Process for the preparation of polyetherester polyols Field of the

I nvention The present invention relates to the preparation of

pol yet herweter2/ped4gol s. I n particular, the invention di eclrasesiotiedase of
novel hybrid catalysts for making uniform pol yet herester polyols by

copol ynmeri zation of at |east one al kylene oxide with certain cyclic
conpounds. The cl aiPmecksadby tHhwrepatationpdlpodtethatestanpeliydisi nter alia for
synt hesi zi ng novel pol yurethane materials, in particular polyurethane

el ast oners. Backgr ound of the invention General |l y, pol yurethanes are
mul ti - bl ocm rrers usual |y consisting of soft segnents derived from

pol yol s, Elé%m#?rﬂ s arisi ng fromisocyanates and extenders. Because

h | yol | | f. the f
the 1inal. probd Pree ohBP)UFefsaRan B RbT re P RIIETSP e Hod by t he
pol yol 5. ThgEs Lroth%.nt@tﬁt;nafsgsgtstﬂguggéft%%ggqypﬂagat%p;ststf&rﬁ [Pl paur act ure.

A great p variety can be used yur et polymer i

archi tect HBI?ethér’é@teTr Eglya%y c%d?rh&uzeaﬁ"'@h ay &qe&‘? 'oMQkayl%h@ okt YiithRefaipnd

pol yester pol yols. wever, they are plagued by a nunber of denerits and
have | i m tgflc agphdotatis.onse idhimedepd yetdisstepblyeaam! esefal inbkpugla pel yet her
based pol yuret hanes exhi bit good stability against hydrolysis, they suffer
f r om poor sytthesigridn@reopaydrethsnanttdredd, in gstict@moturdtharcoslastaseram t h t hese,
pol yester based pol yuret hanes show good nechani cal performance and heat
stability, however, the suscepti bility to hydrolysis is a primary problem

requiring_sol ution. To |ntegrate respective nerits and renedy the
respect i véaawaaoaﬁtfétg%‘vsm M nating fromt he conventional pol yet her and
pol yester pol éol ) IbOtor e(tgher and e % CL es con ai nlsgsq g ye her est er
pol yol s enj oy 8?‘3 yhé) it aé?? ar"éd“% [5) é?e S pe 'S lf‘ a nore

attract | VeodiRg HOUBANGEHHALIIE SRR SR ﬁ%ﬁﬁ@sﬁa Aeborendies aHH' yol's.

Furt her nor yet her'ester polyols or in

conbi nat i gremddrs. Béh%u@y@*th@ w&%bn&ehy@érfﬁsnt&é trreow}éh@/tmﬁe fehRMgehI on,

t herefore extendi ng the pol yol source. Si mpl e bl'endi ng of a polyether
and a pol wehgrthé Sindlqiropettiexpdf molydrethase brddagtstare largely ideteesiineddyl ees, due to
their inconpatibility in nature. To date, various synthetic routes for the
pr epar at i polyds. Teréferee mucp cittpetidnehassieen qam todhe phlaolem@eéaptpneoﬁcmw Sore
representative nmethodol ogi es are sunmari zed as follows: (1) catalytic

addi ti on BPIYellveyefenbei ted to Uil heIRpbarethanspgiaMeriqRTChiEisamAs het al

d f | No. 6, 753, 402;
Y b y B i e P ea &%@me@%ﬁé%@t@'@?te&nﬂy&'ﬁ. Voo i ASa 4 of
Ot bon. oxfBEne ko bSukibel TP UEERS dichaBIffitbls ShoRaiBR it sl For ) o o0,
5, 436, 313¢, aRde 5 afffig %Zéolyétﬁ’% bbl?@refh‘ahé% erxﬁi%ﬁtﬁod@' Et%bl‘ﬂfly%gélﬁstf orm an

i nt er medi ate pol yest ér po foll owed by the reaction wt

al koxyl at hy@oiggiethey E@Terﬁbﬁﬂﬂidcﬁ? s&8Rgthppehiis.antihebt RER P28, In(chhtrast

Copol yneri zation of CO2, al kylene oxide, initiator, for exanple see U S
Pat . Appl withthese, 2OGRBOHEEE polybretHzops o hoad iesharotal petfydrande andl kyl ene
oxi de and al cohol initiator, as described in U S. Patent Application No.
200702653BFatstabilily howverathg sesceptibilify to Sydiolysisiis a pom@naptodleny ausing and
Properties of Novel Polyetherester Polyols and Devel oped Pol yuret hanes" J
Appl Pol yﬁ‘?@(‘,‘?” vol 103, 417- 424 (2007) (6) Reaction of hydroxyl

gr oup- cont al &trmnocar bo sters, apd/ or g ol Cﬁ{sb&( lic acid

esters with aI kesate 58388 i daB§ r[epberqg eFefSp ea:%‘?lsl bed in

U S Pate | i i (&#’JE ragters can
be producgg(llg @QP\ h@*&é@%ﬁ%ﬁ%‘*ﬂ%gﬁq ’ﬁqu e]n ﬂ% g)lt%y%ﬁ%l?cﬂgsters
such as |@§teplﬂfka8éb édh@auﬂh@%@lyétﬁeﬁefsteapel'yblts%hl@ Q’&huhg ﬁlttté?ést r8gerfl@SiHelybed in
U S. Pat 32,671 or Pat ent Application 20070088146 or

| nt er nat i aikadéxplplelitc abi®b nire AET0RP8TARINde tRinetheRepsratl hadybtiidresrei n. | n
the preparation of such pol yetheresters, catalyst choice is crucial. DMC
conpl ex i polkesterpdwls Foebaimyse, the polyethemster aoclydiswanidibg Usedllaet oninty f or

al kyl ene oxi de pol yneri zation. The pol yether polyol gained thereby is
charact er PQ@B‘”@NP”I Wilh Uhe 2o0Yeqticoal RelPln dorr eelyyreinete Rapdustipy hihewi@er i but i on
(MAD) in co on h common pol yet her synthesized using a traditional
KOH cat al %tF ﬁ]cﬁig PPUE%n be used to produce other pol ymers

enconpassi ng pol yester polyols and pgl yet herester polyols. Recent

i nprovenents in preparative nethodol ogy have nmade DMC catal yst nmuch nore
attractive for comrercial manufacture. Though DMC has proved very

ef ficacious for the copolymerization, drawbacks still exist. For exanple,

t he cat al yst |s h| nder ed by the observatl on that the pr oducts obt ai ned
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an initiator using a conventional single DMC conplex as catalyst. The

nmet hod of the present invention involves the use of a novel hybrid

cat al yst ,weubstazeu8i ng DMC al one to i npl enment the synt hesTAN20tw76@W hybri d
catal yst according to the present invention conprises at |east one DMC
catal yst and at | east one co-catalyst. The pol yetherester polyols obtained
enpl oyi ng t Ismplebddndimglofiacbabyettedr pat agoahiebtetr isatht antoptiesfor nolpeg fttoe mance over
their counterparts nade using solely a DMC catal yst, especially in the

synt hesi s mehtignsidyaipkiemanduedpakaivineerspatidaityplamaiuser Terdate yarieisngynthedicswel | i ng
behavi or. The fpoI yet herester polyols thus described and so produced can

t her ef or eT PSRN KiRPaRRAGRION O dileernt RolyberRgiATPalyPFMaNE baen B'Eﬂpﬁ?ﬁﬁ'det hanes,

bl I h De d d
The. pr Zs2%9“&%%@??%%?vs?%@ﬁ%%O%e%%%ZﬁUWﬁ% eSS e B alER, I’Qhes
the synt h8§él§% AR gﬁgé(§é§% @{m@&’&}b‘i’é Sel ¢ ;%gﬁga}é’dﬁ“r‘dlé% @P

al kyl ene oxi flrst non conpounds d|0X|de
(co- monongsthlys@for @Rapedeb . ShﬁatCNélmEos 1&@1( tﬁe&&&étéﬁ/_ltﬁ_s'fer_s (e. g.
| actones, |actide) and/or cyclic anhydrides, the participation of an

i ni tiator dicarboxyNecelddbrzghydride withethe ardesk oﬁ‘l’éﬁ@dlcﬁ’@f}fstﬂb implefmehtihent i on, the
hybrid catal yst consists of at |east one primary catalyst, in particular a
DMC conpl emsertiandf aithydeds intacebaveoxygealbysds of Polyetier, estdissfosethn PpSeBaht
invention thus is a process for the synthesis of polyetherester polyols by

copol ymer N@l 51@1%90@ 8536, %@ea%ﬁ RHP@RE0: AR At yefidenfire ﬁﬁ@iﬁ"\ﬁth@g'tﬂﬁoﬁfmam or at
| east one, ic co neral for rein Xis
el ect od ITSSTeRRIS SRR RooH QNG Gaee Rl " her a%ﬁxw'naﬁ@eﬁszf%re

%S?E?ﬂ%&“p‘%?s%@é%qﬁtL@?"F%Eg SRR BRI A8 BB ive® ¥Ry .,

E FG +C I
hydr ogen, Hﬁlaﬁﬁ;}% re%%a”(?)rlgsggu _Saig%o,ggpg‘@gﬁcf]atqbgﬁg%ﬂ%gﬁﬁ b%g!ﬁl?&h%ggégﬁﬁ%; |>/s [

CR7R8 | -- anr\ydrlde, alkylene oxide and alcohol initiator, as described in U.S. Patent Application
No. 20070265367 and by D X Wang et al in “Synthesis, Characterization, and
Properties of Novel Polyetherester Polyols and Developed Polyurethanes” J Appl
Polym Sci vol 103, 417-424 (2007). (6) Reaction of hydroxyl group-containing
monocarboxylic acid esters and/or polycarboxylic acid esters with alkylene oxide
followed by transesterfication as described in U.S. Patent Application No.
20060211830.

