1, POLY(ETHER- ESTER) POLYOLS AND PROCESSES FOR THEIR PRODUCTI ON 5 CRCSS
REFERENCE TO RELATED PATENT APPLI CATI ON The present patent application
clainms the right of priority under 35 U S.C. 119 (a)-(d) of Gernman Patent
Application No 102005012794.0, filed March 19, 2005. BACKGROUND OF THE

| NVENTI ON The present invention relates to poly(ether-ester) polyols,
processes for their 10 production from nonocarboxylic or polycarboxylic acid

esters with onsofY (ﬁ?iﬁR—i@ﬁﬁﬁ%ﬁm MPWESS‘E@ lj;(?Rt-ﬂgEi)ﬁoduct i on of

pol yur et hanes FToOmnMT tiese — pot y{ et Fyors. Poty(etier-ester)
pol yol s having a bl ock structure QEQE&QQE— r exanple, in the 15

productipon of p t hane M difi M

f or mul atd ons El{é § .‘FA 55 i’gT" -1 1 Y yol s.

Pol'y(et her - g5t 5&&&3&%& aKbA GRS Be nh! SRy enlsy 4l ong the
pol ymer chains are desi ra e In PUR app atlons reqw re’a

combi nat i on(apf(dpsi\Gerinag Pateat ApplycatioeNo 102005012764, Osﬁlleﬂ Machfloy 2@sanpl e,
hydrol ysis resi stance and | ow viscosity, on the 20 one hand, and on the

ot her hand, advant ageous pol yester orooertles such as, for exanple, high
abrasi on resistance, hi gBAGKEROUNDQFTHEINVENEION "hi gh el ongation at

break and t strenat h.and 000 resi s ance. .

Pol y( et her - bloRReal ByayonX ?}%ﬁa%ar’@%@ﬁﬁaaﬂi{ oBRA Progrssss RS nr ee- bl ock 25
struct ure CpraRdtidAs@hk niindeabs iR 68 poRREBoLAAHP &M wifkdié-t Mty sed
addition of  al kyl ene oxides to O+ unctlonal pol yesters, since these

pol yest er s boumndgpobyetier chan(s), mad sethe producten obHpolwrdthahesafvageheseact i ons in the
presence of su cat al ysts In the production of poly(ether-ester) polyols,
one is ther%‘?bﬁ cEeHENBINeISon prefabricated pol y(ether) polyols which in a
second step are transesterified or 30 esterified with polyesters or

pol ycar boxylic acids, polycarboxylic acid esters, polycarboxylic acid

hal i des or Ppellgeeesr o) polyochatim ek shrtura et dsedy foPERELBI8S in the

15  production of polyurethane materials as phase modifiers in polyol formulations

which contain polyester polyols and polyether polyols. Poly(ether-ester) polyols
having ester groups distributed evenly along the polymer chains are desirable in
PUR applications which require a combination of advantageous polyether
properties such as, for example, hydrolysis resistance and low viscosity, on the
20  one hand, and on the other hand, advantageous polyester properties, such as, for
example, high abrasion resistance, high tear propagation resistance, high

elongation at break and tear strength and good solvent resistance.

Poly(ether-block-esters) having a defined AB two-block or ABA three-block

25  structure cannot be obtained through base-catalysed or acid-catalysed addition of
alkylene oxides to OH-functional polyesters, since these polyesters are subject to
transesterification and cleavage reactions in the presence of such catalysts. In the
production of poly(ether-ester) polyols, one is therefore dependent on
prefabricated poly(ether) polyols which in a second step are transesterified or

30 esterified with polyesters or polycarboxylic acids, polycarboxylic acid esters,

polycarboxylic acid halides or polycarboxylic acid anhydrides, and low-molecular-



-V2‘-‘ wei ght polyols to forman (AB)A, nultiblock copolyner. The choice of

. stoichionetry of the reactants pol yet her polyol, polycarboxylic acid

(derivative) and | ow nol ecul ar-wei ght polyol in the esterification or
transesterification step determ nes-the average | ength of the pol yester
bl ocks inserted between the 5 polyether blocks. The bl ock structure, the

ength of RBRAIESE B chh b AR kol WBShAR A foft e Product s are

al ways subjec ver S ing 1'n the production of

pol ycondensabiehiohiebinof eeyrbagits pagtéthsﬁ@lydlqgal mﬁnea@a (ddrhtivee of doubl e

metal cyani de conpl ex catalysis (DMC catal ysis Iomszpolyester polyols to
be used as %ItddeemO]@OlﬂpbWé qulml inthe ¢st nsremm@r tensggterification step

