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e 1
1627.8 14194 208.4 13 2 16942 1352 3422 20 3 1781.5 1234.6 54%3./()9 31 4

1732.8 129%0920(%?;0113.81 25
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This formation of smalier amounts of by-product alkylene carbonate
has been shown in several patents and publications. The amount of cyclic
carbonate is not given in some of those patents, so it is necessary to make

5 some assum'ptions based on the similarity of catalysts for which data is
reported.

For example, Kuyper et al., in U.S. Pat. No. 4,826,953, disclose the
use of DMC catalysts for the production of polyether polycarbonates using
complexes based on zinc hexacyanocobaltates with glyme as the ligand.

10 In the ‘953 patent, Kuyper et al. did not list the amount of cyclic carbonate
produced, but based on the data from Table 1 of the '953 patent, the
calculated amounts of cyclic carbonate appear 1o range from about 13% to

" about 31% (see tabie below).

15 ' Data Based on Table 1 of U.S. Pat. No. 4,826,953*
Cyclic Cyclic
Run Product Polyol carbonate carbonate (%
1 1627.8 1419.4 208.4 13
2 1694.2 1352 342.2 20
3 1781.5 1234.6 546.9 31
4 1732.8 1297.9 434.9 25
5 1782.9 1260.5 5224 ) 29
6 1772.3 13452 427.1 24
7 1777.3 1317.1 460.2 26

*Assumes that propylene carbonate formed is the difference between
product yield and polyol yield as discussed therein at col. 6, line.62.

The formation of the cyclic carbonateé reduces vyields and may

20 increase process costs due to the loss of raw material and the increased
processing efforts necessary to remove the cyclic alkyt carbonates. As
those skifled in the art are aware, if the cyclic carbonates are aliowed to
remain in the product and the linear carbonate is converted to
polyurethane, the cyclic carbonates act as plasticizers and modify product

25 properties. The catalysts used in the ‘953 patent were based on zinc
hexacyanocobaltate complexed with glyme and these catalysts were used
in conjunction with various salts such as zinc sulfate to increase catalyst
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hexacyancobaltate complexes which are known 1o those skilled in the art

{o have crystalline structures.

15 Data taken from U.S. Patent 4,500,704 (See Table 1)
R - R R e il I - gy
°c} (Hr) - (%) (%) (%)

2 propylene oxide 35 48 71 76 18 6

3 ethylene oxide 30 84 31 B0 40 10
2 | 1-butylens oxide 35 28 38 71 17 12
5 propylene oxide 25 84 65 85 12 3

6 propylene oxide 40 48 64 66 26 8

7 propylene oxide 80 24 55 c 64 36
8 cis-cyclchexene g0 24 30 100 0 ]

oxide .

Hinz et al., in U.S. Pat. No. 6,762,278, teach the use of crystalline
DMC catalysts having platelet-shaped structures which account for more
than 30% of the particles. The improvement of Hinz et al. lies in the
20 resulting polyether bolycarbonates having narrower polydispersities than
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inn,. Rxn. Tenp. (C) Rxn. Time (1*) Conversion Copolyne r (% (70)

g,y:c),l I c carbonate (70) Polyeth er (V 2 propylene oxide 35 48 71 76 18

are obtained with other catalysts even where t-butyl alcohol (TBA) is used
as a catalyst ligand. As can be appreciated by reference 1o the table
below, the comparative catalysts in the '278 patent show polydispersities
greater than 2.37. The polyether polycarbonates of the inventive

5 examples of the Hinz et al. ‘278 patent have polydispersities less than 1.8.
The formation of propylene carbonate is discussed in some of the
examples of the ‘278 patent; however, the amounts are not given.

Data taken from U.S. Pat. No. 6,762,278*

ngﬁﬁ,g?;'_;’e Polydispersity g;‘;%’g ;g: Polydispersity
L 2.99 1 1,63
2 2.53 2 1.69
3 3.85 3 1.73
4 2.37 4 1.62
2 3.36 5 116
7 139
8 1.46
9 1.58

*Data from examples 1-9.
10

S. Chen et al. report the use of several DMC catalysts to prepare
polyether polycarbonates, and they find cyclic carbonate contents ranging
from about 13% to about 17% (Ses, Table 4 of S Chen et. al, J. Polymer,
45(19) 6519-6524, (2004)). The amounts of propylene carbonate agree

15  with the ranges reported in U.S. Pat. Nos. 4,500,704 and 4,826,953.
Although the authors do not report whether the catalysts that they used
had crystalline or amorphous structures, the glyme-modified (1,2-
dimethoxyethane) is generally accepted by those in the art to have a
crystalline structure and all of the catalysts used in Chen's study gave
20 cyclic carbonates in the same range. '
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Data taken from S. Chen et. al *

Complexing agent o arbgﬁggg (%)
1,2 Dimethoxyethane 13.1
2-Methoxy Ethano} 12.5
1-Methoxy-2-Propanol 14.6
THF 16.2
PPG 1000 15.6
{-Butanol 14.2
None 16.5

* Data from Table 3 of S. Chen et al.
See Table 1 of Chen et al. for additional data.