In addition, polyetheresters can be produced by the copolymerization of alkylene
oxide and cyclic esters such as lactone in the presence of a suitable initiator, as
described in U.S. Pat. No. 5,032,671 or U. S. Patent Application 20070088146 or
International Application No. 2007020879 and references cited therein. In the

preparation of such polyetheresters, catalyst choice is crucial.

DMC complex is known as a catalyst with an extraordinarily high activity for alkylene
oxide polymerization. The polyether polyol gained thereby is characterized by low
unsaturation and narrow molecular weight distribution (MWD) in comparison with
common polyether synthesized using a traditional KOH catalyst. Besides, it can be
used to produce other polymers encompassing polyester polyols and polyetherester
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gi / _. and Bis a bond, and wherein D and E are independently hydrogen or

a d - C100 aliphatic conmpound, or wherein Dis c¢c[ CRO=CRi 0O it\l / _ and E
i s a bonawo 2arxh2ed¥erein F and G are i ndependent!|y hydr og@em/aN208¥086190t
present, wherein mis an integer in the range from0O to 5 and wherein nis
an integer in the range fromO to 5, and wherein R3 and R4 are

I ndependepblygls skecent etbrovenmeritdia gemuptiveongthodology Hewe moapenDMOsdataystne,

al kyl, aryl, wherein R5 and R6 are independently selected fromthe group
conpri si nguel arasg etirackivedpr commercial spaufgiebvrein o, p, q, r, s, t

I ndependently are integers in the range fromO to 5, and wherein R7, RS,
R9, R10 are independently selected fromthe group conprising

Though DMC has proved very efficacious for the copolymerization, drawbacks still
exist. For example, the catalyst is hindered by the observation that the products
obtained often are turbid or layered. Such products are incompetent because the
inhomogeneity not only affects the appearance, but also damages the performance of
final polyurethane materials (see Example 5 below). It is demonstrated by our
experiments that the undesirable phenomena are closely associated with the catalyst

employed.

Thus, the problem to be solved is to provide a modified catalyst system for use in a
process for the production of polyetherester polyols. Preferably, the catalyst would be
successful in the synthesis of uniform polyetherester polyols. Uniform here means that
the monomers are evenly distributed over the polymer chain, the chain being free of
defects. Defects could arise from e.g. non-complete conversion or side reactions like
e.g. decarboxylation leading to polyols that have a real functionality less than the
theoretical value. The uniform telechelic polyether-ester polyols that are free from
chain defects would preferably also show improved mechanical properties and

swelling characteristics when applied in making a polymer.

Summary of the invention

The problem mentioned above is solved by the features of the present invention, as
expressed in the claims.

Surprisingly, the problems mentioned above can be alleviated or resolved by

combining a second catalyst with DMC complex.

The present invention provides a method to overcome the turbidity and stratification
of polyetherester polyols obtained via the copolymerization of alkylene oxide with
cyclic compounds, for example cyclic esters (lactones) and/or cyclic anhydrides, and
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5 hydrogen, alkyl, aryl, in the presence of at |east one initiator and at
| east one hybrid catal yst. Further objects of the present invention are
al so t he wovertaze®shybri d catal yst, as defined in the clrarmN2o0avidedhe use
of the inventive hybrid catalyst, as defined in the clains, in a process
for the production of polyetherester polyols. Futhernore, a polyetherester
pol yol , obt &itreadyl usingya tdreentionahsingle DMO cesplex andatahyst. Tde nodthashofdhe
pol yet herester polyols, in polyurethane fornulations or as surfactants,
di sper sanpesent inyghtipr iaMolveine yse ahz povebhyoridmataltssd sybetijetingtMa aisine to
polymer-filled polyols, or _in unsaturated pol yester-styrene resin (USP)
formul ati m‘?mﬁ'ﬂtéh%P%h‘%%-J@?é‘vehyPH%C%tﬁ‘h’?eﬁ‘ﬁcofq'ﬂﬁ’etﬁtﬂi‘%ﬁfesP'ﬁ IBventied er r ed
enbodi nent_of .the, jnventi X. s . C=0..1n another preferre nbodi nent of
The § nvenerBirides a IAREME O Gl g L bBaig Rl e EIRI e wher ei n
m= 2, -( = - ' = 1, : | : ..each 0 and A and
B are inde @%@%ﬁeﬁ eﬁ@ﬁé@i‘tggf@ (\5%11h1y Rgd gér}g&gﬂ %Sﬁrﬁgﬁ?’g?ﬁaa%i% aliphatic
conpounds pefckfhapbd BRR!th&r CRAMRIPEIESMa®s uSMGESLI o/DIE AtARd J3pedafl iR8 are
each hydrggen, [ CR7TR8]---\ a1/ --"™' aér,lwcqi@B ig a bond, whergi n §/=

the synthesis of polyurethane elastomers, in particular regarding its swelling behavior.

The polyetherester polyols thus described and so produced can therefore be

advantageously used in the manufacturing of polyurethanes, notably polyurethane

elastomers.

Detailed description of the invention

The present invention provides a novel hybrid catalyst which accomplishes the
synthesis of uniform polyetherester polyols by copolymerization of alkylene oxide
(first monomer) and cyclic compounds and/ or carbon dioxide (co-monomer), as
defined in the claims, for example cyclic esters (e. g. lactones, lactide) and/or cyclic
anhydrides, with the participation of an initiator.

According to a preferred embodiment of this invention, the hybrid catalyst
consists of at least one primary catalyst, in particular a DMC complex, and at least

one co-catalyst.

The object of the present invention thus is a process for the synthesis of
polyetherester polyols by copolymerizing at least one alkylene oxide with carbon

dioxide and/ or at least one cyclic compound of the general formula

/TN

X Y
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, Whereinr and s are each O, Dand E are ([ CRO=CRio |"--\ t1 / each

hydr ogen or wherein Dis and RO and R10 are each hydrogen. and E is a bond,
wher ei n twe 2812/02m048 particularly preferred enbodi ment ofCrleNbrwogedron, Y
is , wherein o and p are each 0, Ais hydrogen and B is nethyl ene, or
wherein Ais nmethylene and B is hydrogen, and wherein F is hydrogen if Ais
hydr ogen, waaeinKés selectéd fremnibe gpoupsamtprising/AC+@, OR1RY, | verezeindRidanvdhBRein G i s
hydrogen if B is hydrogen, and wherein Gis not present if B is nethylene.

| n anot heprepnédnendentlyeelnstidifeam thef grotre compraing dnalky, argl, CR1 R2. In a
particularly preferred enbodi nent of the invention, RL and R2 are each
hydrogen, and Y is -(CRBR4A)m, and mis 3 or 5, and R3 and R4 are each

chralyar 2oL dr SFEaE ToRL TRoii ot iy R S B nh - Ay St ( DV

catal yst) and atAI east Oéle co-cat al yst.

wherein A and B are independently hydrogen, methylene or a C2 - C100 aliphatic

[ CR7R8 ] ™\
a |
Q /
compound, or wherein A is ~” and B is a bond,

and wherein D and E are independently hydrogen ora C1 - C100 aliphatic compound,

[ CRg=CRy, ]\\
t]
%

or wherein D is ~  and Eis a bond,

and wherein F and G are independently hydrogen or are not present,

wherein m is an integer in the range from 0 to 5, and wherein n is an integer in the

range from 0 to 5,

and wherein R3 and R4 are independently selected from the group comprising
hydrogen, methylene, alkyl, aryl,

wherein R5 and R6 are independently selected from the group comprising hydrogen,
alkyl, aryl,

and wherein o, p, q, 1, s, t independently are integers in the range from 0 to 5,

and wherein R7, R8, R9, R10 are independently selected from the group comprising



I n an enbodi nent of the inventive process, one al kylene oxide is used. In
anot her enbodi nent of the inventive process, one cyclic conmpound is used.