| ter-bl ock- et | B 1 k_or ABA three-bl ock
O et ur o, Srttacy i aterBit I bR S ekt Bptendtt g roe. v
01/2718% d?ﬁ&%tﬂé%l&ék@ PhASBAL R RE, tHé’ieYl S ehe 1 l%&r%ﬁ&’i‘éhn@ﬁiey ol s

starting pol yesters wth DMC-catal ySed addition of al kyl ene oxi des.
Accor di ng tﬁmtﬂrmlahﬂ;Gofphe)ple:ductslem(aiwhlﬁckubjectj\ﬁbﬂavdﬂtﬁmstahﬁ@ber functional
pol y(ester-bl ock et her) polyols_ are obtained starting. from hjgher-functional
pol yest er s Ripyalipgn t Eﬁioéllu?‘é%ﬂo fagdycondensates &'PRERW%JH“&E%‘WIRBA t hr ee- bl ock

St uctures ALSBhalNAtEYr bl BB 3ol Binflbees Bl Rdsa,dasp | bed 11

these two pate ster)

pol yol's havalmswy%@tepga%lswb@hse@rag s?a&efie&h;sddéﬂttsqér fhepRaricgonsfy and evenly

al ong the pol ymer chains. According to the teaching of DE 17 70 548 A,

pol y( etier mﬂy(estsl)-blaple-eﬁbt)q:oﬂb@dis llnmeBaWawmkcbrr@Atthmn-chkcar boxylic
ghydrl des with al k @e oxi.des. The 5%5 ég&her esters) .can contain both
rboxylic %’i"ﬂ“%ﬁ& P%)?i}llmp@r"ﬁ{nt‘fﬁﬁ ‘g dpyzuer procesSRg WPAS, U S, Pat ent

5, 145, 883 descri bes the production of poly(ether-esters) by reacting

carboxylic anhydri des and al kyl ene oxides in the presence of polyether

pol yol s as win01/2718&0dgearibed she prodictind\vipbBgstediblddiectidrppelyskstatgngr i bed

therein, lies in the tendency towards alternating insertion of the

conononer s, frem palyeststs WltlbDM%ﬂté]Ysed gdditiereeiadieylerie axidepl Apeordingde ther e used,

poly( etliger per(s);[:eesg a?‘:scwbeci1 1nb\lV(af53/O76488, higher-functional poly(ester-block-ether)

polyols are obtained starting from higher-functional polyesters with DMC
catalysed addition of alkylene oxides. ABA three-block structures are obtained on
the basis of the processing modes described in these two patents, but it is not
possible to produce poly(ether-ester) polyols having ester bonds which are

20  distributed homogeneously and evenly along the polymer chains.

According to the teaching of DE 17 70 548 A, poly(ether-esters) are obtained by
DMC-catalysed reaction of carboxylic anhydrides with alkylene oxides. The
poly(ether-esters) can contain both carboxylic acid and hydroxyl terminal groups.
25  Similarly, U.S. Patent 5,145,883 describes the production of poly(ether-esters) by
reacting carboxylic anhydrides and alkylene oxides in the presence of polyether
polyols as starter compounds. A disadvantage of the processes described therein,
lies in the tendency towards alternating insertion of the comonomers, as a result of

which, if excesses of alkylene oxide are used, poly(ether-esters) with block



-3+ structures are obtained rather than wth ester bonds distributed
honogeneously and evenly al ong the polyner chains. According to WO :
95/ 00574, poly(ester-bl ock-ether) elastoners are obtained by 5 reacting

di functi onal polyether polyols having s small content of ol efinic double
bonds (< 0.03 neq/g polyether) with polyesters of |ow nol ecul ar-wei ght diols

and dicarb I i ds - wiqt hS | ty pficati cat al ysts.
Wih this i B8BaldrrupRih Sin T bBRL G BARREL RotpSROLAD, 1700,
structures ahc®evealitad epalyifr chdia Wi th ester bonds distributed
honogeneously and ‘evenly along 10 the polynmer chains. According to U S

