentaerythritol, sorbitol and polyether polyols imgva molecular weight Mn in the range from 150

to 4500 g/mol and a functionality of 2 to 3.

The polyether carbonate polyols are prepared lytat addition of carbon dioxide and alkylene
oxides onto H-functional starter substances. In dbetext of the invention, "H-functional" is
understood to mean the number of alkoxylation-actiydrogen atoms per molecule of the starter

substance.

Step €):
Preferably, in stepaf, a suspension medium containing no H-functiomaligs is initially charged

in the reactor, optionally together with DMC castlyand no H-functional starter substance is
initially charged in the reactor at this time. Ahatively, it is also possible in step)(to initially
charge a suspension medium containing no H-funatigroups and additionally a portion of the
H-functional starter substance(s) and optionally®batalyst in the reactor, or it is also possihle i
step () to initially charge a portion of the H-functionstiarter substance(s) and optionally DMC
catalyst in the reactor. In addition, it is alssgible in stepd to initially charge the total amount

of the H-functional starter substance(s) and opllgftDMC catalyst in the reactor.

The DMC catalyst is preferably used in such an arhthat the content of DMC catalyst in the
reaction product from step (i) is 10 to 10 000 pparticularly preferably 20 to 5000 ppm and most
preferably 50 to 500 ppm.

In a preferred embodiment, inert gas (for exampi®m@ or nitrogen), an inert gas/carbon dioxide
mixture or carbon dioxide is introduced into theuléing mixture of DMC catalyst with suspension
medium and/or H-functional starter substance aeraperature of 90°C to 150°C, particularly
preferably of 100°C to 140°C, and at the same aimeduced pressure (absolute) of 10 mbar to 800
mbar, particularly preferably of 50 mbar to 200 misapplied.
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In an alternative preferred embodiment, the rasgltnixture of DMC catalyst with suspension
medium and/or H-functional starter substance aeraperature of 90°C to 150°C, particularly
preferably of 100°C to 140°C, is contacted at |lesste, preferably three times, with 1.5 bar to 10
bar (absolute), particularly preferably 3 bar tba (absolute), of an inert gas (for example argon
or nitrogen), an inert gas/carbon dioxide mixturearbon dioxide and then the gauge pressure is

reduced in each case to about 1 bar (absolute).

The DMC catalyst can be added, for example, indsfiim or as a suspension in a suspension
medium or a plurality of suspension media or agspsnsion in one or more H-functional starter

substance(s).

In a further embodiment, in steg)(

(o-) suspension medium and/or a portion or the tambunt of H-functional starter substance is
initially charged and

(o-Il) the temperature of the suspension medium andfdhe H-functional starter substance is
brought to 50°C to 200°C, preferably 80°C to 160f@yticularly preferably 100°C to
140°C, and/or the pressure in the reactor is loavevdess than 500 mbar, preferably 5 mbar
to 100 mbar and an inert gas stream (for exampbrgdn or nitrogen), an inert gas/carbon
dioxide stream or a carbon dioxide stream is opfigrpassed through the reactor,

wherein the double metal cyanide catalyst is addethe suspension medium and/or to the H-

functional starter substance in steg) or immediately thereafter in steg-ll), and

wherein the suspension medium contains no H-funatigroups.

Step B):
Step @) serves to activate the DMC catalyst. This steg optionally be conducted under an inert

gas atmosphere, under an atmosphere of inert gasfcdioxide mixture or under a carbon dioxide
atmosphere. Activation in the context of this intiem refers to a step where a portion of alkylene
oxide is added to the DMC catalyst suspensionmapégatures of 90°C to 150°C and the addition
of the alkylene oxide is then interrupted, a subesat exothermic chemical reaction causing an
evolution of heat to be observed which can leadattemperature spike ("hotspot”) and the
conversion of alkylene oxide and optionally CO2 giag a pressure drop to be observed in the
reactor. The process step of activation is theopefiom the addition of the portion of alkylene
oxide, optionally in the presence of CO2, to the ©iatalyst until the occurrence of the evolution
of heat. Optionally, the portion of alkylene oxicin be added to the DMC catalyst in a plurality of
individual steps, optionally in the presence of C&ad then the addition of the alkylene oxide can
be stopped in each case. In this case, the pretgsof activation comprises the period from the
addition of the first portion of alkylene oxide, tmmally in the presence of CO2, to the DMC

catalyst until the occurrence of the evolution ehafter addition of the last portion of alkylene
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oxide. In general, the activation step may be pfedeby a step for drying the DMC catalyst and
optionally the H-functional starter substance avalted temperature and/or reduced pressure,

optionally with passage of an inert gas throughréaetion mixture.

The one or more alkylene oxides (and optionallydéwdon dioxide) can in principle be metered in
in different ways. The commencement of the metawddition can be effected from vacuum or at a
previously chosen supply pressure. The supply press preferably established by introduction of
an inert gas (for example nitrogen or argon) ocarbon dioxide, where the pressure (in absolute

terms) is 5 mbar to 100 bar, preferably 10 mb&Qdar and by preference 20 mbar to 50 bar.

In a preferred embodiment, the amount of one orenadkylene oxides used in the activation in

step @) is 0.1 to 25.0% by weight, preferably 1.0 to 20.0y weight, particularly preferably 2.0 to

16.0% by weight (based on the amount of suspemsemium and/or H-functional starter substance

used in stepd)). The alkylene oxide can be added in one stefindwo or more portions.

Preferably, after addition of a portion of alkylengide, the addition of the alkylene oxide is

stopped until the occurrence of evolution of hewt anly then is the next portion of alkylene oxide

added. Preference is also given to a two-stageadicin (ste), wherein

(B1) in a first activation stage a first portion dikydene oxide is added under inert gas atmosphere
and

(B2) in a second activation stage a second portiaikyfene oxide is added under carbon dioxide

atmosphere.

Step ¢):
For the process according to the invention, it haen found that stepy)(is advantageously

conducted at 50°C to 150°C, preferably at 60°C4%°C, particularly preferably at 70°C to 140°C
and very particularly preferably at 90°C to 130B&low 50°C, the reaction to form a polyether
carbonate polyol proceeds only very gradually. ekhperatures above 150°C, there is a sharp rise

in the quantity of unwanted byproducts.

The metered addition of one or more alkylene oxided the carbon dioxide can be effected
simultaneously, alternately or sequentially, whitsetotal amount of carbon dioxide can be added
all at once or metered in over the reaction timhés possible, during the addition of the alkylene
oxide, to increase or lower the CO2 pressure gthdwa stepwise or to leave it constant.

Preferably, the total pressure is kept constaninduthe reaction by metered addition of further
carbon dioxide. The metered addition of one or natkglene oxides is carried out simultaneously,
alternately or sequentially with the metered addinf carbon dioxide. It is possible to meter ia th

alkylene oxide at a constant metering rate, ontoeiase or lower the metering rate gradually or

stepwise, or to add the alkylene oxide in portidhsferably, the alkylene oxide is added to the



10

15

20

25

30

35

BMS131 030 WO-NAT -14 - WO 2015/014732

reaction mixture at a constant metering rate.gfugality of alkylene oxides are used for synthesis
of the polyether carbonate polyols, the alkylen@lex can be metered in individually or as a
mixture. The metered addition of the alkylene ogidan be effected simultaneously, alternately or
sequentially, each via separate metering pointgditjad points), or via one or more metering
points, in which case the alkylene oxides can bé&esrad in individually or as a mixture. It is
possible via the manner and/or sequence of thereaktaldition of the alkylene oxides and/or the

carbon dioxide to synthesize random, alternatitagkoor gradient polyether carbonate polyols.

Preferably, an excess of carbon dioxide is useskdan the calculated amount of carbon dioxide
incorporated in the polyether carbonate polyol¢csian excess of carbon dioxide is advantageous
because of the low reactivity of carbon dioxidee Bmount of carbon dioxide can be fixed via the
total pressure under the respective reaction dondit An advantageous total pressure (in absolute
terms) for the copolymerization for preparatiortted polyether carbonate polyols has been found
to be in the range from 0.01 to 120 bar, prefer@blyto 110 bar, particularly preferably from 1 to
100 bar. It is possible to feed in the carbon dlextontinuously or discontinuously. This depends
on how quickly the alkylene oxides and the CO2amesumed and on whether the product is to
include any CO2-free polyether blocks or blockshwitfferent CO2 contents. The amount of the
carbon dioxide (reported as pressure) can likew#sg in the course of addition of the alkylene
oxides. According to the reaction conditions s&dcit is possible to introduce the CO2 into the
reactor in the gaseous, liquid or supercriticalest€O2 can also be added to the reactor in solid
form and then converted under the selected reactiolitions to the gaseous, dissolved, liquid

and/or supercritical state.