| n anot hewoentzadeosent of the inventive process, one ini PCat@0ig7ewed. | n
anot her enbodi nent of the inventive process, one hybrid catalyst is used.
In a preferred enbodi mrent of the inventive process, the hybrid catal yst
consi st s bydrogen, DMy, egti,al yst and at | east one co-catal yst. In another
preferred enbodi nent of the inventive process, the hybrid catal yst consists
of at |east one DMC catal yst and one co-catalyst. In another preferred
enbodi ment of the inventive process, the hybrid catalyst consists of one
DMC cat al yst dA8 PEIFENeROaitens) gpe initiator g af leasinnedwirfid caglati on, the DMC
catal yst may be synthesi zed by virtue of generally known nethods, usually
by conbi ni ng aqueous solutions of a netal salt and netal cyanide salt in
the presence of an organic ligand to forma precipitate of a DMC conpound.
Al though it is possible to use all types of DMC catal ysts known fromthe
prior art Faedt dfed®olthe piesédt, inddoNare RisBam e dnldMive AYBHdY 84tBlystOfasm Xt ur es
t hereof, a Co-Zn based cat al yst which has the general formula

Zn3[ Co( CNyéijnadiis thy ehiatsabhy tradaget efdhé avehihe pibeie eatalyst, ecaksinedbr thexanpl e,
Co-Zn, Fe-Zn, and/ or Ni-Zn-based double netal cyanide conplex catal ysts
may be useldings irDhracassaloy Ste. produstion abbolyetaémstehpalgalyanocobal t at e cat al ysts
as described for exanple in EP 1 916 273 Al, US 3 404 109, US 3 427 256, US
3 427 334Futbsmporaxypdggheresiespdyd, agnakisbgtheinvepdee prgsess, ampthssse US 4 477

589, US 5 158 922 ys 5 470 %3,. US & 482 90@, Us 8 545 601, EP 0 700 949,
EP 0 743 89852idepolyetngresten gPolxes: oy RYYEEaNg) 98NY'84NE, OWESodY vand JP 4
145 123 v b . The DMC | i |1 r in the hybrid
catal ot BbeRRats Buncans % MerSAR AL he bRAHAIBY HpdESa bVABS, YO

to 2000 pphRgsth-A84 b egf@rssmr‘éﬁe ﬁi%ﬁﬁ%ﬁ@%lﬁétioﬁﬁg,‘ é(r‘é'a?sc;(ﬁcgéﬁgoftﬂ@re

preferably from?20 to 250 ppm bas t he mass of pol yethérester polyols
formed, apsemshveptieherably from50 to 150 ppm based on the nass of

pol yet herester polyols forned. It is assumed that the function of the
co-catalyst in the hybrid catalyst is to favor the ring-opening of certain
cyclic compounds, like cyclic esters and/ or cyclic anhydrides, and to

facilitate their incorporation into the copolynmer chain. The co-catal yst
may be selected fromthe group of condensati on catal ysts. Conpounds

cat al yzi nlf) @BeETa0 &BRQTREHOf thedAiPRr X 1S €FPi on reactions are suitable as
co-catalysts. Inter alia, the co-catalyst may be selected fromthe group
conprising Lewi s acids, organo-tin carboxylates, titanium vanadi um and

haf ni um ¢ I [ r | de (o] 1 1 ]

lithium ﬁnP gﬁﬁ%sn{) [gﬁhﬁ%a%t hg(ﬂﬁ] fehsa.%f mﬁggﬁtl?gmﬁ( %r %I%%t%%?%nﬁgﬁégp@gp s are
titaniumg #gls, organo-tin carboxyl ates, netal al koxides. The nost
preferable are titaniumconpounds with the general formula Ti (OR)4, in

whi ch R i s(@R3gukil, wheripms h 1-4 carbon atons. Representative exanpl es of
the conpounds include, but are not limted to, tetraethyl titanate,

t et r ai sopr(CRpFCR6)ranaheeinand 1t etratert-butyl titanate, or m xtures thereof.
The co-catal yst may al so be selelected fromthe group of titanium

zi rconium or haffi um conpositions, preferably a titaniumor zirconium
conposi tion, sai \conpo$ tion being a conplex of at |east one netal

sel ected fromh \group! isting of titanium zirconium and hafni um and
an acet oacet ;%n*the molar ratio of Ti, Zr or Hf to

acet oacet at pange 1: 2.5 to 1: 10 and said acetoacetate

ester is an est2er of an al céhol CARERIMbNGhd1p ke BabRIDAY At SHEB &8
described inter alia in WO 00/02941.

independently selected from the group comprising C16 aliphatic compounds, C18

Q

dCR7R8 ] ™\
q 1
/
aliphatic compounds, or wherein Ais =7 and Bis a bond, wherein q =
4 and R7 and R8 are each hydrogen,



The co-catalyst may al so be selelected fromthe group containing
conpositions conprising an organi c conpound derived froma netal of G oup

| VB of twoORerdmei4 9 Table of El enents, said organi c ecrgounw/eiong a
nmetal carboxylate or nmetal al koxide or a chelate conplex with the netal as
central atom and at | east one pol ydentate |igand, as described inter alia
in WO 97/ 17388. D, _Preferabify, the co-catalyst is selected fromthe group

conprising titaniyu . The ratio of DMC to second catalyst (D S
ratio) is anpother] inportant f or jof the present invention, apart fromthe
conpositidﬁ%ﬁ the hybrid catal yst]sH gher D) S ratios sonetines do not

lead to uniforfi polyetherester pobyol s eAuWet ok sSrd 8hdiPo &b en@lESQesSonet i mes
not appropriate, and may have a negative | npact on subsequent polyurethane

synthesis. Usually, the DMC catalyst is pgesent in an anount of 5 to 2000
ppm whereas the co-catalyst is FCEgeﬁﬁﬁgl\an amount of 1 to 1000 ppm each
wth respect to the total nass é\ the fin ﬂgproduct. Preferably, the DMC
catal yst is . present in . an.anpunk of 20 to 250 . whereas the co:catal yst
s presentSTEROSERANERT PR o 100 ppm each WCthSHEIEEFNEE 22t o a
mass of thed Romal Rinadeetch Matregg. ef erably, the DMC catal yst is present in
an amount of 50 to 150 ppm whereas the co-catalyst is present in an anount
of 1 to 60 ppm each with respect to the total nmass of the final product.
The hybrid catal yst can be prepared in different ways such as inpregnation,
co- pr eci plnapargeulahhyrefesrgdiepnhedicneny ohihg irvenden. YoRysi cal ni xi ng of the DMC
and second catal yst to q@tain a hybrid catalyst is preferably used in the
present inventiog due to/its sinple preparati on manner and excel | ent act ual
effect. Thé&gi\ven amgu & of DMC and co-catal yst may be added to the
tart; of the reaction, but may al so be added one
‘%‘Vages of the reaction. In this manner it is
possible to sébectively nodi2f y the chain architecture which may lead to
further inproved properties. - Exampl es of appropriate al kyl ene oxi des
i ncl ude, bwhemineo god N arkiaach & & &% hydregen ard Geis Metbygne s vdereie A But yl ene
oxide (e. g, 2,3-butylene oxide, 1,2-buytylene oxide), pentene oxide (e. g.
1, 2- penteﬂ%‘w ”ﬁee,'”&zgs'-sg}é/ﬁf%%’ 8% d@ﬁfe'% c Sk %)ﬁ Y APYRT: @98 et her,
gl ycidyl- h)cryl LIyl gl.yei dyl er henvl al v.¢i.dyl her, phenyl
RO L o e R e GRS b C e
gl yci dol e ! rd RAPL cid nmethyl ester oxide, oxetane, or
m Xt ures ?ﬁggh%gh%§$$§?§t€§?t?Egga K Iéﬁ% oxide is selected fromthe group
cont ai ni ng et hyl ene oxi de, propylene oxide, 1,2-butylene oxide, or mxtures
thereof. Particularly preferred al kyl ene oxides for the inventive process
are et hyl ene oxi de (EO) and/ or propyl ene oxide (PO. Usual 'y, the
nolar ratio of POEOis fromO:100 to 100:0. Preferably, the nolar
al kyl enoxindanathprefersed emhodieen{ ofites invertmmplim@R1R3tio is from 100:0 to
20: 80 in case of cyclic esters, and fromO0:100 to 50:50 in case of cyclic
anhydri des. The nononers may be provided at the beginning of the
reaction pr_ may he continyously. dose The non r be added
Crati st ol PrsanGeRienpd B eetis R Ahe Foenily B aa s raisan 059y 1 ow
rates (dy LG. dosd ) | e f o0 be dissol ved
in sui tab?@ms(g? v@ﬁ@gﬁ}n?r@%n%%%gg?éﬁddt%gg%eégﬁ%ﬁn@%%g@ a whol e, or
alternatively added to the reactor |later. In general, all cyclic ester
conpounds applicable in the ring-opening polynerization of the cyclic
esters carm »Hprefsasdll afbsoRaemchf iav@tve ysdeks, thd AsHaNshalyst comgfisg 4t0 t he
present invention. Exanples of such |actones include, but are not limted
t o, c- capleabhoiedeybldmeddleryehide toormplexysahalysir(OMLE tatalyst) and at least one
8- net hyl - 5-val erol actone and so on. Preferred exanples of such | actones are
c- capr ol aee-oaelyss-val erol act one, and y-butyrol actone, or mixtures thereof.
Most preferably, c-caprol actone and 5-val erol actone are applied as
co-nononer for the present synthesis. Exanpl es of cyclic anhydrides

whi ch may, be used.in t copol.ymeri zation with the alkyl ene oxide include,
but ar e mBan $RpEuERt et s B AR bRt M e ae. sucei ni ¢
anhydrideﬁgyy i I e ; I Cyan ride,
tetrahydrgp tﬁg%fﬁﬂgﬁhyﬁgﬁg@eiﬁ%ngﬁé y8% réﬁg%ﬁwgp§@g§wﬁhéwﬁ&g preferred
enbodi nent of the invention, the al kyl ene oxide is copol ynerized toget her
with the cyclic conpound in the presence of an initiator. Initiators
containing active hydrogen atons may be involved in the starting materials.
Preferable initiators according to the present invention include Hacidic
initiators wwth a functionality ranging from 1-12 H acidic atons per

nol ecul e, for exanpl e pol yoxyet hyl ene pol yols, pol yoxypropyl ene pol yol s,