Patent 5,032,671, al kylene oxides and | actones are reacted with DMC

catal ysis, qptiqgnall [ ncti.qnal starters, to give

pol y(et her-ggf‘gg’élﬁ to ﬁYoéﬁf‘@?%%ﬁﬂ%%?ré@?ﬁb&'ﬁ?@F StoF}pEs ﬂB%ﬁé?edchai ns have a
bl ock stguc : 1 ' ' ! f : nds. Usin
the met Fod Jacee iefondl DR eI Reting d ol St e e the
cononomer i barist(k 003 n€y/Q pO4théd vatttp ditsierd dPloRAmbledeaemieight divds aidduct i on

of esters with one or nore bound pol yether chain(s) by reacting hydroxyl
gr oup- cont aflisaihgxyictasids with cagdysis psipg {rppsestgrfieiogsi Sév@ it ysis. The

bontis di st - FsHBAAH srbLeRatair] bl swdnS: BRIMSIREERbAT chii ns i s not
di scl osed. Jhgined PAMG AR WRE 88 PRt BREIRNEHoRAGRY S &EnHAUE

di stributed 25 honogeneously and evenly al ong the pol ynmer chains, "and highly
def i nedl0 f uthetpolymadrichaias usi ng DMC cat al ysi s has not previously been
described. In addition, the production of poly(ether-esters) is always
performed by means of nulti-stage processes. -4- The object of the present

| nventi on ""%Ecc}rging rt&’\’.f.ﬁﬁ’a?e]n‘?%‘?J%?,%’?l,fa%ylé}{eooq}f&és%gﬂ 1#?4%@ E}J}%ﬁétgé%%s) , Which
is characterrsed By a sinple reacti’on “‘sequence that [eads
DMC catalysis, optionally, using OH-functional starters, to give poly(ether-esters)
or poly(ether-ester) polyols. The polymer chains have a block structure or a
15  random distribution of ether and ester bonds. Using the method described in this

patent, it is not possible to control the comonomer insertion.

WO 01/04179 and EP 1 112 243A describe the production of esters with one or

more bound polyether chain(s) by reacting hydroxyl group-containing esters of
20  carboxylic acids using DMC catalysis. The further reaction of these materials to

give poly(ether-esters) with ester bonds distributed homogeneously and evenly

along the polymer chains is not disclosed.

The production of poly(ether-esters) having ester bonds distributed

25  homogeneously and evenly along the polymer chains, and highly defined
functionalities using DMC catalysis has not previously been described. In
addition, the production of poly(ether-esters) is always performed by means of

multi-stage processes.



fromthe starting materials to the product, w thout conplex workup steps and
whi ch gives access to structures with ester bonds distributed honbgeneously
and 5 evenly along the polyner chains, as well as highly defined
functionalities. SUMMARY OF THE | NVENTI ON It has now been found that
nonocar boxylic or pol ycarboxylic acid esters having one or nore bound

pol yet her chal I ] - 10 containing
nonocarboxy??%8@%%63?%?§§§£g%§P§§QHQ¥V%g?@%&%?Pg%g%ﬁéy %@é&ggmjth al kyl ene

oxi des. | n pslgfetticresteRNbadtiRthsratleribdieby Nyifipld RActicN MR qivéick #idt ¢eads ncl udes
one or nore diols and/or polyols, and, another variation includes,

opt i onal | y, fromeghe startingmeateiiials todibg praducta wiithoetstommdex wdtkupistapalang bei ng
present in the above described alkylene oxide addition reactjon., The
Peaotton w P S aROS e B Emavi e st RumiedioRtoseRethshiAThe pr esence
of doubl A ' i€ : AR S groups are then
not subj%c[@‘% olyaéril%;ﬁ%ilhgﬁggtl vlgﬁasigé%%]gjaey%%gggﬂionsgtf rtfg’ Béﬁgeisr ed
poly(ether-ester) structures are obtai ned by subsequent transesterification,

optionally, with the addition of a transesterification catalyst, and
optionally, with the addi t BHMMARY,OMEHERNYENTAON,r pol yol s, and/ or

e USRS I R AU 1

di car boxyl acl er e rve to adj ust

the desir edorg‘br\&ﬁél‘é%oﬁﬁﬂ?ol &h@t‘ﬁhﬁﬁﬁs)%ﬁﬁ‘b@%ﬁfneﬂ'b?%hcﬂ_ﬁﬁ'ﬁ%@r)bxy%ﬁ@ﬁ-i singly,
e l1.e€e. e

t he second stage of poly her-ester) polyol synthesis
t r ansester i (antatingmomaabbryljc acahestdrs andder ppdydadvoxglic adid lestersovithur t her wor ki ng

up, directly follow ng the _alkyl ene oxide addition. This 25 represents a
si gni fi cant 2lkHGRRPHMeS ﬁhp&efrgeﬁ&ﬂﬂigéms hithe HYepiiQsh 08¢ Variation; ighlafest unct i onal

