Process for the preparation of polyetherester polyols Field of the

| nventi on The present invention relates to the preparation of

pol yet her egbabizmeloy®l s. I n particular, the invention dipgal@aes/tde7
use of novel hybrid catalysts for making uniform pol yet herester

pol yol s by copol yneri zati on of at |east one al kyl ene oxide with
certain cyclic conpPurdss foFhiee plepiareidnpd byeleredérepolpabyol s are
useful inter alia for synthesizing novel polyurethane materials, in
parti cul ar pol yuret hane el astonmers. Background of the invention
General ly, et hanes are nulti-block polynmers, usually consisting
of soft segﬁagfgtaﬁi'?‘ie\'? 8"from pol yol s, and hard segnents arising from

| socyanat es anthebeniSlsndieeRacl e oRRKAS BBIRALEMACANRL i ©

the majority ation welg i na erties o

pol yur et hapsi M6 inve®ioR disdlo86d e 464 STrdVE BGlorycatdMtrel vaisy uniform
Therefore, nmuch attention has been paid to the polyol manufacture. A
great pol ypblyetberesteypatats Hyecopsigohetizatibn bt at l¢dstonpalkenetovdn avith cbgaier i ¢
architecture, and the nost w dely enpl oyed pol yols are [Pol yet her and

pol yest er pUligsPgPoMslReVEp, deiffey R tisreriicRriss & huRBHr NS HBNEY | t s
dh lim.ted. | i ' [ fields F | | t hough
pol yer her BRUG A58 AP SPNH B R ae ftDies s A afsigels

hydrol ysis, they suffer from poor strength properties and heat
resistance. In contrast with these, polyester based pol yurethanes
show good peeckoiedbt penfiwntence and heat stability, however, the
susceptibility to hydrolysis is a primary problemrequiring sol ution.
To integrate ressalyi payurethanes aiadnulie-biody poli@erse spuatly icoesisting of soft

di sadvant ages ori gi na%jiﬁrr:)gtfromthe conventi onal ﬁol et her and

pol yest er PRATYRNS ICTHEE OBt REYOI% RN IATd Seo RIS GEENG FRMLsARAgates and

pol yet here I j i i .est 2Nt | d
xpoct ed ¢ 5 RIsRE Beafe e Bl B5 b0 RBLERLwE TRy rng KR

pol yet her QeigROUNLHT® bropeHi¥® LB polfHEMBRY PRUGsts bREIaRRIYYREGMIRIB the
pol yol s coul d be used alone, or 1n conbination with the conventional
pol yol s f opolpas.ylineetfdrareugir aittntdn loas, beeh eaigftotre mohtob manufgcttitee Agodaj ol
sour ce. Si mpl e bl endi ng of a pol yether and a pol %,est er is not an
opti on for PRIBI\YPARYY cofebeEsrd terheld hregshveraihangpslymerie gedhitecture, and the
inconpatibility.in nature. To date variaqus synthetic,routes for the
bropar at | offoBYWide PRPRYTT TR e keEand SRy BTIE" ool HERRV YRR .
Some repre i ki r L f oLl NS 1P
catal yi1 o Bl B SR e e e B e P Rt ong
doubl e net akangyiénaitheugopplyeked bhMad pay@biabes baiibieyasmlseibiiBeaghitst
Pat. No. 6,753,402; (2) Polyether reacts with dicarboxylic acid or
anhydri de Wydrblysisigheyi stffef fram peerstrangts atapetties end bedt ngdisiansat Intdeatrast
insertion of anggdri de into car bon-oxggen bonds of gol et her, as

di scl osed N fhesS: Relyestefpaseq pelyyretasies Bhoysgooghmechanigalegiggnanss ang 3)

Anhydri de f{] . 1 i f gt I ter
ol yol . 1 o P ek etttk flsGeptbiin) hRrERsis I FhiFiat BLBhfIhiThe
exanpl e segoMioa. Pat. No. 6, 569, 352; (4) Copol ynerization of 002,

al kyl ene oxide, initiator, for exanple see U S. Pat. Application
20080021154; (o) infsgpaid yraepecthat ingsitsofandeydty dbe raspegtiendisadvaitagesd
al cohol initiator, as described in U S. Patent Application No.
20070265367igiralingyrom Shevepayentionall palypthenand odester colyelachath ieiher apd,
and Properties. of Novel Polyetherester Polyols and .lgeve! 0 eql

Pol yur et haf&g"in a%&ﬁP"‘ﬁB‘f’&?rﬁ‘/@é © erf@'ﬁ‘,"sﬁ%?!&f?&’"lgé ’f’f.fe%)%) YRES¥t i on
of hydroxy - I.nJ : i I

pol year bogie e P4Res LA eH Al PARE BOaliofif (e ph R fer o

transester bbl?@élér@&ly@[%. F‘.Qﬁféﬁﬁ@@ﬂthb RoletRereERE A olL BRI bdedraldie, or in
20060211830. In addition, polyetheresters can be produced by the
combination with the conventional polyols for polyurethane production, therefore

extending the polyol source.



an initiator using a conventional single DMC conplex as catal yst The
met hod of the present invention involves the use of a novel hybrid
cat al yst, wohstimg ng DMC al one to i npl enent the synt lregveN20ibles19ew
hybrid catal yst according to the present invention conprises at | east
one DMC catal yst and at | east one co-catal yst. The pol yetherester

pol yol s obt aiSireple bleptioy oha pélpaherandla golesiediscat @l grgion éoclsolying the

advant ages i n _performance over their counterparts made using solely a
DVC cat al y§tentienegd @spbigms, dpg o their Bgeppaiidiliy ippatgest. yo fadenarevepadieleer s,

001 Yol 5 hIRSHGETP BiehAHRr 9ot ol RO B Al Ry BB Mg proposed.
advant ageodghy Hse&bntdivd Hﬁt%ﬁ&}d&i%ﬁr‘é@uﬂﬁna‘ﬁ‘}e@% HOHERS: EREBiy 18 QAU

pol yur et hane el astoners. Detalled description of the I'nvention
The pr esenbf alkyaiztdxizas prio\Hoeste ApdNILlsinydyubR resthiadyxiside vémsiék (DMC)
acconpl i shes the synthesis of uniform pol yetherester polyols by
copol yner i gatelysinfooexamnity bemié SoRald¥o( 4,7 93402nt) detyethearedcts ywithi ¢
conmpounds and/ or, carbon di as defined in the