In a process comprising metered addition of onmare H-functional starter substance(s) in step
(y), the metered addition of one or more H-functiostalrter substance(s), one or more alkylene
oxide(s) and optionally also of the carbon dioxide be effected simultaneously or sequentially
(in portions); for example, it is possible to atid total amount of carbon dioxide, the amount of H-
functional starter substances and/or the amoualkgfene oxides metered in in step &all at once

or continuously. The term "continuously" used heam be defined as a mode of addition of a
reactant such that a concentration of the reaeff@ttive for the copolymerization is maintained,

meaning that, for example, the metered additionbeaaffected with a constant metering rate, with

a varying metering rate or in portions.

It is possible, during the addition of the alkylemede and/or the H-functional starter substances,
to increase or lower the G@ressure gradually or stepwise or to leave it @orisPreferably, the
total pressure is kept constant during the readtypmetered addition of further carbon dioxide.
The metered addition of one or more alkylene odpeatd/or the one or more H-functional starter

substance(s) is effected simultaneously or seaulbntivith respect to the metered addition of
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carbon dioxide. It is possible to meter in the Bkg oxide at a constant metering rate, or to
increase or lower the metering rate gradually epwise, or to add the alkylene oxide in portions.
Preferably, the alkylene oxide is added to thetr@aamixture at a constant metering rate. If a

plurality of alkylene oxides are used for synthedishe polyether carbonate polyols, the alkylene
oxides can be metered in individually or as a mixt’he metered addition of the alkylene oxides
and/or of the H-functional starter substances aamffected simultaneously or sequentially, each
via separate metering points (addition points)iarone or more metering points, in which case the
alkylene oxides and/or the H-functional starterssabces can be metered in individually or as a
mixture. It is possible via the manner and/or segaeof the metered addition of the H-functional

starter substances, the alkylene oxides and/acat®son dioxide to synthesize random, alternating,

block or gradient polyether carbonate polyols.

In a preferred embodiment, in step, the metered addition of the one or more H-flordi starter

substance(s) is ended at a juncture prior to théiad of the alkylene oxide.

One characteristic feature of a preferred embodiroéthe process according to the invention is
that, in stepy(), the total amount of the one or more H-functicstalter substance(s) is added, i.e. a
suspension medium is used in stejp [This addition can be effected at a constant nmgfeate, at

a varying metering rate or in portions.

Preferably, the polyether carbonate polyols ar@amex] in a continuous process which comprises
both a continuous copolymerization and a continuaddition of the one or more H-functional
starter substance(s). The invention therefore piswides a process wherein, in stejp one or
more H-functional starter substance(s), one or nakglene oxide(s) and DMC catalyst are
metered continuously into the reactor in the presesf carbon dioxide ("copolymerization"), and
wherein the resulting reaction mixture (compristhg reaction product) is removed continuously
from the reactor. Preferably, in step),(the DMC catalyst which has been suspended in H-
functional starter substance is added continuodgig. metered addition of the alkylene oxide, the
H-functional starter substance and the DMC catatgst be effected via separate or combined
metering points. In a preferred embodiment, theylatle oxide and the H-functional starter
substance are metered continuously into the reactixture via separate metering points. This
addition of the one or more H-functional startebstance(s) can be effected as a continuous

metered addition into the reactor or in portions.

For example, for the continuous process for pregattie polyether carbonate polyols in staps (
and ), an activated DMC catalyst/suspension mediumumixis prepared, then, in step,(
(y1) a portion each of one or more H-functional stasubstance(s), one or more alkylene oxide(s)

and carbon dioxide are metered in to initiate thygotymerization, and
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(y2) during the progress of the copolymerization, rigy@aining amount of each of DMC catalyst,
one or more starter substance(s) and alkylene ®ide metered in continuously in the
presence of carbon dioxide, with simultaneous ootis removal of resulting reaction

mixture from the reactor.

In step ¢), the DMC catalyst is preferably added suspendedd H-functional starter substance.

Steps ¢), () and {) can be performed in the same reactor, or eaclhegerformed separately in
different reactors. Particularly preferred reactgpes are: tubular reactors, stirred tanks, loop

reactors.

Steps ¢), (B) and §) can be performed in a stirred tank, in which dhsestirred tank, according to
the design and mode of operation, is cooled viar¢laetor shell, internal cooling surfaces and/or
cooling surfaces within a pumped circulation systBoth in the semi-batchwise process, in which
the product is withdrawn only after the reactios baded, and in the continuous process, in which
the product is withdrawn continuously, particul&eation should be paid to the metering rate of
the alkylene oxide. This should be set such thlmatspgite of the inhibiting action of the carbon
dioxide, the alkylene oxides are depleted quickigugh.

In a preferred embodiment, the mixture comprisimg &activated DMC catalyst that results from
steps ¢) and @) is reacted further in the same reactor with onmore alkylene oxide(s), one or
more starter substance(s) and carbon dioxide. farther preferred embodiment, the mixture
comprising the activated DMC catalyst that resfritsn steps ¢) and ) is reacted further with
alkylene oxides, one or more starter substancagsyarbon dioxide in another reaction vessel (for

example a stirred tank, tubular reactor or looEt@a.

In the case of a reaction conducted in a tubukactog, the mixture comprising the activated DMC
catalyst that results from steps) @nd (), one or more H-functional starter substance(sg or
more alkylene oxide(s) and carbon dioxide are puhgntinuously through a tube. The molar
ratios of the co-reactants vary according to therdd polymer. In a preferred embodiment, carbon
dioxide is metered in here in its liquid or supgical form, in order to enable optimal miscibility
of the components. Advantageously, mixing elemdoitsbetter mixing of the co-reactants are
installed, as sold, for example, by Ehrfeld Mikiafteik BTS GmbH, or mixer-heat exchanger

elements which simultaneously improve the mixind haat removal.

Loop reactors can likewise be used for performaoicsteps ¢), (3) and §). These generally
include reactors having recycling of matter, foample a jet loop reactor, which can also be

operated continuously, or a tubular reactor designehe form of a loop with suitable apparatuses
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for the circulation of the reaction mixture, oraop of several series-connected tubular reactors.
The use of a jet loop reactor is advantageous &dlyelsecause backmixing can be achieved here,
such that it is possible to keep the concentratibfree alkylene oxides in the reaction mixture
within the optimal range, preferably in the rangai > 0% to 40% by weight, more preferably >
0% to 25% by weight, most preferably > 0% to 15%wayght (based in each case on the weight of

the reaction mixture).

Preferably, stepsuf and @) are conducted in a first reactor, and the rasglteaction mixture is
then transferred into a second reactor for the lyoparization in stepy). However, it is also

possible to conduct steps){(B) and §) in one reactor.

The process in step (i) can also be conducted ¢h suway that a DMC catalyst activated in a
suspension medium in stepg Gnd @) is used at first, and the DMC catalyst is add@taut prior
activation during the copolymerization)( A particularly advantageous feature of the prefd
embodiment of the present invention is thus thditalio use "fresh" DMC catalysts without
activation for a portion of DMC catalyst which idded continuously in stegy)( An activation of
DMC catalysts to be conducted analogously to spe¢ml¢es not just involve additional attention
from the operator, which results in an increasehm manufacturing costs, but also requires a
pressurized reaction vessel, which also resuléimcrease in the capital costs in the constrctio
of a corresponding production plant. Here, "freBIMC catalyst is defined as unactivated DMC
catalyst in solid form or in the form of a slurny & starter substance or suspension medium. The
ability of the present process to use fresh unatetv DMC catalyst in steg)(enables significant
savings in the commercial preparation of polyetliarbonate polyols and is a preferred

embodiment of the present invention.

The term "continuously" used here can be defineth@snode of addition of a relevant catalyst or
reactant such that an essentially continuous éffectoncentration of the DMC catalyst or the
reactant is maintained. The catalyst can be feth ia truly continuous manner or in relatively
closely spaced increments. Equally, a continuowditiad of starter can be effected in a truly
continuous manner or in increments. There wouldhbedeparture from the present process in
adding a DMC catalyst or reactant incrementallyhsiiat the concentration of the materials added
drops essentially to zero for a period of time befihe next incremental addition. However, it is
preferable that the DMC catalyst concentrationeigtlessentially at the same concentration during
the main portion of the course of the continuousctien, and that starter substance is present
during the main portion of the copolymerizationgess. An incremental addition of DMC catalyst
and/or reactant which essentially does not afféet bhature of the product is nevertheless
"continuous" in that sense in which the term is\gaised here. One feasible option is, for example,

to provide a recycling loop in which a portion betreacting mixture is recycled to a prior point in
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the process, as a result of which discontinuitiesught about by incremental additions are

smoothed out.

Step 6)

In an optional stepdf the reaction mixture continuously removed in st@pwhich generally has
an alkylene oxide content of from 0.05% by weightl0% by weight may be transferred into a
postreactor in which, by way of a postreaction,abetent of free alkylene oxide is reduced to less
than 0.05% by weight in the reaction mixture. Thstpeactor may be a tubular reactor, a loop
reactor or a stirred tank for example. The pressurthis postreactor is preferably at the same
pressure as in the reaction apparatus in whichiopastep ) is performed. The pressure in the
downstream reactor can, however, also be selettdhigher or lower level. In a further preferred
embodiment, the carbon dioxide, after reaction gtgp is fully or partly released and the
downstream reactor is operated at standard pressura slightly elevated pressure. The
temperature in the downstream reactor is prefer@@fC to 150°C and more preferably 80°C to
140°C.