pol yols (i. haYVi tl ! >. 2. ded: al qpe or as a
bl end wi t h @?ﬁ%@@?&@?%ﬁ%‘ﬁ@%@@? }‘Le)é%’ %?%?°8?5°§E?e§h§3%‘ﬂ‘é‘ﬁg’l WY ene oxi de
addi tion r egchbRUicirb®slioacidicsers) Adlitasillgbefiggréseaninitbashdverdesgieduct s

having a 30 defined functionality are obtained. Such poly(ether-ester)
struct ur es akelenwpexidgaddiemreaetinne Thegeadtionyathtbe atkatena okisies ifet hods of t he

pri or af5t ' ;I;-\;%%err]aegly pér?gr?n%d% ith(garpresence of double metal cyanide complex catalysts,
since the ester groups are then not subject to any disruptive secondary reactions.
The desired poly(ether-ester) structures are obtained by subsequent
transesterification, optionally, with the addition of a transesterification catalyst,
and optionally, with the addition of further diols and/or polyols, and/or further

20 dicarboxylic acid derivatives. The diols and/or polyols, and dicarboxylic acid
derivatives which are optionally added, serve to adjust the desired OH value and
to adjust the ester group density. Surprisingly, the second stage of poly(ether-ester)
polyol synthesis (i.e. the transesterification reaction) can also be performed with
no further working up, directly following the alkylene oxide addition. This

25  represents a significant advantage in the management of the process.

If higher-functional polyols (i.e. those having a functionality > 2) are added alone,
or as a blend with difunctional polyols, either before or during the alkylene oxide
addition reaction or before the transesterification reaction, products having a

30  defined functionality are obtained. Such poly(ether-ester) structures are not



met hods |l ead to a m xture of products of differing functionality, and the
maxi mum functionality that can be achieved is also limted by the process
conditions due to crosslinking reactions. 5 Branched, |ikew se
non-crosslinking, polyfunctional poly(sether-ester) structures can be
obt ai ned by al kyl ene oxi de addition to carboxylic acid esters containing

several hydugx - r iLtication
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pol yfinctional poly(ether-ester) structures having ester term nal groups by
al kyl ene oxiuaetionalithi thptantbe agligershis Blsriniteddry the prasesstrenditions du¢ tb est er s
contai ning a hydroxyl  .group, followed by a subsequent transesterification
reaction vM?WF%ﬁ#?ngéﬁppgﬁ% of 15 nmonocarboxylic acid esters or

pol ycar Boxylic acid esters, which can |ikewi se contain a free hydroxyl
group. A further variation of the present invention conprises the

saponi f i cat Brancledd, likewisemoro crasiiokyg, polyfunptibyat polyfetidrtestearstdictaters with one
bound pol yether chain to 20 give the correspondi ng_nonocarboxylic or

pol ycar boxy¢andeabtayredhy allkyensxideadditiontoyrarhozylic agd sstersiroptaindg pe

convert ed to.Liio8) PLARCHANBELY LUDRLL ARl an BULKGERNG R ERIL), St uct ures

havi ng car boxy mnal " gr o sequen sterification with

optionally \aﬂﬁiﬂﬁd?l’ﬂﬁﬂ%ﬂbﬂ%h'df@icﬂéarﬂ%ﬂb@%&@xw ic acids, which may also
contain a free hydroxyl group. 25 Thus, the present invention provides a

processl® or producing poly(ether-esters). This process conprises: (1)
reacting - & ;) ud STt oA C5aL o B fed ol kSR e polyFudStomal St & S
poly(ether-ester) structures having ester terminal groups by alkylene oxide

addition to monocarboxylic or polycarboxylic acid esters containing a hydroxyl
group, followed by a subsequent transesterification reaction with the addition of
15 monocarboxylic acid esters or polycarboxylic acid esters, which can likewise

contain a free hydroxyl group.

A further variation of the present invention comprises the saponification of the
monocarboxylic or polycarboxylic acid esters with one bound polyether chain to

20  give the corresponding monocarboxylic or polycarboxylic acids having one bound
polyether chain. These can be converted to linear or branched polyfunctional

) poly(ether-ester) structures having carboxylic acid terminal groups by subsequent

esterification with optionally added fnonocarboxylic or polycarboxylic acids,
which may also contain a free hydroxyl group.