I T T T I o T - o I T N N o, o '




sorbitol, dipentaerythrit, tripentaerythrit, polyesters, |ike polyesters
based on caprol actone or 1,4-butane diole and adipic acid, initiators based

on renewasbDeorgedsces, |ike fats containing hydroxyl gPOEEN208/07¢L97cast or
oil, natural oils nodified with hydroxyl groups, |ike sunflower oil,
soybean oil, rapeseed oil, palmoil, and/ or fatty acid ester containing
hydr oxyl grangttssr embodinignd bbthglinveeinkiyd pretess; abeinitiayationgdd. al kyl ol eat e,

hydr oxyl al kyl linolate, hydroxyl alkyl l|inoleoate, in particular nethyl
ester or btanpthesembodipient ptingtMentivg prpcessi dre hylrigdatalyptdh used. sal ts, 1i ke
lignin sul fonate, polysaccharides, |ike starch, cellul ose, guar. The

initiators may be provided at the begi nning of the reaction as a whole, or
may be coptinugsly, dosed together. with the alkylene.oxide(s) and the

o mononaPy e pretersa §RBSHmsRP St B8 fintinive biest s AR EETerr iR foet ween
80 and 22 fer Nee -180C, even nore preferably between
100- 160C gﬁ%D%{??tg'gﬁaaﬁﬂd?f%éréSF@redgaﬁéyx%éen 130- 160 C. If the cyclic

compound S afoB¥E Ikdte@sd %rmbddhﬁerftefsrp@]@arn%@nvbsﬂ%ée@},ItMeiﬁyb?ibecertayge of 150
to 170C, if the cyclic compound is a cyclic anhydride, thHe tenperature

usual |y i sordtsefedt Ided0omnDMAERtElyst Hhe dnepesaddiyste may al so be varied during

t he process. If the tenperature is too low, the reaction rate m ght
be reduceth tootheuergfentd lemnbadingerttoaf thiegimverivet pronesse ripertatorid ecatalysd ri sk of
unwant ed side reaction significantly reducing yield will increase. The

copol yrer FoiStHal aneriMgess apth oppeo-68takEL. r eact i on conditions and can be
determned in orienting experinents. Typically, the reaction tinme is |less
than or equal to 24 hours; preferably, |ess than or equal to 15 hours; nore
preferably, less than or equal to 10 hours. The pressure during the

i nventive process usually lies in the range of 2 to 20 bar. The reaction is

usual l'y perfF%F{F%dprE&rﬁmvaﬁcﬁ{ tr%tﬁmé%%frlgt (T‘%% b%-sB/HfP\Q zedby UiRgERs Or 13
T dina

argon). e reaction may be perfor atch, sem -batch or

cont i nuougenBAIREnowhMetREBTRE Il b @omBRHLIqUEBYs SStutonslof b MRftal\s@RSAE Or a
tube reactor or a cascade of stirrer vessels. The presence of the

co- cat al ystetalayaridausat iaithd pres@asad aneagdnivligayid o farine gretipitdte oSa M@

behavi or can be desired, but in applications where this is not acceptable
t he co- caterhpsitndclthdyghiitdsrpossaiblejo estdalktypes SfONMEcetalysEhmoro-fiom tleyst wi | |
react wwth the water and the corresgondi%ﬁgoxi de is fornmed. The oxide can

t hen be r BARNAEPUCP @mGne fiesduPBd k¥R ag W&t GadHats 108 AT S deereeika
filtration. ' Ly, I t b ' ' ti :
Pr et or redCodAER CUFE Satah st i Bel Fro fetihbent BUREAmLeN b HEREAET: o vone.
xyl ene, tg&éﬁgy%;g{e%d?gnﬁtﬁgch-sgl oxane, 1, 4-di oxane, trioxane,

di nmet hyl acetoamd ormam de, di nethyl sul f oxi de. In order to

reduce thesagRible 0Tt Z e alky bR CoroNi-Afbasl BOLIRE ThARCE)HTBYmPEX _
performed until the pressure in the reactor is constant.” Before or during

t he aft er categstsintdy Hehaea asDMC BetalysaPadfyisblyasilé hélacganoeabalaystatamsts
optionally be dosed. Before or during the after-reaction phase, the

t enper at uag desyyibegfar eraple il EPWaI 166273 A, US 3 ¢80, USH3 #2256 tUAB 4React i on
t enper at ur e. After the reaction has been finished, the product is

usual |y sB84.ped 48f 33%I1 3 B39 80hpone At § 348 Uyd 453 560.t4H4n7 §89.i phi hg,
vacuum strippin or_steamstri s5)i n%. Usual | y t he residual_ al kﬁl ene oxi de
content of5t ﬁ%z,&%ﬁléq%péﬁwi U iagorinp 1t B iAo i ofne”
oty nEE 7B e o06e., WY e fadtt S oy b Ao BUF b WRaPh P BRS o 14

used.

The DMC catalyst is usually present in the hybrid catalyst of the present invention in
an amount within the range of from 5 to 2000 ppm based on the mass of polyetherester
polyols formed, more preferably from 20 to 250 ppm based on the mass of
polyetherester polyols formed, and most preferably from 50 to 150 ppm based on the
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functionality of 1 to 12. Nornmally, the inventive pol yetherester polyol has
a nol ecul ar wei ght of 400 to 20000 g/ nol, a viscosity of 50 to 50000 nPas
and a polwdizeppangisy of 1.01 to 1.9. The pol yet her e®C&CN20100006197
according to the invention nmay of course also be stabilized with any of the
stabilizers commonly used for stabilizing polyetherols, e. g. with

subst i t ut edspbepwyetoaesteapolyads formed. Pol yet her est er pol yol s nade accordi ng
to the present invention may be reacted with polyisocyanate, followed by
extending the isocyanate-term nated prepolyner with a chai n extender

of fering pol yurethane el astoners. Th ol yi socyanates may be selected from

/ . The pol . : :
the group coripPFRIMRY BettheRincion ¢fyhg %P@tBPB/@tt“i‘ e hybgd spialyRbs iefa¥erdhar omat i ¢
i socyanates. Anon he aromati c pql yi socyanates _are preferred. Exanples
of i t abl GeraPETRE PR Bl EER iR G SRR RRLRS RS BT BER e Cihe
di i socyan (I D): s ! '-}ﬁﬁﬁ% .of di phenyl net hane
diisocyan?@§?1%§W%Kgﬁeﬁ¥§?ﬁ%gﬁmPﬁgggﬁ%&xm‘ eB%Hain extenders for use in
the present invention may be selected fromthe group conprising
| ow- nol ecul ar pol yhydric al cohols known in the art. They include ethylene
gl ycol , direé bydcenssonyg ok selbctéd iobaihe diralp ofaBAdgHsyGeT catalysts. m xt ur es of
thereof. It has been surprisingly found that pol yurethane el astoners from
pol yet her €strppumis catdlgzing egianifedtiereontratisagtetiftcatibe réactiorst aresutaltidiagl usi ng
hybrid catal yst systens exhibit inprovenments regarding the swelling
behavi or Forcaatyéls- conpared to pol yet herester polyols prepared by
conventional single DMC-catal yst technol ogy. The pol yet herester polyols
obt ai nabl e by the inventive process nay be used in a variety of

poryur ot nike ey Spadaidbt g RSB Wb Yl b RIS Pl ¢ or rea
flexible boaRBinhtanhiRs! iAo Ehadlidht fARTR dofiooiARS A HCRIBE

i nsul ation applicatio astoners, thernoplastic polyurethanes
(TPU), PUagmadded @8ntaftihSRammahs lithRlh, agiash ¥ae lanbnideet ant's, | ubri cants,

di spersants, as macroners for the production of polyner polyols, as

macr oners for aqueous pol yner di spersions, as macroner for the production
of conb pol yners which nay be used as concrete |iquefiers. For the

f urt her uhdengthandimefetsblea ¢atalysts are fitamumtdosnpouhdiswrgapodinasabaxylatase gi ven
for purpose of illustration only and should not be regarded as limting in
any way. BEREPKEgdes. THe maskprgfesahlsareflariynyerperads Wi theogesral fperulzar r i ed

t i t apnl .St eel | W [ | f. 500 cnB 5000
e, roapDbarberomint Rd oF dk k@ el e b o AP ERTOES and
catal ySt_Wene chi Sty RIALGR bln doRAmESRR! Rizefiy dAaR0T 8L g s pact or i th