_ | _ oxi de %coT nononeé%%, )
cl ai s, fﬁP'G%r;PSWFéC'E%P'P'B’dE‘%% wifhthe @id ¢ diffe : BFfelsts fodepledent Whd/ or
Aecor di g TEeiOF Buantlnile g cRALL 6RIRRLL A BbofBner e b Fre ny s Par

catal yst cRgss sigod 5absbeRshd 8886 P0H;NBY AhhG@idR!fiYst feactsWilP@did! tdrBindsn @
DMC conpl ex, and at | east one co-catalyst. The object of the present

i nventi on intersediategpopeseesdydl.dolldwee byyind feastion vaith gpcikoeyhitgagiest; for
pol yol s by copol ynerizing at | east one al kyl ene oxide with carbon

di oxi de an@¥erele see Vagat. Jad E9ABRC4L GrpRiTTRIiZaTon ¢ Yerlisiene Pistenul a
Wher oi n R1 SRR SER R L SUEAT PP carisca Ba0FTem: THE prbtisrisaton o
Commr 1 el Y BRI Rl oSt Vsl ABl g gy
and wher ei No/2(70285387 @nd BEBPENdREl 3 ifMBYRBeas Charichyizam, &fd a 02 -
0100 aliphatic conmpound, or wherein Ais [ CR7/TR8 ]"-- \
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, polvetheresters 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 extracrdinarily 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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gli --'" and Bis a bond, and wherein D and E are independently
hydrogen or a O -0100 aliphatic conpound, t1 / or wherein D isand E
is a bond,wardivhsugi n F and G are i ndependent|y hydr ogemr/anzonresiont
present, wherein mis an integer in the range from0O to 5, and
wherein n is an integer in the range fromO to 5, and wherein R3 and

R4 ar e i ndepgolsleReckyt imetosementsfrrmapatrhﬁa/egnejhlqmodngmhairesrmaq;a Bidr cadpdyst
net hyl ene, al kyl, aryl, wherein R5 and R6 are independently sel ected

fromthe gf’b‘&b"@bﬁ‘rﬁ‘?rﬁ@Wﬁ@rW?ﬂ‘ﬂme@Pf@ﬂUfe aryl, and wherein o, p, q,

r, s, t independently are integers in the range from0O to 5, and
wherein R7, R8, R9, R10 are independently selected fromthe group

conpri si ngTﬁou %’ﬂYI@@QQpro%é‘T{lér%eﬁﬁydlous fﬁtﬁ@@op&i Egt%no(ﬁraﬂﬁac!kggﬁﬂ one

initiator and "at [ east one rid cata objects o t he
present i negist F@fexamgleaih%@ataryet ib hm_ﬂéﬁed\b@_tl’ﬁ'a/&fsbdlaﬁrﬁitabbﬁﬁé prodgctélef i ned
in the clains, and the use of the inventive hybrid catal yst, as
defi ned i nobtaiwed bigmare tirhidar myered sSudhmrodusts gue pdovpétent befause the
pol yet herest er pol yol s
inhomogeneity not only affects the appearance, but also damages the performance of
final polyurethane materials (see Example 5 below). If 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 polyocls. 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 io 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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Fut hernore, a pol yetherester polyol, obtainable by the inventive
process, and the use of said polyetherester polyols, in polyurethane
formul ati ows 201r2/0am4sur f act ants, di spersants or | ubri camcarez0a876197
macronmers for the preparation of polyner-filled polyols, or in

unsat urated pol yester-styrene resin (USP) formnul ati ons, are al so

obj ect s of ab indtigresiegts convamtivnad single MMC poreflex aechtayd.ottiemeethowbdf thdre

I nvention, X is C=0. In another preferred enbodi nent of the

i nvent i on, PYespRliRvenianiapives 8if skl g penshn\brasataYpngHbstitLfingr e pigne to

wherelnln-2 CR5=CR6) n-, wher ei.n =1,E.+ H22 . .

" ener oi n Beigher YR SRR, Doty HOURGPavstFscT R b TRy RN ed

fromthe %&Hﬁns‘é@g%éé'oﬂg Dg@céaélx&%ﬂﬁ 'aFle%é% o cAeia gétalggl‘?hecﬁcﬁg'f@hérestér

al i phati ¢ conpounds, whereln sand wher e

and R7 andpH$olabbtapag bmbwduhgmovel\mba@éa&éww%n a@vahiges in
performance over their counterparts made using solely a DMC catalyst, especially in
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 dicxide (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 copclymerizing at least one alkylene oxide with carbon

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

/N

X Y

NS



PCT/ CN2010/ 076197 C- H2 a, whereinr and s are each 0, D
and E are In a particularly preferred enbodi ment of the
I nvent i on, wi 20R2/022048 PCT/CN2010/076197

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-,

G D — E
* g ek

, and .

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

[ CRTRS ] ™\
( @ )
/
compound, or wherein A is =7 and B is a bond,

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

[CR9=CR1O];~\I
s
or wherein D is and E is 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, r, 8, t independently are integers in the range from 0 to 5,

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



, Wherein o and p are each 0, Ais hydrogen and B is nethyl ene, or
wherein Ais nethylene and B is hydrogen, and wherein F is hydrogen
if A is hywoagemzzand wherein F is not present if A is pratdN2bevesioand
wherein Gis hydrogen if B is hydrogen, and wherein Gis not present
if Bis nmethylene. In another preferred enbodi nent of the invention,
X i's CRLR2hydrogem, plltylt arglul arly preferred enbodi nent of the invention
Rl and R2 are each hydrogen, and Y is -(CRBR4)m, and mis 3 or 5,
and R3 and R4 are each hydrogen. In a preferred enbodi nent of the