U.S. Pat. No. 6,713,599, issued to Hinz et al., teaches the addition
of a sterically hindered chain transfer agent capable of protonating the
polyol to reduce the amount of high molecular weight tail in a DMC
catalyzed polyol production process. The invention of the Hinz et al. ‘599

10 patent aiso appears to improve the polydispersity.
Data taken from U.S. Pat. No. 6,713,599

Example Polydispersity Additive

1 1.31 TBA

2 1.36 TBA

3 1.41 2,4,6-tri-t-butyl phenol

4 1.39 phenol

5 1.47 catechol

6 1.54 di-t-butylbenzoic acid
Comparative 1 1.73 none
Comparative 2 . 1.9 dipropylene glycol
Comparative 3* 1.12 difluorophenol
Comparative 4* 1.11 water
Comparative 5 2.12 Low Catalyst
Comparative 6 1.59 Poor catalyst

*Run Deactivated

However, a disadvantage of the Hinz et al. ‘599 patent lies in the
necessity of adding a monofunctional initiator. As known to those skilled in
15 the art, monofunctional materials cause deterioration in polymer propetties
when those materials are converted to polyurethanes.
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Accordingly, the present invention relates 1o a polyether carbonate

polyol made by copolymerizing a starter molecule with carbon dioxide, at a
pressure ranging from about 10 psia to about 2,000 psia, and an alkylene
oxide, at a temperature ranging from about 50°C to about 190°C and in the

10  presence of from about 0.001 wt.% to about 0.2 wt.% of a substantially
non-crystalline double metal cyanide (DMC) catalyst, wherein the polyol
has an incorporated carbon dioxide content of from about 1 wt.% to about
40 wt.%, wherein the ratio of cyclic carbonate by-product to total carbonate
is less than about 0.3 and wherein the weight percentages are based on

15  the weight of the polyol. Because of the lowered level of cyclic
carbonates, the inventive polyether carbonate polyols may find use in
producing poiyurethane foams, elastomers, coatings, sealants and
adhesives with improved properties, such as carbon dioxide blowing agent
compatibility and fire resistance.

20 These and other advantages and benefits of the present invention
will be apparent from the Detailed Description of the Invention herein
below.

DETAILED DESCRIPTION OF THE INVENTION
25 The present invention will now be described for purposes of

illustration and not limitation. Except in the operating examples, or where
otherwise indicated, all numbers expressing quantities, percentages, OH
numbers, functionalities and so forth in the specification are to be
understood as being modified in all instances by the term “about.”

30 Equivalent weights and molecular weights given herein in Daltons (Da) are
number average equivalent weights and number average molecular

weights respectively, unless indicated otherwise.
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The present invention provides a polyether carbonate polyol

produced by copolymerizing a starter molecule with carbon dioxide, at a
pressure ranging from 10 psia to 2,000 psia, and an alkylene oxide, at a
temperature ranging from 50°C to 190°C and in the presence of from

5 - 0.001 wt.% to 0.2 wi.% of a substantially non-crystalline double metal
cyanide (DMC) catalyst, wherein the polyol has an incorporated carbon
dioxide content of from 1 wt.% to 40 wt.%, wherein the ratio of cyclic
carbonate by-product to total carbonate is less than 0.3 and wherein the
weight percentages are based on the weight of the polyol.

10 The present invention further provides a process for producing a
polyether carbonate polyol involving copolymerizing a starter molecule
with carbon dioxide, at a pressure ranging from 10 psia to 2,000 psia, and
an alkylene oxide, at a temperature ranging from 50°C to 190°C and in the
presence of from 0.001 wt.% to 0.2 wt.% of a substantially non-crystalline

15 double metal cyanide. (DMC) catalyst, wherein the polyol has an
incorporated carbon dioxide content of from 1 wt.% to 40 wi.%, wherein
the ratio of cyclic carbonate by-product to total carbonate is less than 0.3
and wherein the weight percentages are based on the weight of the polyol.