N2, the arr w e a ave was replac e redc S 't hen heat ed
to the deghpgd AeIMRELRHUWRY iBhERY of AfkuGesRlesddron of introduction of

al kyl ene oxide in a successive manner, the reaction was continued for an
addi tional several hours. At the end of the reaction, the conversion of the
cyclic esters and/or the cyclic anhydrides was cal cul ated based on the

wei ght of Theitewcatalyst mayl alse delsetelavte dGREN Hreagrpsp of titahiumezirabeivim i cat i on of
the products was performed by FT-1R, 1H NMR and 13C-NVR Exanple 1 The
i ni tiat or hefpinyentypasiions dnefebly a tikoinhey ZEPigM comPPsEpn. @it apr ol act one
nmononmer (25g), .hybrid catal yst %DNC 0. 0313 and Ti (0Bu)40.0188 qg) were
char ged i RRBPESILANRE1%R SOBPIEX Pf Zhieast Pa%‘.etal*%@'e%écffto NGPEOYMENSIEA ed t o

successi vel YT QRhlRT §OFffy 8 sl CRR B R b P Y B i or an
exta 2 hgurssal el S SIERALUE S 1fihb Rings1e2GABR 88 LAY abdiadtEt 0N,
was obt al ned. |

uni f or m product e conversion of c-caprolactone was 99% the
hydroxyl ¥abtig anastet éBar?’aIH&ldKQTMtginﬁ%d th B afonltEbHE &is et ieeslsah was
confirmed to be the desired poly (PO co-CL) diol by FT-1R 1H NWR, and

13C- NVR. BaoploeoLt.( Ref erence Exanpl e) Anal ogous to Exanple 1, except
that a conventional single DMC catal yst (0.0313g) was used instead of the
inventive hybrid catalyst. A |ayered product was obtained in the end of the
reaction and the conversjon of c-caprolactone was 99% and the hydroxyl

val ue was 14 g0-galgyskopy glsoprassiestes from themgropp centainie COPRR§IERTEr opy| ene

catal yst (OB S EoRNC LR SR P G L EGe 1 Hics T BERH ess st ool

aut ocl ave. The reactor was then heazﬁd to 160C in a nitrogen atnosphere,
and a m xture of propylene oxide (PO 2100 g) and ethyl ene oxide (EO: 615
g) was successively introduced during 3 hours. The reaction was conti nued
for an extra 2 hours at this tenperature. After the conpletion of the
reaction, a uniform product was obtained. The conversion of c-caprol actone

o ~\N 7 " o N v~ 1] - o,



The initiator (polyoxypropylene diol, 250 ng KOH g, 917.9 g),

c-caprol act one nononer (906.9 g), hybrid catalyst (DMC 1.36 g and

Ti (0Bu) 40w03g)2/02e04¢ charged into a stainless steel autoeCa@2oibigermeact or
was then heated to 160C in a nitrogen atnosphere, and propyl ene oxi de (PO
2707.9 g) was successively introduced during 3 hours. The reaction was
cont i nuedTalbe offflemrhisasd?d biganis catnpbimdsbdiegp etetd| caboxyMteer netet alkoxipé et | on  of
the reaction, a uniform product was obtai ned. The conversi on of

c- capr ol aetdehelata somglex with ghenpdiabis/teniral atemead asieast ang nreptateniganthe
structure of the product was confirned to be the desired poly (PO co-CL)
di ol by F&s pgscrippd Wa"amw@%ﬂw@ Exanpl e 5 (Reference Exanple)

Simlar to Exanple 4, except that a conventional single DMC catalyst (1.36
g) was used instead of an inventive hybrid catalyst. A layered product was

bt d f . P - | act
vas 99% and THE Rya¢ B A B iR P gBRPYSFBlERa franfinf aP" ¢, Bt one

initiator gkpablyoxypropyl ene diol, 250 ng KOH g, 897 g), phthalic anhydride
nononer (PA: 593g), hybrid catalyst (DMC 1.67 g and Ti (0Bu)4 0.49 g) were
charged into a stainless steel autoclave. The reactor was then heated to
130C in a nitrogen atnosphere, and the propyl ene oxide (PO 3426 g) was
successi vel yhematraoefUd\da tolee¢ang catatysti(ly.S Hitie) is @aocthieoimpeatenicfedtor oftibel f or an
extra 2 hours at this tenperature. After the conpletion of the reaction, a
uni form aﬁ@sé'l‘té@t\fe”ﬁiia'bcﬁ%ft figasthetsoaipagiion afiibe BWGB‘?%@'M Fd@h@r@/r%ratles

anhydri de was, A 99% t dro structure

e o senimerdo heleat felben BaveRertaks pls H (T8, B0 18 e of oy

Examn e oo RRImaT SorgbropiEe. ae R fale & RELA ﬂ%ﬁa%?%%%%qumt 25 $ s Used
instead of, Wei%ﬁ@@%ﬁtﬁ@sléw%’ub RS et AT 6% gogned i n

the end o e reaction an e conversion o al 1 ¢ anhydri s 99%

and the hyghowbiéredatHéecorialgd islpidBert@a® amBahtdirebB0e pmasidn®itss prepar ed
fromthe |nvent| ve pol yet herester polyols Method to produce the

pol yur et hesspestaoiedstal asd\vbitties fired| pradsied Prédyria bl 30 DEMGE battlysBy kre@abtih  Wesel ,
Ger many Thorcat 535Mercury based catal yst, Thor Chemi e, Speyer, Germany 1,4
But anedi obChaionntest28rid@p) ppASFheEas thedsd- @ﬁmtémpre&mtrhmay ampgoyefriate A

m xture of Lupr anat(rz MP102 and Lup ranat(t MMLO3, obt ai nabl e from BASF
SE, at a We9 gpm- eaghwWihoesnec to "Ibﬁﬁ?ta'rfa@ffsr‘?f Pl probduat Mosp Brejarably.d8ed on

4, 4' NDI (V L MMLO3
o BB SOE B Rh §n ol Ot 5 R afies e cogaBR I L) Mt
has an NOQK@hHE aRGn?En2dh1 o B 2t WAn REQEES HOB @R eiang sampl es:

product.

The hybrid catalyst can be prepared in different ways such as impregnation,
co-precipitation, physically mixing and so on. Physical mixing of the DMC and second
catalyst to obtain a hybrid catalyst is preferably used in the present invention due to its

simple preparation manner and excellent actual effect.

The given amounts of DMC and co-catalyst may be added to the reaction at once at
the start of the reaction, but may also be added one after the other at different stages of
the reaction. In this manner it is possible to selectively modify the chain architecture

which may lead to further improved properties.
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The reaction conponents and additives were stored and applied at room
tenperature. After the Pol yol containing conponent (A conponent, see Table
) was prowocetk/izeosas | eft for 20 mnutes to entrain no®CTEN2DTV7€90 r apped
air bubbl es. The added anount of isocyanate was cal cul ated such, that the

i socyanate index anounted to 99.9. The A conponent was m xed with the

i socyanat e fExemp@s dof approppate dikylexe roxidéh échudet butarevast lipoteddad ethgteaean open
moul d with dinmensions of 15*20*0.6 cm3. The nould tenperature amounted to
70C. The Sxifiy rsomdener exidsy ttyfengmxidede nth 2 Hbetiieae okdef1.abutvtane axidegur e.
Subsequently the sanple was post cured for 4 hours 80C. After post cure the
sanpl e WaBeHERR RIate: PobrTREBIRANEXIAGr & SrrRiNteNe PidedCYSIONBXENeMdSr to testi ng

t he sanpl e S it in thre I t ore sl ab haying a thickness of
> - TheSedRR IR Svid Spliivat BT puGOR SR TPy BT st

measur emept,.. &r t i of : : anpl e was cut
with dinme @Flgﬁse%g%r’ tﬂﬁa@%ﬁ@%éﬁ@d%@%@éﬁ%mgBglgg,?gwglﬁoé%. The sanpl e
was put Iesiemardﬁgarﬂ{e PRIPRING A Ah@thylcBfbr ORAB, 6xRRareOBt MixiREs WRdorf i 11 ed with
water approx. 2.5L of water in which the sanple holder with sanple was

pl aced such that the test specinen was fully submerged. The container with
sanpl e was put into an oven at 100C and left for 5 h. Subsequently the
sanpl e waFBrdferdably, hatalkyfenehxideos seketied fivan the Jrhep vanmtanmgrathydensasxidgnt | y

dried using filtration gaper. After having cooled dowmn to roomtenperature
t he sanpl BroRgiepaitoxiges Hétehangeaxiderppr mikerage HiesrofoPagigelarly nyelrasd

cal cul ated using the_ fol |l ow equation: ((n2-m )/ x100% ) The
o o relyicnd Pgpls o T Vea FHocEss SHoelblPaa okt (EDLAMST BlorksTe ¢ han

0.2% are g)i(iggilj,d'))cant. Physi cal testing: The pol yurethane castings were
subm tted™t {he'fol | owi ng nechani cal tests. Property Normdensity |ISO
1183-1, A shore hardness (A) DI N 53505 tensile strength at break DI N 53504
el ongation at break DI N 53504 tear resistance

Usually, the molar ratio of PO:EQ is from 0:100 to 100:0. Preferably, the molar
alkylenoxide (AQ) : co-monomer (cyclic compound) ratio is from 100:0 to 20:80 in

case of cyclic esters, and from 0:100 to 50:50 in case of cyclic anhydrides.