[ [ he hybrid ..\ ' J doubl
ot al cyant derCORBIET R A1 bex T bR gUpyS She el R one

co-catalyst. In an enbodi nent of the inventive process, one al kyl ene
oxide is used. In another enbodi nent of the inventive process, one
cyclic compound is used. |In another enbodi nent of the inventive
process, one initiator is used. In another enbodi nent of the

i nventive pudiessbjectsnef thy présgniciaverntipetarg alsadkel inveniiva hybed cetalyat, as
enbodi ment of the inventive process, the hybrid catalyst consists of

one DMC caféfingdin Hiscrlaims, anddbe ysreolipe iyenlivedwbriq crtalis edelippe i ed
nbodi t t I i , i d | yst i st f
oToodt ent g B LA BT VBRI YL, con 3 ¢

. . U ahd "one "co- : preferred
embodi ment F@tfhemﬁe,lW&Hev&té?rpeﬁ;s@&tamﬁt% @'mélir@eﬁt%qelra/cggs,%ﬂ@meﬁs@ of
one DMC catal yst and one co-catal yst. or the present invention,

t he DMC cabhlsyidt potysthdrestsry polpgs,i e golpyrethiané Uernafatigenar add wulaobants,

nmet hods, usually by conbi ni ng aqueous solutions of a netal salt and
met al cyanpigeersants orlyprichets pr aseagemers fetheprgagipion af galiiaerlet epkyela,
precipitate of a compound. Al t hqu it is possible to .use I
Pypes of - DI das AR SRS RSO Pota L doiidiogs, aff 0 Bas3R o be. 7
and N -Zn MGt al ysts, or mixtures thereof, a Co-Zn based DMC
cat al yst mﬁ%%ﬁqﬁas ﬁﬁg general formula Zn3[Co(CN)6]2 is preferably
adopted for the present process. For exanple, Co-Zn, Fe-Zn, and/ or

Ni - Zn- based doubl e netal cyani de conplex catal ysts may be used as DMC
catal yst. Preferably, zinc hexacyanocobaltate catal ysts as descri bed
for exanple in EP 1 916 273 Al, US 3 404 109, US 3 427 256, US 3 427
334, US 3 Meypretpsred ggibgdigegt ojge inventigngis @49 US 4 472 560, US 4 477
589, US 5 158 922, US 5 470 813, US 5 482 908, US 5 545 601, EP 0 700
949, EP 0 743 093, EP 0 761 708; WD 97/40086, WD 98/16310, WD

00/ 47649 andaddthét dréferdd 2riBRMIRSt P @k inventible YOMscRpica! toph thes gkbbpal |y
present in the hybrid catal yst of the present invention in an anount
wi t hin t hecoaprggthgof from5 to 2000 ppm based on the nmass of

pol yet herester polyols fornmed, nore preferably from20 to 250 ppm
based on théoﬁﬁgéﬁ@fwb@PVéﬁﬁérester pol yol s formed, and nost
preferably fraon to 150 ppm based on the mass of polyetherester

pol yol s foﬁﬁ&ggbggnymV¥9%5§Uhed that the function of the co-catalyst
in the hybrid catalyst is to favor the ring-opening of certain cyclic
conmpounds, like c¥clic e§ters and/ or cyclic anhydrides, and to
facilitate ther Gon into the copol yner chain. The

co- cat al yst y d ffomthe group of condensation catalysts.
Conpounds anggy ing estefi®i ion or transesterification reactions

are suitable a 2co-catalyst%g

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

independently selected from the group comprising C16 aliphatic compounds, C18

[ CRTRB } ™\
q |
Q ,
aliphatic compounds, or wherein Ais =7 and Bis abond, whereinq =
4 and R7 and R8 are each hydrogen,



Inter alia, the co-catalyst may be selected fromthe group conprising
Lew s acids, organo-tin carboxylates, titanium vanadi um and hafni um
conpounds,wortalzakkoxi des, aryl oxi des cont ai ni ng al umpargN2biotohéiam
titanium and | ant hani des. Anong them preferable catalysts are

titani um conpounds, organo-tin carboxylates, netal al koxides. The
nost preferable abe titanium Eorrpounds with the general formula

Ti(OR) 4, in which f group with 1-4 carbon atons.

Represent at i |l es of th ounds include, but are not limted
to, tetraeth}l'Ctltanate tetrai séq_byl titanate, and tetratert-butyl
titanate, or m ftures thereof. The co- ahkalinSind@yreaks00 0B af¢Eedrect ed

fromthe group of titanium zirconium or haf ni um conposi ti ons,
preferably a titaniumor zirconi c tion, said conposition
being a conpl ex of at |east one kct ed fromthe group
consisting of titanium zi rconlgr d haf m and an acetoacetate

ester in W@a&fhyﬁlft@e%PﬂﬁerémtD@ Zr OT FWanEEnﬁﬁ@anﬁ%b&ﬁrﬁt£§tef
is in the ran 10 and sald acet oacetate ester is an

ester of aﬁ”daﬁgéﬂ‘?)mQéfﬁ%ﬁcﬂlhﬁﬂoﬁeﬁo 6 carbon atoms, as described
inter alia in W 00/02941. The co-catal yst may al so be sel el ected
fromthe group containing conpositions conprising an organic conpound
derived from garfi@ily peéfe@@dﬂbdd\éﬁerﬂtafﬁ@%@ﬁfdrpw@ 9 Table of

El enments, sai d organi ¢ conpound being a netal carboxylate or netal

al koxi de or a cheélate cofplex with the netal as central atom and at

| east one pol ygen ‘at e li‘gand, as described inter alia in W 97/
17388. Pr ef er ghl: atalyst is selected fromthe group
conpri sing {-ie-\r[t— flum al kox —+ The ratio of DMC to second cat al yst
(D Sratio) ié$l, Aot her i ant factor of the present invention,
apart fromthe conposition of the hybrid catalyst. H gher DD S ratios
soneti mes deherein ¢ esdiptace awmihf @rim ip biygrepdreans Bas metilyleob.sor ilenein ADE S
ratio are al so sonetinmes not appropriate, and may have a negative

i mpact on BGRYEREERE Bt Prireqanased W%fl 8. hyE’Jé?tSﬁF lifyA ig hwéd"mrz and
catalyst is an unt 2000 wher.eas. t he