25
Thus, the present invention provides a process for producing poly(ether-esters).
This process comprises:

(1)  reacting



cont ai ni ng one or nore hydroxyl groups and having the general formula: r O
LR~-O . R+ OH 5 wherein: Rrepresents a nonoval ent aryl, al kyl, aralkyl,

al kenyl or alkynyl radical, R represents an at |east divalent aryl, alkyl,
aral kyl, al kenyl or al kynyl radical -610 in which: mlandn=1, m ?2andn=1,
or n >2andn¥l, 15 with b) one or nore al kyl ene oxides, with ring opening to

give the corr espé;ndi Nhe P AR ERASYArbExyAE of pEBEADSx fAlc adkPE&Rr boxylic acid
esters having oné or nore bound pol yet'her chains, 1n which the al kyl ene

oxi de addition is optdootaariihy opeorf moredydraxyt pwups eskimengthe ggfiera) one or nore
diols and/or polyols,_ and, optionally, d) one or nore dicarboxylic acid
esters: and then, fJPEARR: (2) reacting the products produced in step (1)
by one of the following: 25 (i) transesterifying the products from (1) to

yi el d hydroxyl -functional poly(ether-esters), in which the
transesterification is optionatly perforned with addition of (a) one or

nore diols and/or polyol FR\O R"{/OH ]n
m

5 wherein:
R represents a monovalent aryl, alkyl, aralkyl, alkenyl
or alkynyl radical,
R’ represents an at least divalent aryl, alkyl, aralkyl,
alkenyl or alkynyl radical,
10 in which:
m=1andn=1,
m =2andn=1,
or
n 22andm=1,
15 with
b) one or more alkylene oxides,
with ring opening to give the corresponding monocarboxylic acid esters or
polycarboxylic acid esters having one or more bound polyether chains,
) in which the alkylene oxide addition is optionally performed in the presence of:
20 c) one or more diols and/or polyols,
and, optionally,
d) one or more dicarboxylic acid esters;
and then, further:
(2)  reacting the products produced in step (1) by one of the following:
25 1) transesterifying the products from (1) to yield hydroxyl-functional
poly(ether-esters), in which the transesterification is optionally
performed with addition of:

(a)  one or more diols and/or polyols,



-7- or, optionally, (b) one or nore diols, and dicarboxylic acids or

di carboxylic acid derivatives, or, optionally, 5 (c) one or nore diols or
pol yol s, and nonocarboxylic acid esters or nonocarboxylic acids containing
one or nore hydroxyl groups, (ii) trAnsesterification of the products from
(1) wwth (a) additional nonocarboxylic acid esters and/or 10 pol ycarboxylic
acid esters, which cam spiohally) a free hydroxyl group, to yield

pol y(ether-esters) having ester termnal groups, or (iii) saponification
(i.e. hydrolysis) of (Phe pneguowse diplsragdidicarboyylis) agidstns dicasbaxytieespondi ng
nmonocar boxyl i c acids or pol¥ﬁfrbo%ylic acids with a bound pol y(ether)
chain, and esterification % ©HE&E i ds with optionally added

monocar boxyl i ¢ aci ds o@f‘tgfti%halﬂm ycarboxylic acids, which can contain a free
hydroxyl group, to yield poly(ether-esters) having carboxylic acid terminal
groups. 520 DETAI LED DESCRIoRE bOhofddidlsor iphlyeld] idNmoSocarbddybic aordpounds t o be
used as starting conponents for the prodtiction of  nonocarboxylic or

pol ycar boxyl i ¢ aci d est er SISt MRNQRHDPRYFACKISCORRAIIAG ORGHPT MBEponent a) in

reaction step (1) include ' dr oxyl group-containing 25
nonocar boxyl i ¢ acid estersls'glg)qg%g%lgb?’/boxyl Ic acid esters such as, for

EXTEL e, TP, g prgaptom pLt ) T
of the various isoners) of additional monocarboxylic acid esters and/or
10 polycarboxylic acid esters, which can contain a free
) hydroxyl group,
to yield poly(ether-esters) having ester terminal groups,
or
(iii) saponification (i.e. hydrolysis) of the products from (1) to yield the
15 corresponding monocarboxylic acids or polycarboxylic acids with a
bound poly(ether) chain, and esterification of these acids with
optionally added monocarboxylic acids and/or polycarboxylic acids,
which can contain a free hydroxyl group, to yield poly(ether-esters)
having carboxylic acid terminal groups.
20
DETAILED DESCRIPTION OF THE INVENTION

) Suitable compounds to be used as starting components for the production of

monocarboxylic or polycarboxylic acid esters with bound polyether chains for
component a) in reaction step (1) include aromatic hydroxyl group-containing