The polyether carbonate polyols obtained in acearéavith the invention have a functionality of,
for example, at least 1, preferably of 1 to 8, ipatarly preferably of 1 to 6 and very particularly
preferably of 2 to 4. The molecular weight is prafdy 400 to 10000 g/mol and particularly
preferably 500 to 6000 g/mol.

The content of volatile constituents in the polgstbarbonate polyol from step (i) may optionally
be reduced by thermal means at a temperature @f ®0200°C prior to step (ii) and/or the content
of volatile constituents in the reaction mixturerfr step (ii) may be reduced by thermal means at a
temperature of 80°C to 200°C.

Reduction of the volatile constituents by thermatams may be achieved using the methods
generally known to those skilled in the art frore firior art. For example the thermal reduction of
the volatile constituents may be achieved by thim &vaporation, short path evaporation or falling
film evaporation, this preferably being carried auder reduced pressure (vacuum). It is also
possible to employ classical distillation processksre the polyether carbonate polyol is heated to
a temperature of from 80°C to 200°C in a flask ostiared tank for example and the volatile
constituents are distilled off overhead. The efindy of the distillation may be enhanced by
employing reduced pressure and/or an inert strgpmas (for example nitrogen) and/or an
entraining agent (for example water or inert orgasolvent). The reduction of the volatile
constituents may also be achieved by vacuum stigpm a packed column, steam or nitrogen

typically being employed as the stripping gas.
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DMC catalysts for use in the homopolymerizatioratiylene oxides are known in principle from
the prior art (see, for example, US-A 3 404 109;AJ$ 829 505, US-A 3 941 849 and US-A 5 158
922). DMC catalysts, which are described, for edemip US-A 5 470 813, EP-A 700 949, EP-A
743 093, EP-A 761 708, WO 97/40086, WO 98/16310\wa00/47649, have a very high activity
and enable the preparation of polyether carborali@ls at very low catalyst concentrations, such
that a removal of the catalyst from the finisheddarct is generally not required. A typical example
is that of the highly active DMC catalysts whicle atescribed in EP-A 700 949 and contain not
only a double metal cyanide compound (e.g. zinabganocobaltate(lll)) and an organic complex
ligand (e.g. tert-butanol) but also a polyetherihgwa humber-average molecular weight greater
than 500 g/mol.

The DMC catalysts are preferably obtained by

(i) reacting an agqueous solution of a metal sdihwie aqueous solution of a metal cyanide salt in
the presence of one or more organic complex ligamds an ether or alcohol, in a first step

(i) removing the solid from the suspension obtdirfeom (i) by known techniques (such as
centrifugation or filtration) in a second step,

(iif) optionally washing the isolated solid with @gueous solution of an organic complex ligand
(for example by resuspending and subsequent rersplhy filtration or centrifugation) in a
third step,

(iv) and subsequently drying the solid obtainedesperatures of in general 20-120°C and at
pressures of in general 0.1 mbar to atmospherisspre (1013 mbar), optionally after
pulverizing,

wherein in the first step or immediately after theecipitation of the double metal cyanide

compound (second step) one or more organic coniglards, preferably in excess (based on the

double metal cyanide compound), and optionallyheiricomplex-forming components are added.

The double metal cyanide compounds present in M€ Ratalysts are the reaction products of

water-soluble metal salts and water-soluble mgtahicle salts.

For example, an aqueous solution of zinc chlonteférably in excess based on the metal cyanide
salt, for example potassium hexacyanocobaltate)patassium hexacyanocobaltate are mixed and
dimethoxyethane (glyme) dert-butanol (preferably in excess based on zinc hextamgobaltate)

is then added to the suspension formed.

Metal salts suitable for preparation of the doulnietal cyanide compounds preferably have the

general formula (II)
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M(X)n (1
where
M is selected from the metal cations®’ZrFe*, Ni**, Mn**, Cd”*, SF*, Srf*, P and CG*; M is
preferably ZA*, F&*, Co* or Ni**,
X are one or more (i.e. different) anions, prefgraim anion selected from the group of halides (i.e
fluoride, chloride, bromide, iodide), hydroxidelfate, carbonate, cyanate, thiocyanate, isocyanate,
isothiocyanate, carboxylate, oxalate and nitrate;
nis 1 when X = sulfate, carbonate or oxalate and
n is 2 when X = halide, hydroxide, carboxylate, @at&, thiocyanate, isocyanate, isothiocyanate or

nitrate,

or suitable metal salts have the general formuilg (1

M. (X)3 (1)
where
M is selected from the metal cationsF&l**, Co** and CF",
X are one or more (i.e. different) anions, prefgram anion selected from the group of halides (i.e
fluoride, chloride, bromide, iodide), hydroxidelfate, carbonate, cyanate, thiocyanate, isocyanate,
isothiocyanate, carboxylate, oxalate and nitrate;
r is 2 when X = sulfate, carbonate or oxalate and
ris 1 when X = halide, hydroxide, carboxylate, i@, thiocyanate, isocyanate, isothiocyanate or

nitrate,

or suitable metal salts have the general formMa (I

M(X)s (V)
where
M is selected from the metal cations ¥av** and W,
X are one or more (i.e. different) anions, prefgraim anion selected from the group of halides (i.e
fluoride, chloride, bromide, iodide), hydroxidelfate, carbonate, cyanate, thiocyanate, isocyanate,
isothiocyanate, carboxylate, oxalate and nitrate;
s is 2 when X = sulfate, carbonate or oxalate and
s is 4 when X = halide, hydroxide, carboxylate,rate, thiocyanate, isocyanate, isothiocyanate or

nitrate,

or suitable metal salts have the general formu)a (V

M(X)+ (V)
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where

M is selected from the metal cations Mand W*,

X are one or more (i.e. different) anions, prefgraim anion selected from the group of halides (i.e
fluoride, chloride, bromide, iodide), hydroxidelfate, carbonate, cyanate, thiocyanate, isocyanate,
isothiocyanate, carboxylate, oxalate and nitrate;

tis 3 when X = sulfate, carbonate or oxalate and

tis 6 when X = halide, hydroxide, carboxylate, g, thiocyanate, isocyanate, isothiocyanate or

nitrate.

Examples of suitable metal salts are zinc chloriiec bromide, zinc iodide, zinc acetate, zinc
acetylacetonate, zinc benzoate, zinc nitrate, ifos(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 ofedént metal salts.

Metal cyanide salts suitable for preparation of tweible metal cyanide compounds preferably

have the general formula (V1)

(Y)a M'(CN)s (A)c )
where
M' is selected from one or more metal cations ftbengroup consisting of Fe(ll), Fe(lll), Co(ll),
Co(lly, Cr(l1), Cr(l), Mn(l1), Mn(ll), Ir(ll), Ni(ll), Rh(), Ru(ll), V(V) and V(V); M' is
preferably one or more metal cations from the groampsisting of Co(ll), Co(lll), Fe(ll), Fe(lll),
Cr(11), Ir(1l1) and Ni(l1),
Y is selected from one or more metal cations frbmn group consisting of alkali metal (i.e."Li
Na', K*, Rb") and alkaline earth metal (i.e. BeMg**, C&*, S#*, B&Y),
A is selected from one or more anions from the groonsisting of halides (i.e. fluoride, chloride,
bromide, iodide), hydroxide, sulfate, carbonateanate, thiocyanate, isocyanate, isothiocyanate,
carboxylate, azide, oxalate and nitrate, and
a, b and c are integers, the values for a, b anoking selected such as to ensure the
electroneutrality of the metal cyanide salt; arnisfgrably 1, 2, 3 or 4; b is preferably 4, 5 orc6;

preferably has the value O.

Examples of suitable metal cyanide salts are sodiwmacyanocobaltate(lll), potassium
hexacyanocobaltate(lll), potassium hexacyanofdiigt@otassium hexacyanoferrate(lll), calcium

hexacyanocobaltate(lll) and lithium hexacyanocata(ll).

Preferred double metal cyanide compounds presegheiDMC catalysts are compounds of general
formula (VII)



10

15

20

25

30

35

BMS131 030 WO-NAT -22 - WO 2015/014732

MM’ (CN) ], (vi)
where M is as defined in formula (ll) to (V) and
M' is as defined in formula (VI), and
X, X', y and z are integers and are chosen so assiare electronic 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(lll) or Ir(lll).

Examples of suitable double metal cyanide compow)dasre zinc hexacyanocobaltate(lll), zinc
hexacyanoiridate(lll), zinc hexacyanoferrate(lindacobalt(ll) hexacyanocobaltate(lll). Further
examples of suitable double metal cyanide compooadshe found, for example, in US 5 158 922

(column 8, lines 29-66). Particular preferenceiveig to using zinc hexacyanocobaltate(lll).