co- cat al ys{”h-grs‘?'”pr'%é‘%" esefit AR “ﬂVn‘%”eo?”“(fWhefe'T&ggm’bdr?ﬁe”e*g% hyregen.
respect toatd\@hdreinad is'Hd® sreQént fiffteis dAdllenkr 0duct . Preferably, the DMC
catalyst is present in an anount of 20 to 250 ppm whereas the
co-catalyst is present in an anount of 1 to 100 ppm each with
respect to the total mass of the final product. Mre preferably, the
DMC catal yst is present in an anount of 50 to 150 ppm whereas the

co-catalyst is n a u each with respect
to the tot ar}?ﬂ% E‘??rﬁQ(?”?qoagie"b?ﬁE%@f’e”t'on )ﬂ‘? FE‘U%'I d catal yst can be
prepared in different ways such as inpregnation, co-precipitation,
physically m xing and so on. Physical mxing of the DMC and second
cat al yst t o Dfdrfdubrig phatérd b riistfdithers bf the inRE@ioR! RPAY RS 8@ dabh hitRogen,
present invention due to its sinple preparation manner and exce | ent
actual effendY is—(CRGB4pn-vand miodint 5 aofl ROMOdd&Rdare eachaharoged. may be
added to the reaction at once at the start of the reaction, but may
al so be added one after the other at different stages of the
reaction. his nner.. pssible to s th
chain ar chitsReliFeT AEHirieg; STEROEUNE Braches Tty Bauiapplsdset
Exarmpl es _ofeadPpiomiioi fofl EiiRGcR e e bile, ca%st)am AQbadt ikt ed
to ethyl ene oxide, propylene oxide, buty ene oxid

2, 3-but yl epscaiyete, 1, 2-butyl ene oxide), pentene OXIde (e g.

1, 2- pent ene oxi de, 2, 3-pentene oxide), cycl ohexene oxide, glycidyl
ether, glycidyl-(nmeth)crylate, ally' glycidyl ether, phenyl glycidyl
et her, phenyl egC|dyI et her, butadi ene nonoxi de, hexane oxi de,
stryrene o¥ideemigdipérof e "é’ﬁf‘%‘ﬁ’l %?‘iﬂ%?d?”?r?@‘yleﬁ\?'@ﬁp%lﬁ ysedci d

In another embodiment of the inventive process, one cyclic compound is used.




Initiators containing active hydrogen atons may be involved in the
starting materials. Preferable initiators according to the present

i nventi on wocbisgels acidic initiators with a functi onaladrycNangeg?
from1-12 H acidic atonms per nol ecule, for exanple pol yoxyethyl ene
pol yol s, pol yoxypropyl ene pol yols, polytetatramnethyl ene ether

gl ycol s, afdardtfer kmbedimiettofdtteiquaties pobesube initietogistused.ni tiators with
| ower nDIecuIar wei ght are not recomended because they can hardly
initiate tHeanodsRRedimeatfdie inmsadyePoseRs. arst bl sptalelighieds esul ts in
| ower production capability. The preferred nol ecul ar wei ght of the
initiator is between 200 to 2000, particularly preferred 300 to 1000.
{1 ow ol GEulbRter Qﬂﬁoduﬂéﬁt'oﬁlﬁr]ﬁvéﬁl@e BREbLLthe 8RS Balalibt dALRRrNeed

to be contlnuou Into the reactor 1 n order to av

deactivati ene on&ml%@aﬁ@ésyshe co-cataljdte initiator may, [ nt er alia,
be selected fromthe group containing nonols and pol yol s.

Pr ef er abl y)n &hethémprefextedr einbodimbricofethef ingentive eprgeess,p theohitbaid ngatayst
nmet hanol , butanol, hexanol, heptanol, octanol, decanol, undecanol,
dodecanol , SersisiRelahsast qr@tﬁ“é@léﬁ‘é%tla”dﬁ@ﬁtca‘d‘é@!élﬁbl xexadecanol

hept adecanPn ngtﬁ%rag% ea}lqe%l ﬁmﬁ&j’%tlar%ngf y‘fweﬁtlvg B esgng“ g %1%8' ¢atalyst

di ethylene’'g yco yet ene gl ycol, dlpro ene

pol ypropy! e&es.s&l Mle,mﬂc %taya%e%nélbekataﬂysﬂ but ane ol neopenty|
glycol, 1,5-pentane diol, 3-nmethyl-1,5-péntane diol, 1, 6- hexane di d,
1, 9-nonane diol, 2- nethyl 1, 8- octane di ol , cyclohexane di ol , di chl oro
hexane dinethanol, glycerine, trimethylol propane, trinethylol

et hane, pentaerythrit, sucrose, saccharose, glucose fructose
mannose, sor

t t
li ke pol yest Pg%ﬁégﬁﬁngﬂ %5% @Mbﬁ@ rIP%Qﬂ ﬂ%£398§ ﬁ8 Sg?plc
acid, init P@rlié?élﬁz @%ﬁ%e%d% %ﬁ%@yeco%ﬁﬂ% a(aﬁé?usl do r§ | e% n\‘/?mé%%\hsﬁltgh@g

hydr oxyl groups . g. castor or'l, nat

hydr oxyl gﬁetwsyanhdeleensrumé Ipfssencedflan obginRERBN@id fornk ap%‘é@)ﬂﬂe@i‘é oM@l m
oil, and/ or fatty acid ester containing hydroxyl groups, |ike
hydroxyl akéypowtedithatgh it sydssiklplio adekall typdsed OHIC batalysix yhovanl frop the

| i nol ate, hydroxyl alkyl_ linoleoate, in particular nmethyl ester or
ethyl est eP”Qf@"WB'? B (P-Zneltd-¢gnAAA A% Zn ppgsd DMG ratalvets. %Wf@f%lth%of a

I I ke st

a1 SO PR ARSI o W BBl SPHER S0 B
whol e, or g@Mﬁmepgﬁﬁﬁaggﬁyﬁmg@sed together with the al kyl ene

oxi de(s) and the co-nononer(s). The copol yneri zation tenperature

i s preferabbyeketipiee0o-20, aadn22a04], omMu-Zn-pasetieda@ibley mbal \weaTidel 06mpI8oC,
even nore preferably between 100-160C and particularly preferred
bet ween 1302talgsts may be USN a& wc@ymsb Peafergbliivind hexacyapedobeltate gatalysts he

compound 1 & SRt tr bl Pt TR A S Oicismieg” 2o BT valy

120 and 1493£UST§]?27tﬁ§p95%t92§%O?ﬂ% 5 3bgp ?ﬁu@ih%é&%{sﬂ%?%gg PIYECESS.