The monomers may be provided at the beginning of the reaction or may be
continuously dosed. The monomers may be added statistically or block-wise. The
monomers may be dosed with varying flow rates (dynamic dosing). The monomers
may, if necessary, also be dissolved in suitable solvents, and then provided at the

beginning as a whole, or alternatively added to the reactor later.

In general, all cyclic ester compounds applicable in the ring-opening
polymerization of the cyclic esters can be used as second monomer (cyclic
compound) according to the present invention. Examples of such lactones include,
but are not limited to, ¢-caprolactone, &-valerolactone, y-butyrolactone,
B-methyl-d-valerolactone and so on. Preferred examples of such lactones are
e-caprolactone, d&-valerolactone, and y-butyrolactone, or mixtures thereof. Most
preferably, e-caprolactone and d-valerolactone are applied as co-monomer for the
present synthesis.

11



| SO 1183-1, A abrassion DIN 53503 Results: WO
2012/ 022048PCT/ CN2010/ 076197 Pol yuret hane casting 1 2 3 4
WO 2012/022048 PCT/CN2010/076197

Examples of cyclic anhydrides which may be used in the copolymerization with
the alkylene oxide include, but are not limited to maleic anhydride, itaconic anhydride,
succinic anhydride and/or substituted derivates thereof, phthalic anhydride,

tetrahydrophthalic anhydride and diglycolic anhydride.

In a preferred embodiment of the invention, the alkylene oxide is copolymerized

together with the cyclic compound in the presence of an initiator.

Initiators containing active hydrogen atoms may be involved in the starting
materials. Preferable initiators according to the present invention include H-acidic
initiators with a functionality ranging from 1-12 H-acidic atoms per molecule, for
example polyoxyethylene polyols, polyoxypropylene polyols, polytetatramethylene
ether glycols, and the like with adequate molecular weight. Initiators with lower
molecular weight are not recommended because they can hardly initiate the
copolymerization. Exorbitant molecular weight results in lower production capability.
The preferred molecular weight of the initiator is between 200 to 2000, particularly
preferred 300 to 1000. If low molecular weight initiators are applied, those initiators
need to be continuously fed into the reactor in order to avoid the deactivation of the

DMC catalyst.

The initiator may, inter alia, be selected from the group containing monols and
polyols.

Preferably, the initiator is selected from the group containing methanol, butanol,
hexanol, heptanol, octanol, decanol, undecanol, dodecanol, tridecanol, tetradecanol,
pentadecanol, xexadecanol, heptadecanol, octadecanol, ethylene glycol, propylene
glycol, diethylene glycol, polyethylene glycol, dipropylene glycol, polypropylene glycol,
1,3-propane diol, 1,4-butane diol, neopentyl glycol, 1,5-pentane diol,
3-methyl-1,5-pentane diol, 1,6-hexane diol, 1,9-nonane diol, 2-methyl-1,8-octane diol,
cyclohexane diol, dichloro hexane dimethanol, glycerine, trimethylol propane,
trimethylol ethane, pentaerythrit, sucrose, saccharose, glucose, fructose, mannose,

12



Pol yol conponent Thorcat 535 Parts by weight 0,7 0,7 0,7 0,7 BYK-080
Parts by weight 0,3 0,3 0,3
WO 2012/022048 PCT/CN2010/076197

sorbitol, dipentaerythrit, tripentaerythrit, polyesters, like polyesters based on
caprolactone or 1,4-butane diole and adipic acid, initiators based on renewable
resources, like fats containing hydroxyl groups, e. g. castor oil, natural oils modified
with hydroxyl groups, like sunflower oil, soybean oil, rapeseed oil, palm oil, and/ or
fatty acid ester containing hydroxyl groups, like hydroxyl alkyl stearate, hydroxyl alkyl
oleate, hydroxyl alkyl linolate, hydroxyl alkyl linoleoate, in particular methyl ester or
ethyl ester of hydroxyl fatty acids, lignin and its salts, like lignin sulfonate,

polysaccharides, like starch, cellulose, guar.

The initiators may be provided at the beginning of the reaction as a whole, or may

be continuosly dosed together with the alkylene oxide(s) and the co-monomer(s).

The copolymerization temperature is preferably between 80 and 220°C, more
preferably between 100-180°C, even more preferably between 100-160°C and
particularly preferred between 130-160 °C.

If the cyclic compound is a cyclic ester, the temperature is usually in the range of
150 to 170 °C; if the cyclic compound is a cyclic anhydride, the temperature usually is
between 120 and 140 °C.

The temperature may also be varied during the process.

If the temperature is too low, the reaction rate might be reduced too much; while
at a too high reaction temperature, the risk of unwanted side reaction significantly

reducing vield will increase.

The copolymerization time depends on the other reaction conditions and can be
determined in orienting experiments. Typically, the reaction time is less than or equal
to 24 hours; preferably, less than or equal to 15 hours; more preferably, less than or

equal to 10 hours.

The pressure during the inventive process usually lies in the range of 2 to 20 bar.
The reaction is usually performed in an inter atmosphere (e. g. under nitrogen or
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0,3 1,4-Butanediol Parts by weight 4,0 4,0 4,0 4,0 Pol yol exanple 4 Parts
by wei ght 95 Pol yol exanple 5 Parts by weight 95
WO 2012/022048 PCT/CN2010/076197

argon).

The reaction may be performed in a batch, semi-batch or continuous manner.
For example, the reactor may be a stirrer vessel or a tube reactor or a cascade of

stirrer vessels.

The presence of the co-catalyst may cause an increased reactivity of the polyol.
Such a behavior can be desired, but in applications where this is not acceptable the
co-catalyst can be removed by addition of water. The co-catalyst will react with the
water and the corresponding oxide is formed. The oxide can then be removed from

the mixture using conventional techniques like filtration.

Optionally, solvents may be used in the inventive process. Preferred solvents are
selected from the group comprising benzene, toluene, xylene, tetrahydrofurane,
1,3-dioxane, 1,4-dioxane, trioxane, dimethylacetoamide, dimethylformamide,

dimethylsulfoxide.

In order to reduce the amount of free alkylene oxide, an after-reaction may be
performed until the pressure in the reactor is constant. Before or during the
after-reaction phase, further catalyst and/ or co-catalyst may optionally be dosed.
Before or during the after-reaction phase, the temperature may optionally be varied,

with respect to the actual reaction temperature.

After the reaction has been finished, the product is usually stripped of volatile
components, e. g. by nitrogen stripping, vacuum stripping, or steam stripping. Usually,

the residual alkylene oxide content of the product after the stripping lies under 50

ppm.

The polyetherester polyol which may be obtained by the inventive process
usually has an OH-number within the range of 10 to 350 mg KOH/ g and a
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Pol yol exanple 7 Parts by wei ght 95 Polyol exanple 6 Parts by wei ght
95
WO 2012/022048 PCT/CN2010/076197

functionality of 1 to 12. Normally, the inventive polyetherester polyol has a molecular
weight of 400 to 20000 g/ mol, a viscosity of 50 to 50000 mPas and a polydispersity of
1.01t01.9.

The polyetherester polyol according to the invention may of course also be
stabilized with any of the stabilizers commonly used for stabilizing polyetherols, e. g.

with substituted phenol derivatives.

Polyetherester polyols made according to the present invention may be reacted
with polyisocyanate, followed by extending the isocyanate-terminated prepolymer
with a chain extender offering polyurethane elastomers. The polyisocyanates may be
selected from the group comprising aliphatic, cycloaliphatic, arylaliphatic and
aromatic isocyanates. Among them, aromatic polyisocyanates are preferred.
Examples of suitable aromatic isocyanates include 2, 4'-, 2,6-isomers of toluene
diisocyanate (TDI), 4,4'-, 2,4' and 2,2'-isomers of diphenylmethane diisocyante (MDI),

or mixtures thereof.

The chain extenders for use in the present invention may be selected from the
group comprising low-molecular polyhydric alcohols known in the art. They include
ethylene glycol, diethylene glycol, 1,4-butanediol, and glycerin, or mixtures of thereof.
It has been surprisingly found that polyurethane elastomers from polyetherester
polyols prepared according to the inventive method using hybrid catalyst systems
exhibit improvements regarding the swelling behavior in water compared to

polyetherester polyols prepared by conventional single DMC-catalyst technology.