25 monocarboxylic acid esters or polycarboxylic acid esters such as, for example, the
methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, tert-butyl esters of the various
isomers of hydroxybenzoic acid, the esters of the various isomers of
hydroxymethylbenzoic acid, the esters of the various isomers of dihydroxybenzoic
acid, the esters of trihydroxybenzoic acid, the esters of hydroxyphenylacetic acid,

30  the esters of hydroxyphthalic acid and the esters of hydroxynaphthoic acid.



hydr oxynet hyl benzoic acid, the esters of the various isoners of

di hydroxybenzoic acid, the esters of trihydroxybenzoic acid, the esters of
hydr oxyphenyl acetic acid, 30 the esters of hydroxyphthalic acid and the
esters of hydroxynaphthoic acid. -8--8uitable aliphatic hydroxyl
group-containing nonocar boxylic acid esters or polycarboxylic acid esters

i ncl ude, itk Bat ~ & g@{aﬂ& cid, lactic
acid, 2- hygf§ (%xy ut ?r?éé}g%ﬁaﬁg{ %/)3{ 0X ﬁg gl;fro:ﬁ%@ag!():&a’hc (ﬁgg%epropl oni c
aci d, tropipolparkbxylic adidebtersincade) forg:lxymprel, theasiets oﬂ‘gdykrcﬂvcmal onic 5 acid,
nallc acid and citric acid. Lactones can also be used, but they nust flrst

be convertf%“qeﬁ?GCI@h]éC%?Cﬂ‘bng?W@UB’E@ﬁC@h%hﬂdWHPWPa gilodmp- cont ai ni ng
car boxyl i Cy}ﬁ%}oq(ygisop n?c d rtFo% 5' i dleifAci s &%e‘%lc 0%, o?c L fial

nonocar box er’s |n|ng one ydr X roups or the

i ndi vi dyal acnplm/am@rat@@%hlc&na@tﬁ ESh@eS caPMSbo L, Biteh ﬂfu@%ﬂﬂstﬂé oup can
al so be used i'n a 10 blend. Suitable diols or polyols ich are optionally

a](cjdgdtl n8r eaéxnwmd mtoetpe (:dr)?[sagrlldm%mmn@ml nh})dran}éfgmtmbdcylt:hgmg f bneti gnal i tlhes
0 0 a sui.itabl e diq j nc] ude conpo nds such as
propyl ene gqaflaw ic é@aﬁtswé)ygpwsn witheang ?é%qﬁgoféﬁéﬂ de@ai moaoozlrw Yifedi ol

1, 3- but ane

3- et hyl - digpdp%sﬁ%anelg @@eo%%%mgg%%fd?% qupsgf%gf#@] tr| nmet hyl ol  propane,

tri et hanol gislyvarboreli¢ agd wétbisichMainiiOsrd Hydtox yb o Sn atsy teQged mane,
catechol , resorcinol, bisphenol F, bisphenol A 1,3,5-trihydroxybenzene,

conden§é)t esblend. formal dehyde and phenol or nelam ne or urea containing
rTEt hyl ol 20 groups, and Mannich bases. Al kyl ene oxi de addition products of
e previously nmentioned diols or polyols (i.e. polyether polyols) having

OH val ues odyifipie 1@199r B&?;l%@gﬁ%rﬁge?ﬁéﬁﬂ lﬁﬁdé@l‘ﬁC}eacltl'an%%g @y to the

af orenenti oned di ol s, respondi ng pol y(ether)” 25 polyols,
di car boxyl manqmneht&s pmfarably heve funotandities of)2 tocl Exatplesaftsuivatde diplde added
in reaction steP ﬂ .. Wth the addition of dicarboxylic acid esters, in
addi ti on t andpelyols include compounds such as propylene glycol, ethylene glycol,
15  diethylene glycol, 1,2-butanediol, 1,3-butanediol, 1,4-butanediol, hexanediol,
pentanediol, 3-methyl-1,5-pentanediol, 1,12-dodecanediol, glycerol, trimethylol
propane, triethanolamine, pentaerythritol, sorbitol, sucrose, hydroquinone,
catechol, resorcinol, bisphenol F, bisphenol A, 1,3,5-trihydroxybenzene,
condensates of formaldehyde and phenol or melamine or urea containing methylol
20  groups, and Mannich bases. Alkylene oxide addition products of the previously
mentioned diols or polyols (i.e. polyether polyols) having OH values of 6 to 800

mg KOH/g can also be used.