If the tenperature is oo reac |dn rate m be reduced too
nmuch;  whi | es@g228 Us®4A0isdb, 1S 8ak2 908, USPRY5H0! ER 0t7he 949, e mﬂswgw ed
side reaction S|gn|f|cantly reducing yield w il increase.
copol yrer i 2a6il 0198t W9 dépestd ¥v® A8M B Co i@ 1004E 643 am.Jléen‘diﬁti%rma;abej
can be determined in orienting experinments. Typically, the reaction
time is | e4%%han or equal to 24 hours; preferably, less than or
equal to 15 hours; nore preferably, |less than or equal to 10 hours.
The pressure during the inventive process usually lies in the range
of 2to 20 b : j LNt e
atmospher e (are SMGeHaRA s (lalyTriseHh ine fBid QAR of e BRsbliRentionin -y
be per f or medainburt withinaies raf@e bt £id 2000 O bassdrshemases! polyetherester
exanpl e, the reactor may be a stirrer vessel or a tube reactor or a
polyols formad, 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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The pol yet herester polyol which nmay be obtained by the inventive
process usually has an OH nunber within the range of 10 to 350 ng
KOH g andwe 2ise/o2fsictionality of 1 to 12. Normally, threwvaeNeeinsier
pol yet herest er polyol has a nol ecul ar wei ght of 400 to 20000 g/ nol,
a viscosity of 50 to 50000 nPas and a pol ydi spersity of 1.01 to 1.9.
The pol yet hesest pilygrelrgaddr patyolsrfolmeg. t o t he i nventi on may of course
al so be stabilized with any of the stabilizers commonly used for
stabilizing polyetherols, e. g. with substituted phenol derivatives.

rP ggte tege\rm-efth‘?t %$°| ﬁwggm gun g%ﬁh%go B@alégf%ﬁaﬁse“ %Lamy)é?ljgtté 20Ty be
| socyanat enﬁfB?Qast Oﬁgeﬂélﬁgﬁéllx%pmnhg IiRe € b@st@?&t Hﬂ&f y9| fa%ﬁ&c?%es

pol yur et hane” e ners yil socyanat es may ect e romt he
group corrpemdstoﬁc;mbﬂepmt|h@orp&y@dmmbltr§81@ipb@meaéhélral [ phatl ¢ and

aromati c i socyanates. Anong them aromatic polyi socyanates are
preferred. Exanples of suitable aromatic isocyanates i ncl ude 2, 4'-,
2,6-isoners of toluene diisocyanate (TDI and

2, 2-i somer $hgf0- B?tﬁ'M@ﬁSHyn'iﬁ qgﬁ%edcfrqr%@@}ggmp@femepsat@p Cﬁﬁaﬁfﬁt@r es

thereof h n LNV 190, may
be. sl cot eGP PO FIaRE G BeTaPe e e BB R e Ay €5

al cohol s kpQwita N& the art. They |nclude et hyl ene gl ycol, diethyl ene
glycol, 1,4-butanediol, and glycerin, or mxtures of thereof. It has
been surprisingly found that pol yurethane el astonmers from

pol yet herester polyols prepared according to the inventive nethod
usi ng hybr inder@die.dhg ee- C@?'ﬁf@téﬁ%/ kegelasiad frqmﬂﬂ@\@mmmpri@ggakwiﬁgciﬂﬁe

[ 1i beh dt th t
e r o] reatnThm PSS iRETRS Itachi SR R e isg meis! Slpiges,

pol yet hereﬁl&ﬁ)&ldgglﬂrﬁélﬁmg%m mﬂp'[.%.m thdMurh ?N&Bk{hﬁﬁd@é ocess may be
used in a variety o I'i'cat1ons. I'nter alia, nmay be used for

t he production of polyurethane (PU) foans, |ike mcr ocel | ul ar f oans,
flexible foans, forned flexible foans, viscoelastic foans, rigid
foans for éowsytheot, ipmﬁerebleicaewbatar@titaajprpldoombi!mﬁssorgemo-ﬂtbaeb@@tamr S,

t her nopl astic poI yur et hanes , PU coatings, PU sealants, PU
adhesi ves, M&{al plgexidgs the ’F'Bfﬂrpf@%r g ar‘i’i*i"‘%"ﬂ@?§ﬁ‘ﬁ9%und§§"”ﬂrﬁ@r9(§’ﬁ%r@§f°f”i‘ﬁ‘a t he

producti on Q al.s qQnErs ueaqus

o 00Ut 00 RIS 1Bk B0 TR TSl s S PR B,
nmay be usegsifs c&ﬁ?&fn‘ag Shclid8 U bR ot limited toF@fradthf tlfaHét%hféfralsopropyl
understanding of the invention, the follow ng exanples are gi ven for

pur pose of titiahdatuszirrdaénmart-buﬂywm,s:hmﬂtm‘e@tmbrdme regarded as limting
cartied ol in & Stainless ofeel autoclave wiih an inner volume of
cComononer . TRAPY PR ML SgLed B e q?éteé%ﬁmﬁﬁrzir&?r@}r?%

reactor. Byudf s eﬁnﬁ%gfgﬁ&rhfe?é}mg ta"éi'tatn'ﬂ]n{\‘@r ?mﬁﬁ% éé‘e

aut ocl ave was r e reattor was t e desired
t enper at ur eemg%stm@h tlelng aCodripextdr anieRdt oh@hfe%nl g@abu@@fr@fh trd &Mh@ms@mm@e
in a successive nmanner, the reaction was conti nued for an additional
sever al houoft#anivn, zlmenlemdmdmammm arghat aapipacehte astanirewkiclotheafioldrivetio
cyclic esters and/or the cyclic anhydrides was cal cul ated based on
t he wei ght ob¥t, 419f B foacetogeriate gslgr is & ihe r@@a?rél‘@%ﬂ@ anggpid @cetoacetate

|dent|f|cat|on of the & d FT-
136 VR Eﬁaﬁfp' an g8 oA MBI b gy Alonty pe fesclf D3l g
KOH g, 46. dcg Sgq4apr ol act one nononer (25g), hybrl d catal yst (DMC
0.0313 g and Ti ?OBU) 40.0188 g) were charged into a stainless steel
aut ocl ave. The reactor was then heated to 160C in a nitrogen
at nosphere, and propyl ene oxide (PO 53.3 g) was successively