The organic complex ligands added in the preparabbthe DMC catalysts are disclosed, for
example, in US 5 158 922 (see especially columne&s|9 to 65), US 3 404 109, US 3 829 505, US
3 941 849, EP-A 700 949, EP-A 761 708, JP 4 145 W&35 470 813, EP-A 743 093 and WO-A
97/40086). The organic complex ligands used areefxample, water-soluble organic compounds
containing heteroatoms such as oxygen, nitrogemsgitorus or sulfur, which can form complexes
with the double metal cyanide compound. Preferreglamic complex ligands are alcohols,
aldehydes, ketones, ethers, esters, amides, nitdss, sulfides and mixtures thereof. Particiylar
preferred organic complex ligands are aliphatieeth(such as dimethoxyethane), water-soluble
aliphatic alcohols (such as ethanol, isopropandlutanol, isobutanol, sec-butanol, tert-butanol, 2-
methyl-3-buten-2-ol and 2-methyl-3-butyn-2-ol), queands containing both aliphatic or
cycloaliphatic ether groups and aliphatic hydroggdups (for example ethylene glycol mono-tert-
butyl ether, diethylene glycol mono-tert-butyl etheipropylene glycol monomethyl ether and 3-
methyl-3-oxetanemethanol). The organic complexnldgagiven greatest preference are selected
from one or more compounds of the group consigifirdjmethoxyethane, tert-butanol 2-methyl-3-
buten-2-ol, 2-methyl-3-butyn-2-ol, ethylene glycohono-tert-butyl ether and 3-methyl-3-

oxetanemethanol.

The preparation of the DMC catalysts optionally &ywp one or more complex-forming
component(s) from the compound classes of the pwyg, polyesters, polycarbonates,
polyalkylene glycol sorbitan esters, polyalkylendycgl glycidyl ethers, polyacrylamide,

poly(acrylamide-co-acrylic acid), polyacrylic acid,poly(acrylic acid-co-maleic acid),
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polyacrylonitrile, polyalkyl acrylates, polyalkyl ethacrylates, polyvinyl methyl ethers, polyvinyl
ethyl ethers, polyvinyl acetate, polyvinyl alcoholpoly-N-vinylpyrrolidone, poly(N-
vinylpyrrolidone-co-acrylic acid), polyvinyl methWetone, poly(4-vinylphenol), poly(acrylic acid-
co-styrene), oxazoline polymers, polyalkyleneimjnemaleic acid and maleic anhydride
copolymers, hydroxyethyl cellulose and polyacetals, of the glycidyl ethers, glycosides,
carboxylic esters of polyhydric alcohols, gallicidsc or salts, esters or amides thereof,
cyclodextrins, phosphorus compoundsp-unsaturated carboxylic esters or ionic surface- or

interface-active compounds.

The first step of the preparation of the DMC cattdypreferably comprises converting the aqueous
solutions of the metal salt (e.g. zinc chlorideed in a stoichiometric excess (at least 50 mol%)
based on metal cyanide salt (i.e. at least a maiao of metal salt to metal cyanide salt of
2.25:1.00), and of the metal cyanide salt (e.gag®tm hexacyanocobaltate) in the presence of the
organic complex ligand (e.g. tert-butanol) to foemsuspension comprising the double metal
cyanide compound (e.g. zinc hexacyanocobaltatejerwaxcess metal salt, and the organic

complex ligand.

This organic complex ligand may be present in tngeaus 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 proven adg®ous to mix the metal salt and metal
cyanide salt agueous solutions and the organic lexrigand by stirring vigorously. Optionally,
the suspension formed in the first step is subsdtjuéreated with a further complex-forming
component. The complex-forming component is préigraised in a mixture with water and
organic complex ligand. A preferred process fofgraning the first step (i.e. the preparation of the
suspension) comprises using a mixing nozzle, pdatity preferably using a jet disperser, as
described in WO-A 01/39883.

In the second step, the solid (i.e. the precurgothe inventive catalyst) is isolated from the

suspension by known techniques, such as centriurgat filtration.

In a preferred execution variant, the isolateddsdisubsequently washed in a third process step
with an aqueous solution of the organic complearidy (for example by resuspension and
subsequent reisolation by filtration or centrifugaj. In this way, it is possible to remove, for
example, water-soluble by-products such as potasshloride from the catalyst. Preferably, the
amount of the organic complex ligand in the aquamash solution is between 40% and 80% by

weight, based on the overall solution.
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Further complex-forming component is optionally eddo the aqueous wash solution in the third

step, preferably in the range between 0.5% and yp%dight, based on the overall solution.

It is moreover advantageous to wash the isolatéd swre than once. It is preferable when said
solid is washed with an aqueous solution of theawigg complex ligand (for example with an
aqueous solution of the unsaturated alcohol) inirst fwash step (iii-1) (for example by
resuspension and subsequent reisolation by fotradr centrifugation), in order thus to remove, for
example, water-soluble by-products such as potasshloride from the catalyst. It is particularly
preferable when the amount of the organic compgant (for example unsaturated alcohol) in the
aqueous wash solution is between 40 and 80% byhityddgsed on the overall solution in the first
wash step. In the further wash steps (iii-2) thst fivash step is either repeated one or more times,
preferably one to three times, or, preferably, aagmeous solution, for example a mixture or
solution of organic complex ligands (for examplesaturated alcohol) and a further complex-
forming component (preferably in the range betw@&% and 5% by weight, based on the total
amount of the wash solution in step (iii-2)), issdsas a wash solution to wash the solid one or

more times, preferably one to three times.

The isolated and possibly washed solid is subselyudried at temperatures of in general 20-
100°C and at pressures of in general 0.1 mbanosyheric pressure (1013 mbar), optionally after

pulverizing.

A preferred process for isolating the DMC catalyfstsn the suspension by filtration, filtercake
washing and drying is described in WO-A 01/80994.

In addition to the preferably employed DMC catadydiased on zinc hexacyanocobaltate
(Zns[Co(CN)]2) the process according to the invention may alspley other metal complex
catalysts based on the metals zinc and/or cobdlfamiliar, from the prior art, to those skilled in
the art for copolymerization of epoxides and cardmxide. This includes in particular so-called
zinc glutarate catalysts (described, for exampleVli H. Chisholm et al., Macromolecules 2002,
35, 6494), so-called zinc diiminate catalysts (desd, for example, in S. D. Allen, J. Am. Chem.
Soc. 2002, 124, 14284) and so-called cobalt salnlysts (described, for example, in US
7,304,172 B2, US 2012/0165549 Al).

After performance of the process according to tivemtion for preparing the polyether carbonate
polyol, the resulting reaction mixture generallyrgoises the DMC catalyst in the form of finely

dispersed solid particles. It may therefore berdbk to remove the DMC catalyst from the
resulting reaction mixture as completely as possithe removal of the DMC catalyst has the

advantage that the resulting polyether carbonalpachieves industry- or certification-relevant
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limits for example in terms of metal contents otérms of other emissions resulting from activated
catalyst remaining in the product and also fad¢édaecovery of the DMC catalyst.

The DMC catalyst may be removed to the greatessiplesextent or completely using various
methods. The DMC catalyst may be removed from tigepher carbonate polyol using membrane
filtration (nanofiltration, ultrafiltration or cradlow filtration), using cake filtration, using preat
filtration or by centrifugation.

Removal of the DMC catalyst is preferably effectesing a multistage process consisting of at
least two steps.

For example, in a first step the reaction mixtwde filtered is subjected to a first filtratioret
where it is divided into a relatively large subatre(filtrate) which has had a large proportion of
the catalyst or all of the catalyst removed froraritl a relatively small residual stream (retentate)
which comprises the catalyst removed. The resisiwaehm is then subjected to a dead end filtration
in a second step. This affords a further filtréteam where a large proportion of the catalystllor a
of the catalyst has been removed and a damp tagaicdry catalyst residue has been obtained.
Alternatively, the catalyst comprised in the pohgstcarbonate polyol may be subjected to a first
step comprising adsorption, agglomeration/coagaiatind/or flocculation followed by a second or
a plurality of subsequent steps comprising the ra&hof the solid phase from the polyether
carbonate polyol. Suitable adsorbents for mechplugsical and/or chemical adsorption
comprise, inter alia, activated or nonactivated mahas and fuller's earths (sepiolite,
montmorillonite, talc etc.), synthetic silicatestigated carbon, silicas/diatomaceous earths and
activated silicas/diatomaceous earths in typicabam ranges of from 0.1% by weight to 2% by
weight, preferably 0.8% by weight to 1.2% by wejdbdsed on the polyether carbonate polyol at
temperatures of from 60°C to 140°C, preferably 983C10°C, and residence times of from 20
min to 100 min, preferably 40 min to 80 min, it tgipossible to carry out the adsorption step,
including blending of the adsorbent, in batchwiseantinuous fashion.