The polyetherester polyols obtainable by the inventive process may be used in a
variety of applications. Inter alia, the may be used for the production of polyurethane
(PU) foams, like microcellular foams, flexible foams, formed flexible foams,
viscoelastic foams, rigid foams for construction or insulation applications, or PU
elastomers, thermoplastic polyurethanes (TPU), PU coatings, PU sealants, PU
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adhesives, surfactants, lubricants, dispersants, as macromers for the production of
polymer polyols, as macromers for aqueous polymer dispersions, as macromer for

the production of comb polymers which may be used as concrete liquefiers.

For the further understanding of the invention, the following examples are given

for purpose of illustration only and should not be regarded as limiting in any way.

EXAMPLES

The preparation of polyetherester polyols was carried out in a stainless steel
autoclave with an inner volume of 500 cm® or 5000 cm®, respectively. in ali of the
experiments, comonomer, initialor, and catalyst were first charged into the reactor. By
flushing the reactor with N, the air within the autoclave was replaced. The reactor
was then heated to the desired temperature. After the completion of introduction of
alkylene oxide in a successive manner, the reaction was continued for an additional
several hours. At the end of the reaction, the conversion of the cyclic esters and/or the
cyclic anhydrides was calculated based on the weight of materials and results of GPC
analysis, while identification of the products was performed by FT-IR, "H-NMR and
SC-NMR.

Example 1

The initiator (polyoxypropylene diol, 300 mg KOH/g, 46.7 g), e-caprolactone
monomer (25g), hybrid catalyst (DMC 0.0313 g and Ti(OBu), 0.0188 g) were charged
into a stainless steel autoclave. The reactor was then heated to 160°C in a nitrogen
atmosphere, and propylene oxide (PO, 53.3 g) was successively introduced during 3
hours. The reaction was continued for an extra 2 hours at this temperature. After the
completion of the reaction, a uniform product was obtained. The conversion of
e-caprolactone was 99%, the hydroxyl value was 113.3 mg KOH/g and the structure
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of the product was confirmed to be the desired poly (PO-co-CL) diol by FT-IR,
'H-NMR, and "*C-NMR.

Example 2 (Reference Example)

Analogous to Example 1, except that a conventional single DMC catalyst
(0.0313g) was used instead of the inventive hybrid catalyst. A layered product was
obtained in the end of the reaction and the conversion of e-caprolactone was 99% and

the hydroxyl value was 114.0 mg KOH/g.

Example 3

The initiator (polyoxypropylene triol, 400 mg KOH/g, 504 g), e-caprolactone
monomer (809 g), hybrid catalyst (DMC 1,2 g and Ti(OBu),0.12 g) were charged into
a stainless steel autoclave. The reactor was then heated to 160°C in a nitrogen
atmosphere, and a mixture of propylene oxide (PO, 2100 g) and ethylene oxide (EO:
615 g) was successively introduced during 3 hours. The reaction was continued for
an extra 2 hours at this temperature. After the completion of the reaction, a uniform
product was obtained. The conversion of e-caprolactone was 99%, the hydroxyl value
was 50 mg KOH/ g and the structure of the product was confirmed to be the desired

poly (PO-co-EO-co-CL) triol by FT-IR, "H-NMR, and "*C-NMR.

Example 4

The initiator (polyoxypropylene diol, 250 mg KOH/g, 917.9 g), e-caprolactone
monomer (906.9 g), hybrid catalyst (DMC 1.36 g and Ti(OBu),0.45g) were charged
into a stainless steel autoclave. The reactor was then heated to 160°C in a nitrogen
atmosphere, and propylene oxide (PO, 2707.9 g) was successively introduced during
3 hours. The reaction was continued for an extra 2 hours at this temperature. After the
completion of the reaction, a uniform product was obtained. The conversion of
e-caprolactone was 99%, the hydroxyl value was 51,6 mg KOH/g and the structure of
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the product was confirmed to be the desired poly (PO-co-CL) diol by FT-IR, "H-NMR,
and "*C-NMR.

Example 5 (Reference Example)

Similar to Example 4, except that a conventional single DMC catalyst (1.36 g)
was used instead of an inventive hybrid catalyst. A layered product was obtained in
the end of the reaction and the conversion of e-caprolactone was 99% and the

hydroxyl value was 50.2 mg KOH/g.

Example 6

The initiator (polyoxypropylene diol, 250 mg KOH/g, 897 g), phthalic anhydride
monomer (PA: 593q), hybrid catalyst (DMC 1.67 g and Ti(OBu); 0.49 g) were
charged into a stainless steel autoclave. The reactor was then heated to 130°C in a
nitrogen atmosphere, and the propylene oxide (PO, 3426 g) was successively
introduced during 3 hours. The reaction was continued for an extra 2 hours at this
temperature. After the completion of the reaction, a uniform and clear product was
obtained. The conversion of phthalic anhydride was 99%, the hydroxyl value was
46.8 mg KOH/g and the structure of the product was confirmed to be the desired poly
(PO-co-PA) diol by FT-IR, "H-NMR, and "*C-NMR.

Example 7 (Reference Example)

Similar to Example 6, except that a conventional single DMC catalyst (1.23 g)
was used instead of an inventive hybrid catalyst. A turbid product was obtained in the
end of the reaction and the conversion of phthalic anhydride was 99%, and the

hydroxyl value was 46.1 mg KOH/g.
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Polyurethane Elastomers prepared from the inventive polyetherester polyols

Method to produce the polyurethane samples:

A) Materials used:

Byk 080 Defoamer, Byk GmbH, Wesel, Germany

Thorcat 535 Mercury based catalyst, Thor Chemie, Speyer, Germany

1,4 Butanediol Chain extender, BASF SE, Ludwigshafen, Germany
Isocyanate A mixture of Lupranat® MP102 and Lupranat® MM103,

obtainable from BASF SE, at a weight ratio of 1/1. Lupranat®
MP102 is a prepolymer based on 4,4’'MDI and a glycol mixture
with an NCO value of 23,0%. Lupranat® MM103 is a
carbodiimide-modified 4,4’ MDI with an NCO value of 29,5%.

The mixture has an NCO value of 26,2%.

B) Method to produce the polyurethane samples:

The reaction components and additives were stored and applied at room temperature.
After the Polyol containing component (A component, see Table ) was produced it
was left for 20 minutes to entrain most of the entrapped air bubbles. The added
amount of isocyanate was calculated such, that the isocyanate index amounted to
99.9. The A component was mixed with the isocyanate for 60s in a speed Mixer. The
mixture was poured into an open mould with dimensions of 15*20*0.6 cm”3. The
mould temperature amounted to 70°C. The sample was removed from the mould
after half an hour of cure. Subsequently the sample was post cured for 4 hours 80°C.
After post cure the sample was stored at room temperature for at least a day. Prior to
testing the sample was split into three slabs, the core slab having a thickness of 2 mm.

The core slab was submitted to physical testing.

Swelling measurement:
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From the core slab with a thickness of 2 mm a sample was cut with dimensions of
4x4cm”2 and its mass (m1) was determined. The sample was put into a metal sample
holder. An open top container was filled with water approx. 2.5L of water in which the
sample holder with sample was placed such that the test specimen was fully
submerged. The container with sample was put into an oven at 100°C and left for 5 h.
Subsequently the sample was taken out of the hot water bath. The warm sample was
gently dried using filtration paper. After having cooled down to room temperature the
sample weight was determined (m2). The degree of swelling was calculated using the
following equation:

((m2-m1)/m1)x100%))

The experimental error is less than 0.1%; measured differences of more than 0.2%

are significant.

Physical testing:

The polyurethane castings were submitted to the following mechanical tests.