The present inventors have discovered that using a substantially

20 non-crystalline double metal cyanide catalyst and controlling carbon
dioxide pressure and reaction temperature allows the production of
polyether carbonate polyols having incorporation of carbon dioxide with
very low levels of cyclic carbonate by-products. The polyether carbonate
polyols of the present invention preferably have a carbon dioxide

25  incorporation of from 1 wi.% to 40 wt.%, more preferably from 1 wt.% 10 20
wt.%, based on the weight of the polyol. Thus, the inventive polyether
carbonate polyols may provide enhanced carbon dioxide blowing agent
compatibility and fire resistance in polyurethane foams made with these
polyols.

30 The carbon dioxide pressure in the inventive process ranges from
10 psia to 2,000 psia, more preferably from 40 psia to 150 psia. The
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reaction temperature in the inventive process may vary from 50°C to
180°C, more preferably from 60°C to 140°C.

Preferred double metal cyanide (DMC}) catalysts are those which
exhibit a substantially non-crystalline character (substantially amorphous)
such as disclosed in U.S. Pat. Nos. 5,482,908 and 5,783,518, the entire
contents of which are incorporated herein by reference thereto. These
catalysts show significant improvements over the previously studied
catalysts because the amounts of by-product cyclic carbonates are low.
Thus, there is a clear advantage to using substantially non-crystalline
DMC catalysts for the production of these polycarbonates, because of the
lower amounts of propylene carbonaie produced than the catalysts and
processes in U.S. Pat. Nos. 4,500,704 and 4,826,953.

The catalysts disclosed in U.S. Pat. Nos. 5,482,908 and 5,783,513
differ from other DMC catalysts because these catalysts exhibit a
substantially non-crystalline morphology. In addition, these catalysts are
based on a combination of ligands, such as t-butyl alcohol and a
polydentate ligand (polypropylene oxide polyol). It appears that the
polydispersity of the inventive polycarbonates is related to the amount of
carbon dioxide in the polymer, with the polydispersity increasing with the
amount of carbon dioxide in the polymer.

The DMC catalyst concentration in the inventive process is chosen
to ensure a good control of the polyoxyalkylation reaction under the given
reaction conditions. The catalyst concentration is preferably in the range
from 0.001 wt.% to 0.2 wt.%, more preferably in the range from 0.0024
WL.% to 0.1 wt.%, most preferably in the range from 0.0025 to 0.06 wt.%,
based on the weight of the polyol produced. The substantially non-
crystaliine DMC catalyst may be present in an amount ranging between
any combination of these values, inclusive of the recited values.

Suitable starter or initiator compounds include, but are not limited
to, C1-Cgo monols, ethylene giycol, diethylene glycol, triethylene glycol,
propylene glycol, dipropylene glycol, iripropylene glycol, neopentyl glycol,
1,3 propanediol, 1,4 butanediol, 1,2 butanediol, 1,3 butanediol, 2,3
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15.6 t- ButgBphekdnddioh@yeioberanedimethanol, hydroguinone, resorcinol and
5 the like. Mixtures of monomeric initiators or their oxyalkylated oligomers
may also be utilized. Preferred initiator compounds are the oxyalkylated
oligomers of ethylene glycol, propylene glycol, glycerin or
trimethyloipropane.

The starter in the instant invention may be charged to the reactor

10  prior to the addition of alkylene oxide, or added continuously during the
oxyalkylation in the continuous addition of starter process as described in
US Pat. No. 5,777,177, the entire contents of which are incorporated
herein by reference thereto.

Alkylene oxides useful in the present invention include, but are not

15 limited to, ethylene oxide, propylene oxide, 1,2~ and 2,3-butylene oxide,
isobutylene oxide, epichlorohydrin, cyclohexene oxide, styrene oxide, and
the higher alkylene oxides such as the Cs-Cag a-alkylene oxides.
Propylene oxide alone or mixtures of propylene oxide with ethylene oxide,
most preferably at a ratio of 90:10, are particuiarly preferred for use in the

20 present invention. Other alkylene oxides mixed with propylene oxide may
also prove useful in the inventive processes.

Other polymerizable monomers may be used as well, e.g.
polycarboxylic anhydrides (phthalic anhydride, trimellitic anhydride,
pyromellitic anhydride, methylendomethylene tetrahydrophthalic

25 anhydride, endomethylene tetrahydrophthalic anhydride, chlorendic
anhydride and maleic anhydride) lactones and other monomers as
disclosed in U.S. Pat. Nos. 3,404,109; 5,145,883; and 3,538,043.