A preferred process for removing this solid phasmgisting, for example, of adsorbent and DMC
catalyst) from the polyether carbonate polyol isgoat filtration. Here, depending on the filtration
behavior which is determined by the particle sistrithution of the solid phase to be removed, the
average specific resistance of the resulting Gtike and the total resistance of the precoat layer
and filtercake, the filter surface is coated witipexmeable filtration aid (for example inorganic:
celite, perlite; organic: cellulose) with a laybickness of from 20 mm to 250 mm, preferably 100
mm to 200 mm ("pre-coat”). The removal of the migjoof the solid phase (consisting, for
example, of adsorbent and DMC catalyst) is effecedhe surface of the precoat layer in
combination with depth filtration of the smallerrppeles within the precoat layer. The temperature
of the crude product to be filtered is generallyhia range from 50°C to 120°C, preferably 70°C to
100°C.

In order to ensure a sufficient flow of productaiwgh the precoat layer and the cake layer growing

thereupon, the cake layer and a small part of teegat layer may be removed using a scraper or
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blade (periodically or continuously) and removednir the process. The adjustment of this
scraper/blade is performed at minimum advancemetess rof about 20 pm/min — 500 pm/min,
preferably in the range 50 um/min — 150 um/min.

As soon as the precoat layer has been practicallgompletely removed by this process, the
filtration is stopped and a new precoat layer igliag to the filter surface. Here, the filtratioid a
may be suspended in cyclic propylene carbonateample.

This precoat filtration is typically carried outwacuum-drum filters. In order to realize indudtyia
relevant filtrate flow rates in the range of fromd ®n3/(m2eh) to 5 m3/(mz2eh) in the case of a visou
feed stream the drum filter may also be implemerdsda pressure-drum filter with pressure
differences of up to 6 bar or more between the orado be filtered and the filtrate side.

In principle, the DMC catalyst may be removed frtine resulting reaction mixture from the
process according to the invention either beforaoreal of volatile constituents (for example
cyclic propylene carbonate) or after removal ofatit¢ constituents.

The removal of the DMC catalyst from the resultiegction mixture from the process according to
the invention may moreover be carried out with atheout the further addition of a solvent (in
particular cyclic propylene carbonate) to reduae\tiscosity before or during the individual cited

catalyst removal steps.

The polyether carbonate polyols obtainable by tloegss according to the invention have a low
content of by-products and may be readily processegarticular by reaction with di- and/or
polyisocyanates to afford polyurethanes, in paldicflexible polyurethane foams. One preferred
embodiment of the invention accordingly has fordlgect the provision of polyether carbonate
polyols which not only exhibit a very low dioxanesntent after thermal exposure but are also
suitable for preparing flexible polyurethane foaar polyurethane applications, it is preferable to
use polyether carbonate polyols based on an Hifuradtstarter substance having a functionality
of at least 2.
In addition, the polyether carbonate polyols olabla by the process according to the invention
can be used in applications such as washing aadiolg composition formulations, drilling fluids,
fuel additives, ionic and nonionic surfactants,ricdints, process chemicals for papermaking or
textile manufacture, or cosmetic formulations.
The person skilled in the art is aware that, dependn the respective field of use, the polyether
carbonate polyols to be used have to fulfill certenaterial properties, for example molecular
weight, viscosity, functionality and/or hydroxyl mber.
In a first embodiment the invention accordinglyates to a process for preparing polyether
carbonate polyols,
(i)  wherein one or more alkylene oxide(s) and carbdmxide are added onto one or more H-
functional starter substance(s) in the presen@e dguble metal cyanide catalyst to obtain a

reaction mixture comprising the polyether carboipatigol,
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characterized in that

(i) atleast one component K is added to the olethireaction mixture comprising the polyether
carbonate polyol, wherein component K is selecteohfat least one compound containing a
phosphorus-oxygen bond or a compound of phosphivatscan form one or more P-O
bonds by reaction with OH-functional compounds.

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

wherein the content of volatile constituents in fhayether carbonate polyol from step (i) is

reduced by thermal means at a temperature of 820Q°C prior to step (ii).

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

embodiment, wherein

(i) the content of volatile constituents in theaction mixture from step (ii) is reduced by
thermal means at a temperature of 80°C to 200°C.

In a fourth embodiment the invention relates toracpss according to the third embodiment,

wherein

(iv) at least one component K is added to the r@achixture comprising the polyether carbonate
polyol from step (iii).

In a fifth embodiment the invention relates to @gass according to the fourth embodiment,

wherein in step (iv) component K is added in an amaf from 20 ppm to 1000 ppm.

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

5, wherein in step (i) component K is added iraamount of from 20 ppm to 1000 ppm.

In a seventh embodiment the invention relatespgmaess according to any of embodiments 1 to 6,

wherein component K is selected from at least ommpound from the group consisting of

phosphoric acid, phosphonic acid, phosphorous aphihsphinic acid, phosphonous acid,

phosphinous acid, phosphine oxides, salts of pragphcid, esters of phosphoric acid, halides of

phosphoric acid, amides of phosphoric acid, phasighacid, phosphorous acid, phosphinic acid,

phosphonous acid, and phosphinous acid, phospNrusqlfide, phosphorus tribromide,

phosphorus trichloride and phosphorus triiodide.

In an eighth embodiment the invention relates poagess according to any of embodiments 1 to 6,

wherein component K is selected from at least amepound of the group consisting of phosphoric

acid, mono-, di- or trialkyl esters of phosphoratch mono-, di- or triaryl esters of phosphoricdaci

mono-, di- or trialkaryl esters of phosphoric adidH,),HPO,, phosphonic acid, mono or dialkyl

esters of phosphonic acid, mono- or diaryl estégghosphonic acid, mono-, or dialkaryl esters of

phosphonic acid, phosphorous acid, mono-, di-ialkil esters of phosphorous acid, mono-, di- or

triaryl esters of phosphorous acid, mono-, di-r@lkaryl esters of phosphorous acid, phosphinic

acid, phosphonous acid, and phosphinous acid.

In a ninth embodiment the invention relates to @ess according to any of embodiments 1 to 6,

wherein component K is selected from at least ommpound from the group consisting of

phosphoric acid, dibutyl phosphate, triethyl ph@phphosphonic acid and (NWeHPO, .
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In a tenth embodiment, the invention relates tocegss according to any of embodiments 1 to 9,

wherein the polyether carbonate polyol accordinfptmula (la) has an e/f ratio of 2: 1 to 1: 20.

R 0
|
Starter /|ZO\)\O /ﬁ{ 0] o 2
e R f

In an eleventh embodiment the invention relates fprocess for preparing polyethercarbonate

polyols,

(i)  wherein one or more alkylene oxide(s) and carbdmxide are added onto one or more H-
functional starter substance(s) in the presenca ofetal complex catalyst based on the
metals zinc and/or cobalt to obtain a reaction umextcomprising the polyether carbonate
polyol,
characterized in that

(i) atleast one component K is added to the akthireaction mixture comprising the polyether
carbonate polyol, wherein component K is selecteohfat least one compound containing a
phosphorus-oxygen bond or a compound of phosphivatscan form one or more P-O
bonds by reaction with OH-functional compounds.

In a twelfth embodiment the invention relates tmiature comprising polyether carbonate polyol

and component K, wherein component K is selectethfat least one compound containing a

phosphorus-oxygen bond or a compound of phosphtbatscan form one or more P-O bonds by

reaction with OH-functional compounds.

In a thirteenth embodiment the invention relatea toixture according to the twelfth embodiment,

wherein the mixture comprises polyether carbonatgob and component K in a weight ratio of

200 000: 1 to 1000: 1.

In a fourteenth embodiment the invention relates toixture according to the twelfth embodiment,

wherein the mixture comprises polyether carbonatgob and component K in a weight ratio of

50 000: 1 to 1000: 1.

In a fifteenth embodiment the invention relates tmixture according to any of embodiments 12 to

14, wherein component K is selected from at least oompound of the group consisting of

phosphoric acid, mono-, di- or trialkyl esters d¢fopphoric acid, mono-, di- or triaryl esters of

phosphoric acid, mono-, di- or trialkaryl esterspbbsphoric acid, (NP,HPQ,, phosphonic acid,
mono or dialkyl esters of phosphonic acid, monodiaryl esters of phosphonic acid, mono-, or
dialkaryl esters of phosphonic acid, phosphoroid, @ono-, di- or trialkyl esters of phosphorous
acid, mono-, di- or triaryl esters of phosphorocislamono-, di- or trialkaryl esters of phosphorous
acid, phosphinic acid, phosphonous acid and phospkiacid.

In a sixteenth embodiment the invention relatea toixture according to any of embodiments 12

to 14, wherein component K is selected from attleas compound from the group consisting of

phosphoric acid, dibutyl phosphate, triethyl ph@phphosphonic acid and (WEHPO,.
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In a seventeenth embodiment the invention relates process for preparing polyether carbonate
polyols by addition of one or more alkylene oxidesd carbon dioxide onto one or more H-
functional starter substances in the presence t#agt one metal complex catalyst based on the
metals zinc and/or cobalt, wherein
()  one or more alkylene oxide(s) and carbon diexade added onto one or more H-functional
starter substance(s) in the presence of a douliial myanide catalyst to obtain a reaction
mixture comprising the polyether carbonate polyol,
characterized in that
(i) atleast one component K is added to the olehireaction mixture comprising the polyether
carbonate polyol, wherein component K is selecteohfat least one compound containing a
phosphorus-oxygen bond or a compound of phosphivatscan form one or more P-O

bonds by reaction with OH-functional compounds.