In addition to the aforementioned diols, polyols or corresponding poly(ether)

25  polyols, dicarboxylic acid esters, i.e. component d), can also optionally be added
in reaction step (1). With the addition of dicarboxylic acid esters, in addition to the
previously mentioned adjustment of the desired ester group density and OH value,
the density of the OH groups at the start of the alkylene oxide addition reaction
can also be reduced extremely easily, which in the case of DMC catalysis, in

30 particular, offers a processing advantage. The esters of the following acids are



previously mentioned adjustnent of the desired ester group density and OH
val ue, the density of the OH groups at the start of the al kyl ene oxide
addition reaction can also be reduced extrenely easily, which in the case
of DMC catalysis, in 30 particular, ePfers a processing advantage. The
esters of the following acids are -9- cited here by way of exanple as

sui t abl e dicstad Beveyi wayosti eta@pliceis Snita0Ie GicAibox AR 4bid edérv! dictinictdeidl, adi pic
acid, phthalic, isophthalic or terephthalic acid, suberic acid, azelaic
aci d, sebagletane red, adipie aeid aptithialict isaphthalicaeri terephthalicacid,uswhericagideof 5
Sui t abl e al kyl ene. pxi.des to be used canmponent. b) in reaction step (1)

i ncl ude, faﬁgla'é’fﬁ pPacikagith Hﬁéel%%lﬁ’gfm‘ﬁ?ggﬂ?aeﬂ@% itifes theredty it vi ene oxi de
or 2,3-butylene oxide and styrene oxide. Propylene oxide and ethyl ene
oxide, either individually or as mxtures, are preferably used. The

pol yaddist i Buitablacikydnecaidebeo batseld s ecmpdwdnhbpin resotion seepl (A¥ irwlicle, as
BF3Q(Et)2 or B(C6F5)3 and by bases such as al kaline 10 or_ al kaline-earth
net al hydr d9F eegiple sthylgpe 9iflsl propiens oxden, butylamgiogide argshbyiytene The

reaction in_ste i S efer abl erforned, usin catal vst.s.  The DMC
catal yet's RIS ofaE PRIDAE oR sl et il S BB g o Che
invention ajgs kiANfes! dte PrdfabRhRed. PMe poBaddivish feddBd e ciPbEchta19sEaer Ci al
interest 15 primarily for the production of polyether polyols by

pol yaddi t i dotlobhy béwiglaerde sudxisdd¥sO(Bt)sordB ((RFs)c ambloybatss sichpisajkahige act i ve
hydr ogen ato .see for ex le,, U S Patents 3,404,109, 3,829, 505,

3,941, 489 #H4d g‘ﬂ%‘S?@Q@,etaﬂ ﬁ@aqugeq, B’éiplég‘)‘ﬁﬁe ?EYPI%‘ieeCQﬁ’éI?l@’by i ncor por at ed

by referen h IV I fﬁ?f'? . t {h the content
0’)1}/ nmonof ung:(t3 ?a%yr?g;r ngfe)% (Lnelrs a%ﬁ %&Y ?ﬁg?arl%‘l a E’é‘%’ﬁ%ﬁ%néwgn%%@swe. t he
so-cal |l ed nonool s, in conparison to the conventional production of

pol yet her pol yols using al kaline catal ysts. |nproved, highly active DMC
cat al ysts, ThetihME catadysiewbichseapariieularkhasnpiableifor the grocesg ansordmngitpchg13, U. S.

P 5,482,908 and U.S. Pat. 36, 883 . ( bel.i eyed . d to EP-A
700 049y URSAIBAAGTRNOVS 1 pansipR: DMIC cha S dedn o8 GOmneFrSal B Rbved ¢ o
correspgnd tpg&a'?ﬁyz for 8§étioB_%Zpylby§heP§§1§&E by pofyadéifldn 3Pdikyieisd 7. 673

(bel i eved correspond to E 1 70
oxides to starter compounds displaying active hydrogen atoms (see for example,

U.S. Patents 3,404,109, 3,829,505, 3,941,849 and 5,158,922, the disclosures of
which are hereby incorporated by reference). The use of DMC catalysts leads to a
reduction in the content of monofunctional polyethers having terminal double

20  bonds, i.e. the so-called monools, in comparison to the conventional production of
polyether polyols using alkaline catalysts. Improved, highly active DMC catalysts,
which are described for example in U.S. Patent 5,470,813, U.S. Patent 5,482,908
and U.S. Patent 5,536,883 (believed to correspond to EP-A 700 949), U.S. Patent
5,712,216 and U.S. Patent 6,018,017 (believed to correspond to EP-A 743 093),