The inventive polyether carbonate polyois may be reacted with one
or more polyisocyanates to produce polyurethane foams, elastomers,

30 coatings, sealants and adhesives, as known to those skilled in the art.
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Exa . . L
SR T b phetol a1 35 phan SKATRLES! S0 TR0 861
di - t - but yl benzoiTheapiegent invention is further illustrated, but is not to be lmited,
by the following examples. In the examples below, polyether carbonate
polyols were typically made as follows: a glycerine-initiated
5 polyoxypropylated triol of nominal 700 Da molecular weight (350 g} and
the amount of substantially non-crystalline DMC catalyst, made according
to U.S. Pat. No. 5,482,908 listed below in the tables were charged to a '
polyol reactor. The mixture was heated to 130°C and vacuum stripped
with nitrogen for 20 minutes. Immediately before the reaction started, the
10 pressure was reduced to 0.1 psiaand 53 g of propylene oxide (PO) was
added to activate the catalyst. After the pressure reached one-half of the
initial pressure, the reactor temperature was set as given below in the
tables (90 to 150°C) and carbon dioxide was fed into the reactor using a
pressure regulator. Propylene oxide (1098 g) was fed over the time givén
15  below in the tabtes. Atthe end of the PO feed, the reaction mixture was
allowed to “cookout” for 20 minutes. The reaction product was drained

from the reactor following nitrogen purge and vacuum

Examples Cl1to 6

20 As can be appreciated by reference to Table | below, the viscosity
values for the 3,000 Da triols are comparable with the all PO triol made in
example C1. However, where significant amounts of CO; are added to the
polyol, the viscosity tends to be increases. Because CO: can reduce the
activity of the DMC catalysts, more catalyst is needed to maintain the

25 same activity.

Examples 7 to 19
Table Il below demonstrates the effects of temperature, catalyst
amount and carbon dioxide pressure on carbon dioxide incorporation into
30 polyethers.
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Therefore, a need continues to exist in the art for polyether
carbonate polyols containing a | ower |evel of cyclic carbonate

by- productg th I.s.achi evabl e by the nmethods currently in_1he
art . BSUMKRYIBAARE" \VENTI ON , Accordingly, theP@@iX@%*{ﬂqm
invention relates to a pol yether car b¥nat e pol yol nade by
copolynerizing a starter nolecule with carbon dioxide, at a pressure
rangi ng fromabout 10 psia to about 2,000 psia, and an al kyl ene

oxi de, at a tenperature ranging from about 50C to about 190C and in
the 10 presence of from about 0.001 wt.%to about 0.2 wt.% of a

subst ant i algy ARy 86 @bl | ne doubl e netal cyanide (DMC) catal yst,
m‘@‘l"o h

wherein th asS an i.ncorporated carbo i ent of from
about 1 wt.%to EMbETedP!RXHg WﬂSPHBW%?d%’?%wegryc%?}% car bonat e
by- product d gnihatidkd GRTaBRANDdIGw] Sisptisiaglyatheuamoust efeyolifer ei n t he
wei ght percentages are based on 15 the weight, 0 Because
of the BowsgasEon@edEmFNS IR¥ ?EB%QEB@HA'?EET %tvhlg. clgfr%i\i/qleé%{ ?gt%po Tet her

carbonat e pAk¥QJoratieyinté fitk peigol. n produci ng pol yur et hane f oans,
el astoners, coatings, sealants and adhesives with inproved

properties, such as carbon di oxi de bl owi ng agent conpatibility and
fire resistppampledBBasec2@d ot her advantages and benefits of the

present inventiog w e iled i paib@n of
the Invention he?B?ﬁéﬁgFBW%%ﬁ%%@%%@%% ¥5§’%IQKI\IIIVEEEI\IPF?O\I
25The preesegiveane amamtsbt tyaliowaseonriedpirned usvg threBderr
illustration and, nof | imtatd j &l feldes, or
where ot her W@ﬁtﬁdkéﬁpg’ksa%ﬁ%’%nﬁ%g?’? sedﬁééfg?ﬁ’?hﬁéanfﬁﬁ%

per cent ages acEhtdngrzeysS. Ratnbioi 54@2,90%8nd fragple (ghme)sed a

speci fication ar n ' id Eadiyshnddifisdaitances
by the ter Wwfg%lﬁ?éga% qﬁémﬁgs\ﬁpgﬁpgg%m%l ecuyl ar wei ghts