Examples:
Methods:

OH number:
The OH numbers (hydroxyl numbers) were determinesitcordance with DIN 53240.

Viscosity:
Viscosities were determined by rotational viscoméeton Paar Physica MCR 51) at a shear rate
of 5 ' in accordance with DIN 53018.

GPC:

The number-average molecular weight &hd the weight-average molecular weight, Mnd also
the polydispersity (M/M,), of the products was determined by means of gaimpation
chromatography (GPC). The procedure of DIN 5567%4as followed: "Gel permeation
chromatography, Part 1 - Tetrahydrofuran as elu@ECurity GPC System from PSS Polymer
Service, flow rate 1.0 ml/min; columns: 2xPSS Sihéar M, 8x300 mm, 5 um; RID detector).

Polystyrene samples of known molar mass were usezhfibration.

CO, content in the polyether carbonate polyol:

The fraction of incorporated GOn the resulting polyether carbonate polyol and thtio of
propylene carbonate to polyether carbonate polyskwletermined biH-NMR (Bruker DPX 400,
400 MHz; pulse programme zg30, d1 relaxation del@g, 64 scans). Each sample was dissolved
in deuterated chloroform. The relevant resonantéisé'H-NMR (based on TMS = 0 ppm) are as
follows:

Cyclic carbonate (which was formed as a by-prodbetjing a resonance at 4.5 ppm, carbonate

resulting from carbon dioxide incorporated in tladypther carbonate polyol having resonances at
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5.1 to 4.8 ppm, unreacted PO having a resonanc4appm, polyether polyol (i.e. without
incorporated carbon dioxide) having resonances2atal1.0 ppm, the 1,8-octanediol incorporated

as starter molecule (if present) having a resonanie5 to 1.52 ppm.

The mole fraction of the carbonate incorporatethenpolymer in the reaction mixture is calculated

as per formula (VII1) as follows, the following atalviations being used:

A(4.5) = area of the resonance at 4.5 ppm for cyedrbonate (corresponds to a hydrogen atom)

A(5.1-4.8) = area of the resonance at 5.1-4.8 ppnpblyether carbonate polyol and a hydrogen
atom for cyclic carbonate

A(2.4) = area of the resonance at 2.4 ppm for ueegacted PO

A(1.2-1.0) = area of the resonance at 1.2-1.0 pprpdlyether polyol

A(1.6-1.52) = area of the resonance at 1.6 to g for 1,8-octanediol (starter), if present.

Taking into account the relative intensities théuga for the polymer-bound carbonate ("linear
carbonate" LC) in the reaction mixture were core@rinto mol% as per the following formula
(vh.

o A(G1-48)— A(45)
A(5,1-4.8) +A(2,4) + 0,33 % A(1,2-1,0) + 025 *A(1,6 - 1,52)

* 100 (VI

The weight fraction (in % by weight) of polymer-bwlicarbonate (LC') in the reaction mixture

was calculated as per formula (IX),

[A(5.1-48)-A(4.5)] %102
D

LC'= *100%

(1X)
where the value of D ("denominator" D) is calcutbées per formula (X):

D =[A(5,1- 4.8) ~A(4,5)]#102+A(4,5)%102 +A(2,4) * 58+ 033 *A(1,2-1,0)#58 +0.25 *A(1,6—1,52) # 146 (X)

The factor 102 results from the sum of the molassea of C® (molar mass 44 g/mol) and of
propylene oxide (molar mass 58 g/mol), the factds&results from the molar mass of propylene
oxide and the factor of 146 results from the motass of the 1,8-octandediol starter used (if

present).

The weight fraction (in % by weight) of cyclic carmte (CC') in the reaction mixture was

calculated as per formula (XI):
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_A@45)*102

cc *100%

(X1)

where the value of D is calculated as per formM)a (

In order to calculate the composition based orptiigmer fraction (consisting of polyether polyol
which has been formed from starter and propylerideoguring the activation steps which take
place under C@free conditions, and polyether carbonate polyoiked from starter, propylene
oxide and carbon dioxide during the activation stefich take place in the presence of,@@d
during the copolymerization) from the values foe@ domposition of the reaction mixture, the non-
polymeric constituents of the reaction mixture.(€gclic propylene carbonate and any unconverted
propylene oxide present) were mathematically elatdd. The weight fraction of the repeat
carbonate units in the polyether carbonate polyat wonverted to a weight fraction of carbon
dioxide using the factor F = 44/(44+58). The vdioethe CQ content in the polyether carbonate
polyol is normalized to the fraction of the polyethcarbonate polyol molecule formed in the
copolymerization and any activation steps in thespnce of Cg(i.e. the fraction of the polyether
carbonate polyol molecule resulting from the staftetane-1,8-diol, if present) and from the
reaction of the starter with epoxide added undep-ft&€2 conditions was not taken into account
here).

In each case the G@ontent, the hydroxyl number and the employedestavere used to calculate

the e/f ratio (see formula (Ia)) for the respecpedyether carbonate polyol.

DMD content:
The qualitative and quantitative determinationtté timethyldioxanes (DMD hereinbelow) from

polyether carbonate polyols was performed by hesmsGC/MS.

Instruments employed:

Gas chromatograph:
Manufacturer: Thermo Scientific
Model: Trace GC Ultra

Serial number: 6201252621

Mass spectrometer:

Manufacturer: Thermo Scientific
Model: ISQ Single Quadrupole MS
Serial number: 1ISQ121046

Headspace sampler:

Manufacturer: Perkin Elmer
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Model: Turbo Matrix 40 Trap
Serial number: M41L0505273

1. Method

The samples were stored tightly sealed, in a efaigpr at 5°C until immediately prior to weighing.
About 10 to 15 mg of the particular sample weragfarred into a volumetrically accurate 22 ml
headspace sample vial and accurately weighed t8 t@ (nominally £ 0.1 mg). The sample vial
was carefully sealed and brought to 150°C for 1Butgs in the headspace inlet system (Perkin
Elmer TurboMatrix 40 Trap Headspace Sampler). Thjection needle was then introduced to
achieve pressure buildup and the pressure was lireo236 kPa over 2 minutes. The injection
needle was finally introduced fully and sample wgsected from the headspace into the transfer
line 1 (between headspace sampler and gas chrorapbjgfor 0.08 minutes (4.8 sec). Needle
temperature: 153°C; temperature of the transfer1in157°C.

GC parameters: injector temperature 210°C, injgatessure 210 kPa, GC injector split 10 ml/min,
additional split downstream of the GC injector ontwo Restek Rxi-5Sil MS columns
(dimethylsiloxane with 5% phenyl fraction), eachving a length of about 20 m, an internal
diameter of 0.15 mm and a film thickness of 2 premperature program: 2 min at 45°C , from
45°C to 150°C at 12°C / min, from 150°C to 310°C4&°C / min, 15 min at 310°C. GC
instrument: Thermo Trace GC Ultra.

Detection column 1: FID, 280°C, hydrogen 37 ml Apair 320 ml / min. Makeup gas helium 15
ml / min.

Detection column 2: 70 eV EI-MS with Thermo ISQnfeerature of the transfer line 2 (between
the end of column 2 and the MS ion source) 2708@ siource temperature 250°C, mass range 20
to 420 Dalton (z = 1), scan duration 0.4 sec.

2. Assignment

Assignment was carried out based on the 70 eV EBlsrspectra. Four isomers appear in the RT
range 8 to 10 min. The spectra for these isomerbarely distinguishable: Molecular ion m/z 116,
base peak m/z 42, logical neutral loss of 15 mags to m/z 101 (M - CH3).

3. Quantitative determination

The quantitative determinations were based upoermat calibration with a distillate comprising
about 70% by weight of dimethyldioxanes. The alisollimethyldioxane content in the distillate
was determined by quantitative 1H-NMR (Q-NMR). Ered calibration was performed as a factor
method with determination in duplicate. FID areaids were determined as sum values for 4
isomers. The absolute dimethyldioxane mass wasrdigted using the factor and the concentration
in the particular sample was determined via thecexample weight. Determinations were
generally carried out in duplicate. As a safegudnd, factor was frequently checked via repeat

measurements.
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Chemicals:
Each of the phosphorus additives employed in tlangkes (component K) was purchased from

Sigma-Aldrich Chemie GmbH, Munich, Germany.