Property Norm

density ISO 1183-1, A
shore hardness (A) DIN 53505
tensile strength at break DIN 53504
elongation at break DIN 53504
tear resistance ISO 1183-1, A
abrassion DIN 53503
Results:
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1,6 In summary, the experinental results show that although the nechanical
properties are largely the sane there is a marked i nprovenent in swelling
behavi or wo 2ovd2203g wat er when t he pol yol is produced i rCTleN2progsernce of a
hybrid catalyst. Cains 1. A process for the synthesis of polyetherester
pol yol s by copolynerizing at | east one al kyl ene oxide with carbon di oxide

and/ ohairetheastasiimg cycli ¢ conpound df the general2 forpul a3 wheérein X i|s
selecfed fromthe group conprising C=Q, CRIR?, [wherein Rl and R? are
i ndeppieieohepmpgeetict ed fromthe group lconprising H alkyl, aryl | and
wher e|Thoreat 835se| ect ed fr om|PaES By weightdonpi’si ng - (ER3IR4) m 0.7 ( CR5= 1,
wher e|BYK08hd B are i ndependans bYywaightrloge.3 metlhyl Bde of a0 - | 1008
al i ph :il'ﬁ4'BUt@PﬁﬁjQ{|md, ar whed F2AS @’WQ!QN CR7E® ]-d-1\ AFP / 4,0 4,0
Polyol example 4 Parts by weight 95 T
Polyol example 5 Parts by weight 95
Polyol example 7 Parts by weight 95
Polyol example 6 Parts by weight 95
Visual appearance of casting transparent | transparent |transparent|transparent
open time min 5,00 5,15 5,30 5,30
Mechanical properties
density g/cm”3 1,084 1,088 1,107 1,107
shore hardness (A) MPa 49 54 51 48
tensile strength at break MPa 18 19 21 18
elongation at break % 730 650 730 840
tear resistance kN/m 12 7 12 11
abrassion mm*3 254 176 330 374
Swelling properties
degree of swelling % 2,2 1,8 2,1 1,6

In summary, the experimental results show that although the mechanical properties

are largely the same there is a marked improvement in swelling behavior in boiling

water when the polyol is produced in the presence of a hybrid catalyst.
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and B is a bond, and wherein D and E are independently hydrogen or a d -
C100 ali phatic conmpound, or wherein Dis ([ CRO=ORi O I: \I and Eis a
bond, andwoireraizeoss and G are i ndependently hydrogen or PaT&N20t0/06®3ent ,
wherein mis an integer in the range fromO to 5, and wherein n is an
integer in the range fromO to 5, and wherein R3 and R4 are independently
sel ect ed Ciaimst he group conpri sing hydrogen, nethyl ene, alkyl, aryl,
wherein R5 and R6 are independently selected fromthe group conprising
hydr ogen, 1aflpypcessr far, tharay niltrai®ioh pelygihergstar pajyols hynernodimbsiingyatar e
integers in the range fromQ to 5 and wherein R7, R8, R9, RlO are

i ndependelfepionsalisdgnsoideomit FRIbgh SQb'dE@Hﬁ/r?rsqtr'@Sh% expdncompPeYnd ofary| | in
t he presepce of ﬁ? I erast one initiator and at | east one hybrid catal yst. 2.
A process ScEordl g8 claim 1, wherein X is C=0. 3. A process according to
claim2, wherein Y is selected fromthe)group conprising: -(CR3R4)m,
wherein m= 2, -(CR5=CR6)n-, wherein n_||: 1, , wherein o and p are each O

and A and B are /O \
X

Y

NS

wherein X is selected from the group comprising C=0, CR1R2, wherein R1 and R2

are independently selected from the group comprising H, alkyl, aryl,

and wherein Y is selected from the group comprising —-(CR3R4)m-, -(CR5=CR6)n-,

wherein A and B are independently hydrogen, methylene or a C2 - C100 aliphatic

[ CR7R8 ] ™\
a |
Y

compound, or wherein A is —” and B is a bond,

and wherein D and E are independently hydrogen ora C1 - C100 aliphatic compound,

[ CR9=CR10 :|\\
t |

/
or wherein D is ~  and Eis a bond,

and wherein F and G are independently hydrogen or are not present,

wherein m is an integer in the range from 0 to 5, and wherein n is an integer in the
range from 0 to 5,
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I ndependently selected fromthe group conprising Cl6 aliphatic conpounds,
Cl18 aliphatic conpounds, or wherein Ais and Bis a b 4 and R7 and R8 are
each hydrwgen12/22@R7R8] ---\ al / _. ond, wherein q = PCTIMNRDBYOT6M97and S
are each 0, Dand E are ([ CRO=CRio |]"--\ t1 / each hydrogen or wherein D
Is and R9 and R10 are each hydrogen. and E is a bond, whereint = 2

and wherein R3 and R4 are independently selected from the group comprising

hydrogen, methylene, alkyl, aryl,

wherein R5 and R6 are independently selected from the group comprising hydrogen,

alkyl, aryl,

and wherein o, p, q, 1, s, t independently are integers in the range from 0 to 5,

and wherein R7, R8, R9, R10 are independently selected from the group comprising

hydrogen, alkyl, aryl,

in the presence of at least one initiator and at least one hybrid catalyst.

2. A process according to claim 1, wherein X is C=0.

3. A process according to claim 2, wherein Y is selected from the group comprising:
—(CR3R4)m-, wherein m = 2,
-(CR5=CR®6)n-, wherein n = 1,

, wherein o0 and p are each 0 and A and B are

independently selected from the group comprising C16 aliphatic compounds, C18

[CR7R8 ] -
a |
/
aliphatic compounds, or wherein Ais and Bisab -~ ond, wherein q =
4 and R7 and R8 are each hydrogen,
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4. A process according to claim3, wherein Yis , wherein o and p are each
O, Ais hydrogen and B is nethylene, or wherein Ais nethylene and B is
hydr ogen,weandi2m2erei n F i s hydrogen if A is hydrogen, amdTwiNen®iolcP7is not
present if Ais nethylene, and wherein Gis hydrogen if B is hydrogen, and
wherein Gis not present if Bis nethylene. 5. A process according to any
of the preceding x| ains,_wherlein X is CRIR2. 6. A process according to

claimb5, wherein each hydrogen, and wherein Y is -(CR3R4) m,
wherein mig 3 .5, and R3 a R4qare each hydrogen. 7. A process
according*ﬁ%‘éﬁy of the precedin ‘&Iains, wherein said hybrid catal yst

I

conprises at ast one double netal cygpiHs, FQHJPE%% gg&%,y@tamg?\gtgﬁcat al yst)
I ng

and at | east one co-catalyst. 8. A process accor to any o e
preceding clains, wherein said cp-catalysy is selected fromthe group
conpri sing conmpounds catal yzi ng FQR%FCR@}\H\OH and/ or transesterification
reactions. 9. A process accor@mng to an 9f the preceding clainms, wherein
said co-catalyst is selected fr the group”conprd sing Lew, s acjds,
organo-ti fi¢ 'ﬁ/yrﬁjéggﬂnaqrg@,er?'ri‘ g)a'ﬁi um conpounds, r?g{?jaér 'S4 E%fﬁﬁ’ggfe”b{??oxi des
cont ai ni ngnd@ROENGRMO dré ebtuhydrbgérani um and | ant hani des. 10. A process
according to any of the preceding clains, wherein said co-catalyst is
selected fromthe group conprising titanium al koxides. 11. A process
according to any of the preceding clains, wherein the DMC catal yst is
present i fi- ARrogARLUFRCONGIOCRIMGHWNERA Yher eas the co-catal yst is present
in an anmount of 1 to 1000 ppm each with respect to the total nmass of the
final product. A2. HybrBd catal yst, as defined in any of clainms 7 to 11.
13. Use of a [ , as defined in any of claims 7 to 11, in a
process for theé of polyetherester polyols. 14. Polyetherester
I ss according to any of clains 1 to 11. 15.
Use of poly riest er pollygj SPaccording to claim 14, in polyurethane
formul ati ons or as surfactafts, divispeinoanidp e ehctbd i A ainthgdrogemsndrBCr oner s
for the preparation of polynmer-filled polyols, or in unsaturated

pol yest er issigthglemer esiwhe(dilSH i arathyllericl amd B is hydrogen, and wherein F is

hydrogen if A is hydrogen, and wherein F is not present if Ais methylene, and wherein

G is hydrogen if B is hydrogen, and wherein G is not present if B is methylene.

5. A process according to any of the preceding claims, wherein X is CR1R2.

6. A process according to claim 5, wherein R1 and R2 are each hydrogen, and

wherein Y is —-(CR3R4)m-, wherein mis 3 or 5, and R3 and R4 are each hydrogen.

7. A process according to any of the preceding claims, wherein said hybrid catalyst
comprises at least one double metal cyanide complex catalyst (DMC catalyst) and at

least one co-catalyst.
8. A process according to any of the preceding claims, wherein said co-catalyst is
selected from the group comprising compounds catalyzing esterification and/ or

transesterification reactions.
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9. A process according to any of the preceding claims, wherein said co-catalyst is
selected from the group comprising Lewis acids, organo-tin carboxylates, titanium
compounds, metal alkoxides, aryloxides containing aluminum, lithium, titanium and

lanthanides.

10. A process according to any of the preceding claims, wherein said co-catalyst is

selected from the group comprising titanium alkoxides.

11. A process according to any of the preceding claims, wherein the DMC catalyst is
present in an amount of 5 to 2000 ppm, whereas the co-catalyst is present in an

amount of 1 to 1000 ppm, each with respect to the total mass of the final product.

12. Hybrid catalyst, as defined in any of claims 7 to 11.

13. Use of a hybrid catalyst, as defined in any of claims 7 to 11, in a process for the

production of polyetherester polyols.

14. Polyetherester polyol, obtainable by the process according to any of claims 1 to

1.

15. Use of polyetherester polyols according to claim 14, in polyurethane
formulations or as surfactants, dispersants or lubricants or as macromers for the
preparation of polymer-filled polyols, or in unsaturated polyester-styrene resin (USP)

formulations.
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