gi ven herei mBmabdicholiza¢iBa) are nunber average equi val ent wei ghts
and nu gr average nol ecul ar wei ghts respectively, unless indicated
ot herw se. WD 2008/ 013731PCT/ US2007/ 016355 7 The present invention
provi des a pol yet her carbonate polyol produced by copolynerizing a
starter nolecule with carbon dioxide, at a pressure ranging from 10
psia to 2,000 psia, and an al kyl ene oxi de, at a tenperature ranging
from50C to 190C and in the presence of from5 0.001 wt.%to 0.2 w.%
of a substantially non-crystalline double netal cyanide (DMC)

catal yst, wherein the polyol has an incorporated carbon dioxide
content of from1l wt.%to 40 w.% wherein the ratio of cyclic
carbonate by-product to total carbonate is |less than 0.3 and wherein
t he wei ght percentages are based on the wei ght of the polyol. 10The
present invention further provides a process for producing a

pol yet her carbonate pol yol involving copolynerizing a starter

nol ecul e with carbon dioxide, at a pressure ranging from 10 psia to
2,000 psia, and an al kyl ene oxide, at a tenperature ranging from 50C
to 190C and in the presence of from0.001 w.%to 0.2 w.%of a
substantially non-crystalline 15 double nmetal cyanide (DMC) catal yst,
wherein the polyol has an incorporated carbon di oxi de content of from
1 wm.%to 40 wt.% wherein the ratio of cyclic carbonate by-product
to total carbonate is less than 0.3 and wherein the weight

percent ages are based on the weight of the polypi. The present

i nventors have di scovered that using a substantially 20
non-crystalline double netal cyanide catalyst and controlling carbon
di oxi de pressure and reaction tenperature allows the production of
pol yet her carbonate pol yols having incorporation of carbon dioxide
with very low levels of cyclic carbonate by-products. The pol yet her
carbonate polyols of the present invention preferably have a carbon



25 incorporation of from1 W.%to 40 w.% nore preferably from1

w.%to 20

W . % based on the weight of the_polypi.

i oxi de. b SPHEAERH

Thus, the
carbonate pol yol s may provide enha B
t conpatibility apd fire resistancg&ﬁﬂmﬁa%%&%x’

pol yur et hane foans made with these pol'yols. 30The carbon di oxi de

pressure in the inventive process ranges from 10 psia to 2,000 psia,

nore preferably from40 psia to 150 psia. The

2008/ 013731PCT/ US2007/ 016355 8 reaction tenperature in the inventive
process may vary from50C to 190C, nore preferably from 60C to 140C.
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The starter in the instant invention may be charged to the reactor 10
prior to the addition of al kylene oxide, or added continuously during
t he oxyal kyl at | the continuous addition of starter S
describedk%ﬁﬁ%kﬁﬁ%¢? No. 5,777,177, tpe entire content Péﬁﬂﬁﬁfﬁ%aﬁre
i ncor porated herein by reference thereto Al kyl ene oxi des useful in

t he present invention include, but are not 15 limted to, ethylene
oxi de, propyl ene oxide, 1,2- and 2, 3-butyl ene oxi de, isobutylene

oxi de, epichl orohydrin, cycl ohexene oxide, styrene oxide, and the

hi gher al kyl ene oxi des such as the C5-C30 a-al kyl ene oxi des.

Propyl ene oxi de flRfegding e)thfpﬂ?és of thermipgbrtriaventicteans efferedigr thee

oxi de, nost preferaply at a r o.of 90:1 e A
preferred ffrrage of Nuﬁtﬁ@'%‘a Eh‘?“tﬁﬁ%nﬁl%ﬁb &?% 'ﬁlqbqf'!e%eesgﬂ?%es
mxed with lgrtggg‘l,ﬁﬁgt NG éiﬁbﬂ@iyneaitsdepcrdb@:l bseinmayrbe rr@dlfmﬁe@n ive -

processes. O her pol ynerizabl e, nohoner .
pol ycar l‘&oxyﬂeiV@eédﬂyéf‘P'd%EVB(yﬁr’f’('mlﬁtgegﬁw}lﬂﬁ%gﬁﬁgﬂ d}'iﬁé’ Ipgndﬁydrl de,

pyronel | ti gvamiiiT s scops by trenidoamtidy iscnde menatiadr by thenapparidest
anhydri de, endonethylene t et rahydr opht hal i ¢ anhydri de, chlorendic
anhydri de afl@im&l ei c anhydride) iactones and ot her nononers as
disclosed in U S. Pat. Nos. 3,404, 109; 5, 145, 883; and 3, 538, 043.