Preparation of polyether carbonate polyol A

A nitrogen-purged 60 L pressure reactor comprigsingas metering means was initially charged
with a suspension of 16.0 g of dried DMC catalysepared as per example 6 of WO 01/80994
Al) and 4700 g of cyclic propylene carbonate (cPi®e reactor was heated to about 100° C and
inertized with N at reduced pressure (100 mbar) for 1 h. The reats then pressurized to 74 bar
with CO,. 500 g of propylene oxide (PO) were rapidly medeiro the reactor at 110°C with
stirring (316 rpm). The start of the reaction wamalled by a temperature spike ("hotspot") and a
pressure drop. After activation the reactor wasulisneously charged with the remaining
propylene oxide (32.04 kg) at 8.7 kg/h and 1.18®fkthe starter glycerol (spiked with 180 ppm of
85% HPO,) at 0.4 kg/h. The reaction temperature was simattasly lowered to 105°C. The
progress of the reaction was monitored via,G©nsumption while continuously controlled
topping-up maintained the pressure in the readttneaabovementioned value (74 bar). Once PO
addition was complete the mixture was stirred @& Bdm at 105°C until no further reduction in

pressure was observed. The resulting product wédedi into two batches.

Batch 1:

For the first batch the thermal reduction in thateat of volatile constituents was carried out gsin
a thin film evaporator (T = 140°C, p < 3 mbar, 4pfn). The resulting polyether carbonate polyol
Al was analyzed and the following results were iobth

Polyether carbonate polyol Al:

OH number = 55.8 mg KOH/g

Viscosity (25°C) = 19650 mPas

CO, content = 20.0%

Polydispersity (M/M,) = 1.12

DMD content = 360 ppm

effratio=1/1.91

Batch 2:

For the second batch the thermal reduction in tmeent of volatile constituents was carried out by
thin-filming twice over a thin film evaporator (T ¥0°C, p < 3 mbar, 400 rpm). The resulting
polyether carbonate polyol A2 was analyzed anddhewing results were obtained.

Polyether carbonate polyol A2

OH number = 55.2 mg KOH/g

Viscosity (25°C) = 17400 mPas
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CO, content = 20.0%
Polydispersity (M/M,) = 1.12
DMD content = 140 ppm
effratio=1/1.92

Storage tests with polyether carbonate polyol Al:

Comparative Example 1:

100 g of the polyether carbonate polyol Al wereestan a sealed screwtop vial for 24 h at 180°C.
The DMD content of the stored polyether carbonatggd A1 was then determined.

Examples 2 to 4
100 g of the employed polyether carbonate polyolwere mixed with the type and amount of
component K reported in table 1 and stored in edescrewtop vial for 24 hours at 180° C. The

DMD content of the stored polyether carbonate poles then determined in each case.

Table 1: Storage tests with polyether carbonategb@1:

Example Component K Storage Storage | DMD content
temperaturg time [h] [PpmM]
[°C]
1 (comp.) 180 24 3256
2 125 ppm of phosphoric acid 180 24 212
3 270 ppm of dibutyl phosphate 180 24 319
4 500 ppm of triethyl phosphate 180 24 180
4a 5000 ppm of triethyl phosphate 180 24 322

comp = comparative example

The tests summarized in table 1 were carried artisty with polyether carbonate polyol Al
having a DMD content of 360 ppm. The results indgdbshow that the polyether carbonate polyol
Al comprising component K surprisingly has a low2MD content after thermal storage
(examples 2 to 4) and that the DMD content in tlodygther carbonate polyol A1l markedly

increases after thermal storage without componeebihparative example 1).

Storage tests with polyether carbonate polyol A2:

Comparative Example 5:

100 g of the polyether carbonate polyol A2 weregextdn a sealed screwtop vial for 28 days at

80°C. The DMD content of the stored polyether cadte polyol A2 was then determined.

Examples 6 and 7
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100 g of the employed polyether carbonate polyolw&te mixed with the type and amount of
component K reported in table 2 and stored in dedescrewtop vial for 28 days at 80° C. The

DMD content of the stored polyether carbonate dolas then determined in each case.

Table 2: Storage tests with polyether carbonategb@l2:

Storage Storage | pMmD content
Example Additive temperature time [ppm]
[°C] [days]
5 (comp.) 80 28 440
6 125 ppm of phosphoric acid 80 28 74
7 270 ppm of dibutyl phosphate 80 28 72

comp = comparative example

The tests summarized in table 2 were carried autisgy with polyether carbonate polyol A2
having a DMD content of 140 ppm. The results inggbshow that the polyether carbonate polyol
A2 comprising component K surprisingly has a low2MD content after thermal storage
(examples 6 and 7) and that the DMD content ingblyether carbonate polyol A2 markedly

increases after thermal storage without componeebihparative example 5).

Preparation of polyether carbonate polyol B

A nitrogen-purged 60 L pressure reactor comprigingas metering means was initially charged
with a suspension of 14.9 g of dried DMC catalysepared as per example 6 of WO 01/80994
Al) and 4700 g of cyclic propylene carbonate (cPi®e reactor was heated to about 100° C and
inertized with N at reduced pressure (100 mbar) for 1 h. The reagts then pressurized to 74 bar
with CO,. 500 g of propylene oxide (PO) were rapidly medeir@o the reactor at 110°C with
stirring (316 rpm). The start of the reaction wimalled by a temperature spike ("Hotspot") and a
pressure drop. After activation the reactor wasuliBneously charged with the remaining
propylene oxide (33.58 kg) at 8.2 kg/h and 1.1 kg mixture of the starter glycerol (spiked with
180 ppm of 85% kPQy) and monopropylene glycol (weight ratio 85/15p&9 kg/h. The reaction
temperature was simultaneously lowered to 105°@. ffflogress of the reaction was monitored via
CGO, consumption while continuously controlled toppimg-maintained the pressure in the reactor
at the abovementioned value (74 bar). Once POiadditas complete the mixture was stirred at
316 rpm at 105°C until no further reduction in g@®e was observed. The resulting polyether
carbonate polyol B was analyzed and the followeguit was obtained.

DMD content = 610 ppm

CO, content = 20.4%

effratio=1/1.86



10

15

20

25

30

BMS131 030 WO-NAT - 36 - WO 2015/014732

In the following examples (comparative example 8 aramples 9 and 10) the thermal reduction
in the content of volatile constituents was caroet by means of a short path evaporator.

This short path evaporator was designed such tieapolyether carbonate polyol B was passed
from above at a temperature of 80° C onto a vérticaporator surface. The evaporator surface is a
pipe having a centrally disposed mechanical stisggwtem. This stirrer system having movable
stirrer blades which brush along the heating am®ted a thin film of the polyether carbonate
polyol B. The volatile constituents thus evapomt{from the polyether carbonate polyol B) were
condensed on an internal condenser. The necessappration energy was supplied to the thin
film via an external jacket.

To this end, the short path evaporator was heatiéd an oil bath set to the temperature T1
indicated in table 3. The short path evaporator d&eating area of 0.125nThe temperature of
the cooling spiral in the inner region of the evapor and of the condenser upstream of the two
cold traps was maintained at -10°C using a Kryofhe stirrer speed was 250 rpm. A vacuum of
Pabs=0.08 mbar, measured downstream of the two lardg traps (filled with a dry ice/acetone
mixture), was achieved (Trivac rotary-vane oil pgmp

In each case the flow rate through the short pa#tp@rator was 300 g of employed polyether

carbonate polyol B per hour.

Comparative example 8: Preparation of polyethdoaraaite polyol B-1

300 g of polyether carbonate polyol B were subpedte thermal aftertreatment by short path
evaporator as per the description hereinabove. DRE content of the resulting polyether

carbonate polyol B-1 was determined, see table 3.

Example 9: Preparation of polyether carbonate pdy?

300 g of polyether carbonate polyol B were mixe@ &-c at 2300 rpm) with 125 ppm of
phosphoric acid (in the form of a 40% aqueous soilit The resulting mixture was then subjected
to thermal aftertreatment by short path evaporastoper the description hereinabove. The DMD

content of the resulting polyether carbonate poB@ was determined, see table 3.

Example 10: Preparation of polyether carbonateqddy3

300 g of polyether carbonate polyol B were mixed ¢8c at 2300 rpm) with 210 ppm of dibutyl
phosphate. The resulting mixture was then subjettethermal aftertreatment by short path
evaporator as per the description hereinabove. DN content of the resulting polyether

carbonate polyol B-3 was determined, see table 3.
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Table 3: Thermal reduction in the content of védationstituents using a short path evaporator

Example Polyether Temperature Component K DMD content
carbonate T1 [ppm]
polyol [°C]
8 (comp.) B-1 140 250
9 B-2 140 125 ppm of phosphoric acid <10
10 B-3 140 210 ppm of dibutyl <10
phosphate

comp = comparative example

Table 3 shows that starting from untreated polyethebonate polyol B mere thermal reduction in
the content of volatile constituents using a shpath evaporator only results in a reduction in the
DMD content from 610 to 250 ppm (comparative exa®). However, addition of 125 ppm of

phosphoric acid or 210 ppm of dibutyl phosphaterptd the thermal aftertreatment using a short

path evaporator results in DMD values below thetlwh detection which is 10 ppm (examples 9

and 10).