The co-catalyst may also be selaiected from the group containing compositions

comprising an organic compound derived from a metal of Group VB of the Periodic

9



Exanpl e 3 The initiator (polyoxypropylene triol, 400 ng KOH g,
504 g), e-caprolactone nononer (809 g), hybrid catalyst (DMC 1,2 ¢
and Ti (0BuwwéQGoikR2m)is were charged into a stainl ess steelpa@autneeloaras?
The reactor was then heated to 160C in a nitrogen atnosphere, and a
m xture of propyl ene oxide (PO 2100 g) and ethyl ene oxide (EO 615
g) was sucdass ofienents tsainchngamit aberpiomgy Beifppaumstal cehnigoxylateadrimetal wkksxide
continued for an extra 2 hours at this tenperature. After the
conpl et i onOtA chefpse ?%@?’F with the metal epeaniipltaiern énd aileass prapdheigntaterigand,

conversion _of e t he hydroxyl value was 50 ng
KOH g and®t H%Scé'ﬁ?cﬁ'gf 'Bfﬁ(l)\lggflﬁ’gé/uct was confirmed to be the
desired poly (PO-co-EO-co-CL) triol by FT-IR, 1H NVR, and 13C NVR
Exanpl e 4 The initiator (polyoxypropylene diol, 250 ng KOH g,
917.9 g), e- FageRbRCHEBE-cHRIHITE Eeléd8Eirén Me grbypEdntbrembaitantim (DMC 1. 36
g and Ti (0Bu) 40.45g) were charged into a stainless steel autoclave.
The react oelkoxidest hen heated to 160C in a nitrogen atnosphere, and
propyl ene oxide (PO 2707.9 g) was successively introduced during 3
hours. The reaction was continued for an extra 2 hours at this

tenperature. Al t lLetion a uct
was obt ai nedTﬁ he'ocog%\ﬁne(?%:g(%ﬁon tahgst &e’;’f ‘?) %én@\gég '@5‘% anE %8{85 C}R%XW
val ue was ?l%séntrﬁg/ew Qpeﬁ[‘ﬁorﬁ%&?ﬁ §|¥|éH' S\‘ tl‘?éh anB%at@nythE;lheP"@rSS ratios
confirnmed to be the désired poly O co- CL oﬁ by "FT-TS, 1H NVR,
and 13C- NVBbméditagsdoand IeaRed emfarmaol&maanebke) polyols SEbma:I IS tatio Bxeadipd € 4,
except that a conventional si ngl e DMC cat al %cs'; (1.36 lg)@ was used

i nst ead of senetimrsaTot PRRIOPIALE iadd ey diRye @ negative erastiopsubdeatenias

AU ACHE R T CE
Ex le 6 T , 897
Srarml e, pom, AL LOSSEALENRBL SRS ) O pp 0 S, 2

g and Ti( OE&béct&b thE tEAl rRE @f B &hAQEbduBL PreferSbIRitid BMS caiaBet is prEsORtli ave.
The reactor was then heated to 130C in a nitrogen atnosphere, and the

propyl ene exihoieurttROR0 BXAZH ppm, wheress dressdaiaysy is pmeseotin eadnmhunt ofd {8

hours. The reacti on was continued for an extra 2 hours at this
t enper at ur 400 pprp.egach pih CHRBFIdR therolgk mesieof thesling| Rraduck Nierr Pererelindhe

| d b h i g of pht hal hydr i d
59% 1 he. ny BT B e Al Areras RESRE doa R Wades fe PRI e

product wasgregatfin §W§Ho(‘uﬂ op‘FtG @@pﬂ'ﬁ’%a'&ﬁ%tﬁ’%sﬁeét'?@fh%%t%aéi‘d?llheh’i)ﬁai
FT-1S, 1H NVR, and 13C-NVR Exanple 7 (Reference Exanpl e) Simlar

t o Exanpl epfpduétxcept that a conventional single DMC catalyst (1.23 Q)
was used instead of an inventive hybrid catalyst. A turbid product
was obtained in the end of the reaction and the conversion of

pht hal i ¢ anh

99% and the  h al was 46. KOH
Pl var e haneBp hitish iasd fan B Brgbe P SRS AR NP Al o o
lyol s Me |
oer Byk BaRekRa R AN RE Y 58 bR ARG or Ak VRS Bid &g
based cat abymsiyst td B&ém@}@ml@catﬁpﬁy refefyRRY inlthd pREEANGEN BN B its

ext ender, BASF SE, Ludw gshafen, rmany | socyanate
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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A m xture of Lupranat(r) MP102 and Lupranat O MMLO3, obtainable from
BASF SE, at a weight ratio of 1/1. LupranatO MP102 is a prepol yner
based on 4wé'2bMAozzmgl a gl ycol m xture with an NCO val uecafca2s10096197
Lupranat (r) MMLO3 is a carbodiimde-nodified 4,4 MD wth an NCO
val ue of 29,5% The m xture has an NCO val ue of 26,2% B) Method to
produce the pfohyplksthappeosiatgriledeneTiveles ealttie.dut sempblireitddso athglene
additives were stored and applied at roomtenperature. After the