The inventive pol yether carbonate polyols may be reacted with one or
nore pol yi socyanates to produce pol yurethane foans, el astoners, 30
coatings, sealants and adhesives, as known to those skilled in the
art. WD 2008/ 013731PCT/ US2007/ 016355 10 EXAMPLES The present
invention is further illustrated, but is not to be limted, by the
foll ow ng exanples. In the exanpl es bel ow, pol yether carbonate
polyols were typically nade as follows: a glycerine-initiated 5

pol yoxypropyl ated trial of nomnal 700 Da nol ecul ar wei ght (350 Q)
and the amount of substantially non-crystalline DMC catal yst, nade
according to U.S. Pat. No. 5,482,908 listed belowin the tables were
charged to a polyol reactor. The m xture was heated to 130C and
vacuum stripped wth nitrogen for 20 mnutes. Inmmediately before the
reaction started, the 10 pressure was reduced to 0.1 psia and 53 g of
propyl ene oxide (PO was added to activate the catalyst. After the
pressure reached one-half of the initial pressure, the reactor
tenperature was set as given belowin the tables (90 to 150C) and
carbon di oxide was fed into the reactor using a pressure regul ator.
Propyl ene oxide (1098 g) was fed over the tine given 15 below in the
tables. At the end of the PO feed, the reaction m xture was al | owed
to "cookout" for 20 m nutes. The reaction product was drained from
the reactor follow ng nitrogen purge and vacuum Exanples O to 6
20As can be appreciated by reference to Table | below, the viscosity
values for the 3,000 Da trials are conparable with the all PO triol
made in exanple O . Howeyer, where significant anobunts of p02 are
added to the polyol, the viscosity tends to be increases. Because CO2
can reduce the activity of the DMC catal ysts, nore catal yst is needed
to maintain the 25 sane activity. Exanples 7 to 19 Tabl e
Il bel ow denponstrates the effects of tenperature, catal yst anount and
carbon di oxi de pressure on carbon di oxide incorporation into 30

pol yet hers.



WO 2008/ 013731PCT/ US2007/ 016355 12 Exanﬁées 20 to 22. The effect of
m xi ng speed was exam ned and the resul summarized in Table 111

bel ow. Surprisingly, the anmount of cyclic 5 carbonate remains | ow
even at t 1]. E of |inear carbonate incorporation into the
pol yol . >~ The effect of DMC catal yst type was
exam ned. Table IV below 10 gives the anmpbunts of cyclic carbonate
formed using three different catalysts. Exanples 23, 24 and 25 used
non-crystal i ne cat®l yst & prlvethat eaibginate pelydl @mpagingklee 5, 482, 908

o, ek PRI £ BT R Bh o QAR s
o_ cr? oalkileb@ oxXide, i tike presence of from about 0.001 wt.% to about 0.2 wt.% of
a substantially non-crystalline double metal cyanide (DMC) catalyst, wherein
the resultant polyether carbonate polyol has an incorporated carbon dioxide
content of from about 1 wt.% to about 40 wt.%, wherein the ratio of cyclic
carbonate by-product to t{otal carbonate is less than about 0.3 and wherein the
weight percentages are based on the weight of the polyol.

2. The polyether carbonate polyol according to Claim 1,
wherein the starter molecule is chosen from C4 —Cgy monols, ethylene glycaol,
diethylene glycol, triethylene glycol, propylene glycol, dipropylene glycol,
tripropylene glycol, neopentyl glycol, 1,3 propanediol, 1,4 butanediol, 1,2
butanediol, 1,3 butanediol, 2,3 butanediol, 1,6 hexanediol, water, glycerin,
trimethylolpropane, trimethylolethane, pentaerythritol, a-methylglucoside,
sorbitol, mannitol, hydroxymethylglucoside, hydroxypropylglucoside, sucrose,
1,4-cyclohexanediol, cyclohexanedimethanol, hydroquinone, resorcinol and

alkoxylates thereof.

3. The polyether carbonate polyol according to Claim 1,
wherein the starter molecule is chosen from alkoxylated oligomers of ethylene

glycol, propylene glycol, glycerin and trimethylolpropane.

4. The polyether carbonate polyol according to Claim 1,
wherein the alkylene oxide is chosen from ethylene oxide, propylene oxide,
1,2-butylene oxide, 2,3-butylene oxide, isobutylene oxide, epichlorohydrin,
cyclohexene oxide, styrene oxide, Cs-Csp a-alkylene oxides, polycarboxylic

anhydrides and lactones and mixtures thereof.

5. The polyether carbonate polyol according to Claim 1,
wherein the alkylene oxide is propylene oxide.
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8. The polyether carbonate polyol according to Claim 1,
wherein the polyol has an incorporated carbon dioxide content of from about 1
wt.% to about 20 wt.%.