In each of the examples which follow (example ldn{parative) and examples 12-24) 300 g of
polyether carbonate polyol B were mixed with vas@momponents K in different amounts (90 sec
at 2300 rpm). The resulting mixture was then subpeto thermal aftertreatment using a short path
evaporator as per the description hereinabove,téh®erature T1 indicated in table 4 being

established. The DMD content of the resulting pthlge carbonate polyols was determined, see

table 4.
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Table 4: Thermal reduction in the content of vddatconstituents using a short path
evaporator
Example Component K Tempt:rature T c?)mgnt
el [ppm]

" Olr}]p.) 160°C 280
12 5 ppm of phosphoric acid 160°C 114
13 20 ppm of phosphoric acid 160°C <10
14 35 ppm of phosphoric acid 160°C <10
15 50 ppm of phosphoric acid 160°C <10
16 100 ppm of phosphoric acid 160°C <10
17 10 ppm of dibutyl phosphate 160°C 26
18 100 ppm of dibutyl phosphate 160°C <10
19 200 ppm of dibutyl phosphate 160°C <10
20 400 ppm of dibutyl phosphate 160°C <10
21 200 ppm of triethyl phosphate 160°C 12
22 100 ppm triethyl phosphite 160°C 34
23 100 ppm KPO;, 160°C <10
24 200 ppm (NB),HPO, 160°C 14

comp = comparative example

Table 4 shows that thermal treatment of the pobrettarbonate polyol B using a short path
evaporator (T1 = 160°C) without addition of a comeit K only results in a reduction in the DMD
content from 610 to 280 ppm (comparative examplgé However, addition of 5 ppm of
phosphoric acid (example 12) or 10 ppm of dibutybgphate (example 17) results in a marked
reduction to 114 or 26 ppm of DMD respectively. WH&0 ppm of phosphoric acid are added
(example 13) the DMD content is below the limit détection (<10 ppm). Examples 21 to 24
illustrate the effectiveness of further inventiaponents K.

Example 25 (comp): Reaction of polyether carbopatgol B with chlorodiphenylphosphine with

amounts of phosphorus compound as per examplé&JSa& 4 145 525

The stoichiometric half of the hydroxyl end growgighe polyether carbonate polyol were reacted
with chlorodiphenylphosphine. This was carried asiper example 2 of US-A 4 145 525.

100 g of the polyether carbonate polyol from corapiae example 25 were stored in a sealed
screwtop vial for 24 h at 180°C. The DMD contenttloé stored polyether carbonate polyol was
then determined.

DMD content after storage: 1556 ppm.

Preparation of flexible polyurethane foams
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In the manner of processing by the one-stage pspedsich is customary for the preparation of

polyurethane foams, the feedstocks listed in treargles in table 5 below were reacted with one

another.

Apparent density was determined to DIN EN ISO 33888.

Indentation hardness was determined to DIN EN IS863L-98 (at 40% deformation and 4th

cycle).

Tensile strength and elongation at break were hitbed to DIN EN ISO 1798.

The compression set at 50% deformation (CS 50%)tlamadompression set at 90% deformation

(CS 90%) were determined to DIN EN ISO 1856.

ClL: trifunctional polyether polyol having an OH nben of 48 mg KOH/g, produced by
the DMC-catalyzed alkoxylation of glycerol with aixture of propylene oxide and

ethylene oxide in a weight fraction of 89/11, abdwat 8 mol% of primary OH groups.

C2 Tegostab B 2370, a preparation of organo-modified polysioes from Evonik
Goldschmidt

C3 Addocat 108, amine catalyst from Rheinchemie

C4 Addocat SO, tin catalyst from Rheinchemie

TDI-1: Mixture comprising 80% by weight of 2,4-tglene diisocyanate and 20% by weight

of 2,6-toluylene diisocyanate having an NCO contért8.3% by weight.

As is apparent from table 5, the polyol componentsprising a polyether carbonate polyol as per
examples 4, 16, 18, 21, 22, 23, 24 were readilggseed into flexible polyurethane foams to afford
flexible polyurethane foams on the whole havingoadyproperty profile.

Table 5 notes:

*) 24 h storage at 180°C, as reported in the relegaample.

#) after short path evaporator, as reported inglevant example.

comp. denotes comparative example
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Claims

1. A process for preparing polyether carbonateqgis)y

(iv) wherein one or more alkylene oxide(s) and oarHioxide are added onto one or more
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H-functional starter substance(s) in the preseffiGednuble metal cyanide catalyst to
obtain a reaction mixture comprising the polyettaenbonate polyol,

characterized in that

(V) at least one component K is added to the obthireaction mixture comprising the

polyether carbonate polyol, wherein component Ksétected from at least one
compound containing a phosphorus-oxygen bond avnapound of phosphorus that

can form one or more P-O bonds by reaction withfGhttional compounds.
The process as claimed in claim 1, wherein dbetent of volatile constituents in the
polyether carbonate polyol from step (i) is redubgdthermal means at a temperature of

80°C to 200°C prior to step (ii).

The process as claimed in either of claimsdilzrwherein

(vi) the content of volatile constituents in thaetdon mixture from step (ii) is reduced by

thermal means at a temperature of 80°C to 200°C.

The process as claimed in claim 3, wherein
(iv) at least one component K is added to the r@aatixture comprising the polyether

carbonate polyol from step (iii).

The process as claimed in claim 4, whereirtép ¢iv) component K is added in an amount

of from 20 ppm to 1000 ppm.

The process as claimed in any of claims 1 tetrein in step (i) component K is added in

an amount of from 20 ppm to 1000 ppm.

The process as claimed in any of claims 1 tal&rein component K is selected from at
least one compound from the group consisting ofsphoric acid, phosphonic acid,
phosphorous acid, phosphinic acid, phosphonous leasphinous acid, phosphine oxides
and salts, esters, halides and amides of phospacid, phosphonic acid, phosphorous acid,
phosphinic acid, phosphonous acid, phosphinous atidsphorus(V) sulfide, phosphorus
tribromide, phosphorus trichloride and phosphoriisdide.
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8.

10.

11.

The process as claimed in any of claims 1 tal&rein component K is selected from at
least one compound from the group consisting of
phosphoric acid,

mono-, di- or trialkyl esters of phosphoric acid,
mono-, di- or triaryl esters of phosphoric acid,
mono-, di- or trialkaryl esters of phosphoric acid,
(NH4) HPG,,

phosphonic acid,

mono- or dialkyl esters of phosphonic acid,
mono- or diaryl esters of phosphonic acid,

mono- or dialkaryl esters of phosphonic acid,
phosphorous acid,

mono-, di- or trialkyl esters of phosphorous acid,
mono-, di- or triaryl esters of phosphorous acid,
mono-, di- or trialkaryl esters of phosphorous acid
phosphinic acid,

phosphonous acid,

phosphinous acid.

The process as claimed in any of claims 1 tal&rein component K is selected from at
least one compound from the group consisting oéphoric acid, dibutyl phosphate, triethyl

phosphate, phosphonic acid and g§HPOy.

The process as claimed in any of claims 1 tatgerein the polyether carbonate polyol

according to formula (la) has an e/f ratio of 201L: 20.

R 0
|
Starter /|ZO\)\O /ﬁ{ 0] o 2
e R f

A process for preparing polyether carbonatgqgis)

(i)  wherein one or more alkylene oxide(s) andbear dioxide are added onto one or more
H-functional starter substance(s) in the presefiGgernetal complex catalyst based on
the metals zinc and/or cobalt to obtain a reactiorture comprising the polyether
carbonate polyol,

characterized in that

(iv) at least one component K is added to the abthireaction mixture comprising the

polyether carbonate polyol, wherein component Ksédected from at least one
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12.

13.

14.

15.

16.

compound containing a phosphorus-oxygen bond avnapound of phosphorus that

can form one or more P-O bonds by reaction withfGhttional compounds.

A mixture comprising polyether carbonate polgtd component K, wherein component K
is selected from at least one compound containiplgogsphorus-oxygen bond or a compound
of phosphorus that can form one or more P-O bondgelaction with OH-functional

compounds.

The mixture as claimed in claim 12, wherein thizxture comprises polyether carbonate

polyol and component K in a weight ratio of 200 00®@o 1000: 1.

The mixture as claimed in claim 12, wherein thigture comprises polyether carbonate

polyol and component K in a weight ratio of 50 00@o 1000: 1.

The mixture as claimed in any of claims 1249 Wherein component K is selected from at
least one compound from the group consisting of
phosphoric acid,

mono-, di- or trialkyl esters of phosphoric acid,
mono-, di- or triaryl esters of phosphoric acid,
mono-, di- or trialkaryl esters of phosphoric acid,
(NH4) HPG,,

phosphonic acid,

mono- or dialkyl esters of phosphonic acid,
mono- or diaryl esters of phosphonic acid,

mono- or dialkaryl esters of phosphonic acid,
phosphorous acid,

mono-, di- or trialkyl esters of phosphorous acid,
mono-, di- or triaryl esters of phosphorous acid,
mono-, di- or trialkaryl esters of phosphorous acid
phosphinic acid,

phosphonous acid,

phosphinous acid.

The mixture as claimed in any of claims 12 4¢Wherein component K is selected from at
least one compound from the group consisting osphoric acid, dibutyl phosphate, triethyl

phosphate, phosphonic acid and (NHPO, .