Pol yol conP¥ffinfRpYesrssiierutleuecdifsdhch i, 3-aEdenmpiide. §.20ué/gneciridesd it
1o oted SR S B B b b B ARGl
'SOCyanateg?@ﬁﬁétf@%@ﬂ(ﬂeﬂw&?ﬂa&é?m%éﬂ%Fﬂ%%ﬂgﬁyl \é@%ﬁd&ﬁe f oAbty the

isocyanate 60s I'n a”spee e mxture wa oured Into an

open noul dghkitifl etHeRBNEIRAS ntnodiBs, 2% Eheboxedd) stryrditcoxmeyficiigigper at ur e

anounted to 70C. The sanple was renoved fromthe nould after half an
hour of cuepchiSehskigaepropignic hgd swthylestenasidpaxetaoeiras ahiftanes themfur s 80C.
After post cure the sanple was stored at roomtenperature for at

| east a day. Prior to testing the sanple was split into three sl abs,

the core bABeBY IO aRyb SHIZRS SRk 1IN Wl UG BOLF b AL G RAE £ o

to physica es g. neasurenen m Wth a

t hi ckness Bfop%eﬁénoﬁidé,aw-@u_m&% SUie Vot il NeERBE miridnhy hrérepad 1ts
mass (ML) was” determ ned. e sanple was put into a netal "sanple

hol der. Analagems txigescfonthaiinventivegsodask bhedetivyléte ovides(ECApd/a¢ prapyfehe Of
water in which the sanple holder with sanple was placed such that the
test speci A¥fe (@Y. ful |y subnerged. The container with sanple was put
into an oven at 100C and left for 5 h. Subsequently the sanple was
taken out of the hot water bath. The warm sanple was gently dried

using filtratj f | I 0 ure
the sanpl ¢ el S ong ol chEl ot ECTs SR R b0 pradh R ek
cal cul at edamgleidxideh@d)0lcogibriochee Geyaiid edmpdub@Lralid is) fréth 1188:008920:8Dhe
experinmental error i1s less than 0.1% neasured differences of nore

t han 0. 2% ease icysiic estesmnand Py dildalto b@:sd innmpse dheyclidnpydristehane
castings were submitted to the foll owi ng nmechanical tests. Property
Norm density |1 SO 1183-1, A shore hardness (A) DI N 53505 tensile

strength at brl'l“laéle lﬁ'nolgl)me?s?’r%gﬁ 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 Ilimited to, e-caprolactone, &-valerolactone, vy-butyrolactone,
B-methyl-d-valerolactone and so on. Preferred examples of such lactones are
g-caprolactone, &-valerolactone, and y-butyrolactone, or mixtures thereof. Most
preferably, e-caprolactone and 3-valerolactone are applied as co-monomer for the
present synthesis.
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el ongation at break DI N 53504 tear resistance | SO 1183-1, A abrassion
DI N 53503 Results: WD 2012/022048PCT/ CN2010/ 076197 Pol yur et hane
casting 1wd 2812422048 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 andf/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, parficularly
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, actadecanol, 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 dicl, 1,8-hexane diol, 1,9-nonane diol, 2-methyl-1,8-octane diol,
cyclohexane diol, dichloro hexane dimethanol, glycerine, trimethylo! 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
WO 2012/022048 PCT/CN2010/076197

sorbitol, dipentaerythrit, tripentaerythrit, polyesters, like polyesters based on
caprolactone or 1,4-butane dicle 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 lincleoate, 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 copolymetization 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 yield 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

egual 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 0,3 1,4-Butanediol Parts by weight 4,0 4,0 4,0 4,0 Polyol exanple
4 Parts by weight 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 mixiure using conventional techniques like filtration.

Opticnally, 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, ftricxane, 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
1.01t0 1.9.

The polyetherester polyol according to the invention may of course also be
stabilized with any of the stabilizers commonly used for stabilizing polyetherals, 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 usedin 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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Vi sual appearance of casting transparent transparent transparent
t ransparent open time mn 5,00 5,15 5,30 5,30
WO 2012/022048 PCT/CN2010/076197

adhesives, surfactants, lubricants, dispersants, as macromers for the production of
polymer polyols, as macromers for agueous polymer dispersions, as macromer for

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

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 alt of the
experiments, comonomer, initiator, and catalyst were first charged info the reactor. By
flushing the reactor with Ny, 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
BC-NMR.

Example 1

The initiator {polyoxypropylene diol, 300 mg KOH/g, 46.7 g), ¢-caprolactone
monomer (25¢g), 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
g-caprolactone was 99%, the hydroxyl value was 113.3 mg KOH/g and the structure
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Mechani cal properties density g/cnt3

WO 2012/022048 PCT/CN2010/076197

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 (906.2 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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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 el ongation at break % 730
WO 2012/022048 PCT/CN2010/076197

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, 837 g), phthalic anhydride
monomer (PA: 593g), hybrid catalyst (ODMC 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 obfained 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 Defcamer, 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*2(6*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. Pricr to
testing the sample was split into three slabs, the core slab having a thickness of 2 mm.

The core slab was submitted fo physical testing.

Swelling measurement:
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Swel i ng properties degree of swelling %2,2 1,8 2,1 1,6 1In

summary, the experinental results show that although the nmechani cal

properti eswar201darigel y the sanme there is a marked i npr RWEYR1NAT6197

swel l'ing behavior in boiling water when the polyol is produced in the

presence of a hybrid catal yst. Amended underktiele 34

PCM N201LQ e g 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
{ear resistance 1ISO 1183-1, A
abrassion DIN 53503
Results:

20



Cl ean version of Anended C ai ns03. FEB. 2012w3. 02. 2012) 1. A process
for the synthesis of polyetherester polyols by copolynerizing at
| east one wblkygizmz4exi de wi th carbon di oxi de and/ or atPATE2R0100M&197

cyclic compound of the general

formula wherein Xis selected from

the group conprising C=0, CRIR?, wherein Rl and R2 are independently
sel ect ¢icpifureimaseastingup conjprising H lalkyl, aryl, 2and {wheBeinlY |4
sel ect group conmprising -(CR3RM M1 - (CR5=CRG}n- Wherein |
A and € _gre| c2 . c100
al i phatiPrei e ng 1\ o onkeatsdy weibhtly ¢ A A;Fs%ﬂg—& . 0
Vw‘ i B - 80 i P’a S:ﬁ‘ Wi gnt !3M oL el FaYallh T\ SHEETS , 0
er el > A By e UUUa," Uld A 34} ] \':r.uu'_v‘I -II P Tt
COI'TpO!.I am :fﬁﬁa b$ t g5 < T 1T T CRY=CHRIU, U Ot
wher ei 3 'Sa DU, Parts by weight 95
[Polyol example 7 Parts by weight 95
Polyo! example 6 Parts by weight 95
Visual appearance of casting transparent | transparent | transparent|transparent
open time min 5,00 515 5,30 5,30
Mechanical properties
density g/fcm”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
Sweiling 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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03. FEB. 2012 (0 3. 02.2012) and wherein F and G are independently
hydrogen or are not present. wherein mis an integer in the range
from0O to 5, and wherein n is an integer in the range fromO0 to 5,
and wherein R3 and R4 are independently selected fromthe group
conpri sing hydrogen, nethylene, alkyl, aryl, wherein RBcdydedReticase