7. The polyether carbonate pOion according to Claim 1,
wherein the ratio of cyclic carbonate by-product to total carbonate is less than
about 0.15.

8. The polyether carbonate polyol according to Claim 1,

wherein the substantially non-crystalline double metal cyanide (DMC) catalyst
is a zinc hexacyanocobaltate.

9. A process for producing a polyether carbonate polyol comprising:
copolymerizing a starter molecule with carbon dioxide, at a pressure
ranging from about 10 psia to about 2,000 psia, and an alkylene oxide, at
a temperature ranging from about 50°C to about 190°C and in the
presence of from about 0.001 wt.% to about 0.2 wt.% of a substantially
non-crystalline double metal cyanide (DMC) catalyst, wherein the polyol
has an incorporated carbon dioxide content of from about 1 wt.% to about
40 wt.%, wherein the ratio of cyclic carbonate by-product to total carbonate
is less than about 0.3 and wherein the weight perceniages are based on
the weight of the polyol.

10. The process according to Claim 9, wherein the starter molecule is
chosen from Gy —Cap monols, ethylene glycol, diethylene glycol, triethylene
glycol, propylene glycol, dipropylene glycol, tripropylene giycol, neopentyl
glycol, 1,3 propanediol, 1,4 butanediol, 1,2 butanediol, 1,3 butanediol, 2,3
butanediol, 1,6 hexanediol, water, glycerin, trimethylolpropane,
trimethylolethane, pentaerythritol, a-methylglucoside, sorbitol, mannitol,
hydroxymethylglucoside, hydroxypropylglucoside, sucrose, 1,4-
cyclohexanedfol, cyclohexanedimethanol, hydroquinone, resorcinol and
alkoxylates thereof.
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WO 2008/ 013731PCT/ US2007/ 016355 14 The foregoi ng exanpl es of
the present invention are offered for the purpose of illustration and
not limtation. It will be apparent to those skilled in the art that

t he enbodi nents described herein may be nodified or 5 revised in

various Ways1-|/\n t rpiid p ﬁtﬂié%,"statcﬁg“flﬁgm Uikﬂnﬁ@'ﬁhéreﬁ'ﬂﬁtesé}ﬁﬁér ﬁ‘folétﬂﬁe is
i nvention. scoFe of the inv ion i be nmeasured by th

appended cl a‘? ¢CHERDES ethylene glycol, PrOPY"%er@JW‘é'E her
car bonat e poﬂ;ly@érm:aﬁalmmbngudm;@pgﬁbyrrer| zation product of: a starter
nol ecul e with carbon di oxi and an al kyl ene oxide, in the presence
of from about 0.001 wt.%to about 0.2 wt.% of a substantially

non-crystal lie dPhbpeodeisadccoping & Ol4MMD, whéiry fo staher Aidledds is
resul t ant poI cger C%r?‘P' %@%ﬁ"?m .%I has an i ngorporated carbon

di oxi de cont% Priet e RE'YS% t 0 about 40 wt.% wherein the
ratio of cyclic carbonate by-product to total carbonate is |ess than

about 0.3 ang,wh in_the wei es are hased on the i, ght
of the pol yof:'3 “tie Process acs rél'ﬂg??) 'e‘?’h?:r&r"b aet@nﬁf) ’T"C‘}ﬁg &
accordi ng t cadiied nmrinnumst}edunrtdnhesdcq:rdl}ene:rﬁmmul e is chosen fromCl
-C30 nonols, ethylene glycol, diethylene glycol, triethylene glycol,
pr opyl ene egcoI, di propyl ene glycol, tripropylene glycol, neopentyl
gl ycol, 1,3 ptopamedippbsesk, abcouding éaiCkhim 9, Rtidutmtredaiklleng, dkide is

ot oL bt dheng ol Bl gt o

a- met hyl gl ucbglyne @ddé, isobytylenemiids, epwmmhydmjmlogihgmedmide,
hyd
Cyel ohoxanaur AT SKHE: ceicoh A3onond okkfest BB EDNGe poraygidgoaand

t her eof . lactones and guixtyites theraadt her car bonate pol yol according to
Claim1l, wherein the starter nolecule is chosen from al koxyl at ed

ol i goners of ethylene glycol, propylene glycol, glycerin and

tri met hyl ol pi®panéhe process according to Thaimp8) vybemn trenn byleatexids jol
according to erein the al kyl-ene oxide is chosen from