i ndependently selected fromthe group conprising hy | k

aryl, and wherein o, p, q, r, s, t independently ar M&lﬂﬁtﬂﬁa
range from OClksn versicanfAnéndedClams7, R8, R9, R10 are dﬁm%endently

sel ected fromthe group corrprl si ng hydrogen, al kyl OH(U@eOZgOIZ)

presence of &g,%t I br| atal ys
wherein said %‘ﬁb cat a yt@l%sfscgﬁ r}h%%gteﬁ 'Yi"]g@?%"pa’ﬂ“e”é' %tllea fﬁgf‘al
cyani de conp cat cat al and at | east one co-catal yst
S sa d cor Bient BadE G bR oy B e Oth Slpee R o Pegetstu <
acids, organo-tin carboxyl ates, ti tan| um conpounds, 2 AN PEA/ CN
PCT/ CN 2010/fomnuia 6 1 9 7 03. FEB. 2012 (0 3. 02.2012) netal

al koxi des, aryl oxi des containing alumnum lithium titanium and
| ant hani des. 2. A process according tg/claim1l, wherein Xis C=0.

X Y
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-,

‘I 'r D E

F 5 f G
Hl otk g e

, and 2 H,

1

wherein A and B are independently hydrogen, methylene or a G2 - C100 aliphatic

[CR R ]
Q a )
/
compound, or wherein A is =7 and Bisa bond,

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

12
BHTIPEA/CN
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3. A process according to claim?2, wherein Y is selected fromthe
group conprising: -(CRBRA)m, wherein m= 2, -(CR5=CR6)n-, wherein n
=1, +CC+* H2 1) H2 , Wherein o and p
are each 0 and A and B are independently selected fromthe group

conprising C16 aliphatic conpounds, C18 ( | CR7R8] PCTMM2910/07619
aI | phatic conmpounds, or wherein Ais and Bis a b - wher €i n z

= 4 and R7 and R8 are [each hyﬁ;ogen d CR9=CRi o 1---- \ tl / each

pond, wherein & < 2 D(‘SRM1 Hand RL0 are eachy Bygro98n (079423020

orwhereinD is and E is a bond,

and wherein F and G are independently hydrogen or are hot present,

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

range from 0 fo 5,

and wherein R3 and R4 are independently selected from the group comprising
hydrogen, methylene, alkyl, aryl,
wherein R5 and R6 are independently selecied from the group comprising hydrogen,

alkyl, aryl,
and wherein 0, p, q, I, 8, 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,

wherein said hybrid catalyst comprises at least one double metal cyanide complex
catalyst (DMC catalyst) and at least one co-catalyst, and said co-catalyst is selected
from the group comprising Lewis acids, organo-tin carboxylates, titanium compounds,
23
BB IPEA/CN
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4. A process according to claim3, wherein Y is 3- fa6cRI PEA/ CN
PCI1CN 20101 Q76 1 9 7 03. FEB. 2012 cu 3. 02.2012) HT* 2
wherein o and p are each 0, Ais hydrogen and B is nethyl ene,

wherein Ais nethylene and B is hydrogen, and wh

if Ais hydrogen, and wherein F is not present ?éﬁd&ﬁm@ﬁgﬁ?and
wherein Gis hydrogen if B is hydrogen, and V\,her i i

if Bis methylene. 5. A process according to an T?ﬁ r@lé g(m?ﬂgﬁ
cl ai ms, whePealglkides, 5CO”E?'”'“Aab'F%@th]%d'@f‘Hmr@gd feptheniégsm 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 clains, wherein said co-catalyst is
sel ect ed f romptddessGEQIdng e BRI Mﬁlﬁe.mwds catal yzi ng
esterification and/ or transesterification reactions. 8. A process
according to any of the preceding clains, wherein said co-catalyst is
sel ected fromthe group conprising titanium al kozides. 9. A process
according to any of the preceding clg wherein the DMC catalyst is
present in %k Péﬂ%‘iﬁﬁ?°%‘f'“%°€’6‘"‘2?®ﬂg?"ﬁ‘bﬁfs Siselpd im R BOERSERNIHNY st i s

present in an anount of 1 to 1000 ppm each with respect to the total
mass of the-{GR3B#Hmpvdeintm=2, >S. 104N PEA/ CN

-{CR5=CR6)n-, whereinn =1,

A B

F \l“ :.' G
* C C *
+ H2 0 H2 P

, wherein o and p are each 0 and A and B are
independently selected from the group comprising C16 aliphatic compounds, C18

q |
/

dCR R ]
aliphatic compounds, or wherein Ais andBisab ~” ond, whereingq =

4 and R7 and R8 are each hydrogen,

D E
¢ ’ {‘g%:*
2 2 , wherein r and s are each 0, D and E are
[ CRg=CR, ]\\
t ]
’
each hydrogen or wherein D is ~  and E is a bond, wherein t = 2

and R9 and R10 are each hydrogen.

4, A process according to claim 3, wherein Y is

>t

B RIPEA/CN
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PCT/CN 2010/ 076197
03, FEB, 2012 W 3. 02.2012)

. whereln o and pare each 0, A is hydrogen and B
is methylene, or wherein A Is methylene and B is hydrogen, and wherein F is
hydrogen if A is hydrogen, and wherein F is not present if A is 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 fo claim 5, wherein R1 and R2 are each hydrogen, and

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

7. 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.

8. A process according 1o any of the preceding claims, wherein said co-catalyst is

selected from the group comprising titanium alkoxides.

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

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

»$
BH R IPEA/CN

9/14