et hyl ene om%leg,@ﬁno%?/)l('%e oxi de, 1,2-butyl ene oxide, 2,3-butylene

oxi de, isobutyl ene oxi de, epichlorohydrin, cyclohexene oxide, styrene

oxi de, C5- C3@, a- @*H@b@&@s@éb@&&ng&%‘ &l@aﬂhbnxwﬂerremhuqfdrﬁ%ae%

| actones and mi xtures thereof he D}/et her carbonate
pol yol accoH@ﬁ?@ofﬁeélcéFk?ﬁridloﬁﬁérC&nFPritlﬁ f%ﬂ"Rﬁ‘PQHQ 8‘5@1 8d°BEOHE opyl ene
oxide. |I', 20wt 6. The pol yet her carbonate pol yol according
to Claim1, wherein the polyol has an incor por ated carbon di oxi de
content of fromabout 1 w.%to about 20 wt. 7. The
pol yet her carhonatife pedceet a@66:frily ROCIM@, awmrém t\N@&aﬁb of chelio ati o of

cyclic carbonate b roduct . to t taI car bon n about
0 15. Cxibnatt B DraiehbN gl e B naes theR FBPULRAS: di ng-t o

Claim1, wherein the substantiall y non-crystalline doubl e netal

cyani de ( cat IS a zin copal ta [Ocess for
produci ng a ﬁépr%%ssaqg?@c%ﬁ@fg@nﬁp h%reﬁb %‘ﬁa&t"@'ﬂt‘%"?/

starter nol e@‘yhtai[imetd!bl.ﬂ:ﬂé benaldiyanidée(DMC) gapalgstds aeziiangi ng from
about 10 psia to about E?Hagoo psia, and an al kyl ene oxide, at a o
t enperat ure l?%?fﬁﬁ ﬁ ??% Bout 50C to about 190C and in the presence
of from about O. 001 w.%to about 0.2 w.%of a substantlally

BSPyS{yﬁ;‘;’" I8 nc B ety RospsBib B SIS Bb A Hsc4tBBh Rl
. % t 0o aboupretum rdrigesticmmeiahouihd paiaito alfout IERipsiaar bonat e
by-product to total carbonate is |less than about 0.3 and wherein the

wei ght percentages are based on the weight of the polyol. 10. The
process accofdi ngThe pBhesan dxcovding & Rlaired swhetain theplepmdrature rahgsen

fromG - wofrgﬂpgéém 6%"@%%%&”6%: di et hyl ene gl ycol, triethyl ene

e
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14. The process according to Claim?9, dﬁ%rein t he al kyl ene oxide is
chosen from et hyl ene oxi de, propyl ene oxide, 1,2-butylene oxide, 2, 3-
butyl ene oxi de, isobutylene oxide, epichlorohydrin, cyclohexene

oxi de, styrene oxi de, C5-C30a-al kyl ene oxi des, pol ycarboxylic

anhydri des and | actones and m xtures thereof. 15. The process
according to Claim9, wherein the al kyl ene oxide is propyl ene oxi de.

16. The pPOOREPrasssy siddedihg taCrim d.In W Beprodsssisdnyiise’afidaty an

i ncor por aérﬁ&n%f%%rfﬁh%ug@ a@@ﬂb%‘ﬂérté}f sty, aft @pHhodntWr afpikiBlaRpout 20
wt. % &ng%@ ifithd st ‘?:0 be% at 1euBes %hnfy &ﬁhé%tbpstgher

cycllc C Qﬁ& ik ﬂedﬁ a g?&ﬁﬁhﬁo Q?%ﬁﬁ BaTo gfwut

0. 15. erern
substantla? §§h§w@ﬁiaﬁﬁ%ﬁﬁ ouble netal cyanhde (DMC) catalyst is a

zi nc hex ocobaltate S to

wherein t é@ %SSQEB” g?ﬂ;gigﬁﬁﬁ%@' E%ﬁﬁ &é% 1

about 15 gan arﬁ‘ﬁ‘@“%ﬁ‘ o1 Geaeiop o gop eélzﬁ 'Pre
tenperature ranges from about 60C to about 140C. 18 21. The process
according to Caim9, in which the process conprises addi ng an anount
of a continuously adding starter (Sc), and an anount of an initially
charged starter (S1), wherein the S. conprises at least 2 eq. % of
the total starter used; and wherein the al kyl'ene oxide and S. are
continuously added to the reaction during copolynerization 22. The
process according to Caim21l, wherein the al kyl ene oxi de, carbon

di oxide and S. are continuously added to the reaction during

copol yneri zati on.