25 U.S. Patent 5,545,601 and 5,637,673 (believed to correspond to EP-A 761 708),
U.S. Patent 5,627,120 and U.S. Patent 5,789,626 (believed to correspond to WO
97/40086), U.S. Patent 5,714,428 (believed to correspond to WO 98/16310) and
U.S. Patent 6,585,566 (believed to correspond to WO 00/47649), the disclosures
of which are hereby incorporated by reference, additionally have an unusually high

30  activity and allow polyether polyol production with very low catalyst



U.S. Patent 5,627,120 and U. S. Patent 5,789,626 (believed to correspond to
WO 97/40086), U.S. Patent 5,714,428 (believed to correspond to WO 98/16310)
and U.S. Patent 6,585,566 (believed to correspond to WD 00/47649), the

di scl osures of which are hereby incojgorated by reference, additionally
have an unusually high 30 activity and all ow pol yet her ponoI production

wth very low c concentr at e. m oy such that
t he cat al yst°Hse" atfagfr‘?é% e%}fg PR %relessé ‘ﬁl‘&iagﬂl% fq‘ﬂyég gf”i ]Fﬂil o Foduct The
highly actiy e@a% SRbMNE SR HRa6E @ﬁ@%gﬁly acli®f Dﬁi@mhfﬁlstslde§: ibeatignt
5,482,908 and U. S. Patent 5,536, 833 reved to cor espon to EP-A 700

949), whi chfotrnxaﬂpﬂe;U(SwPamnaS dmgb(l)aeamﬂﬂﬂ Patgatni, 536 5830@&136\1&01(10( e.g. zinc
hexacyanocobal tate(l11)) .and an or%bnl c conmplex ligand (e.g. tert-butanol)

al so cont ai $PrEespAdtedifep THOHOR Wusbaradditiondg e dﬁﬂl’léé@ﬁt%lrcyﬁié'idﬁht great er
than 50% g/ %ﬁlpoﬁﬁg%gtélxph%k )695%% tite Iﬁ%eai]a%'o car @Ieﬁylgand oéq des to

starti ng m al ni ng ne or

pol ycar boxylettthuddtiotl) @1%&emaMp‘dny&mmehmﬁﬁb&raveﬁF@me% roups can be
continued until an OH value is reached that is as lowas is esired. The OH

val ue r angegrtatenthsn 600 g/aolj are priyfieal esainplehe vari ous al kyl ene oxi des can
al so be added bl ockwi se instead of as a m xture. In such cases,
nonocar boxyl i ¢ or pol ycarboxylic acid esters are obtai ned wherein the bound

15 polyet hef'h&ﬂﬁ'ltﬂfnsaf a‘ﬁ&c?)ﬁ(iéﬂggc}ﬁé%éq t@tﬁ.@ﬁg‘fﬁﬁﬂfr&%on@fﬁl gg}lﬁ ﬁ[&? oxi de or

m xtures of propylene ne oxide wt et hyl ene oxi de
cont ent10ar emofscafteixalit yndotedyasbdxiytic held wbter| whitlpcontsia onb @t nidae pol yet her
chai ns bound to the nonocarboxylic or polycarboxyllc acid esters contain

ff om about hnairexyl grwpscarpbe mlyummtdﬁm%lvalgﬁ HUieac CQGhth%aWWrQN?I
0o A R R R S DS i 1
gg!{ g(rjlss . e&ld&%ﬁﬁ%ﬁ%’ﬁe afdled BIBEkWRERRAA 8PA 4 MiddRer dicRagexylic acid
monocarboxylic or polycarboxylic acid esters are obtained wherein the bound
15  polyether chain(s) display block structures. Pure ethylene oxide or mixtures of
propylene oxide and ethylene oxide with a high ethylene oxide content are
preferably added as the terminal block so that the polyether chains bound to the
monocarboxylic or polycarboxylic acid esters contain from about 40 to 100 %
primary OH terminal groups.
20
The hydroxyl group-containing (poly)carboxylic acid esters used in accordance
with the present invention as starter components a), the optionally added diols or
polyols, i.e. component ¢), and the optionally added dicarboxylic acid esters, i.e.
component d), can be placed in the reactor in advance, or supplied to the reactor
25  continuously during the reaction together with the alkylene oxide. In the latter
processing mode, a small amount of an addition product comprising starter and
alkylene oxide is conventionally placed in the reactor in advance. It is also
possible that this addition product is the product that it to be produced by the
process. It is equally possible to remove the reaction product continuously from

30 thereactor, in which case catalyst must also be continuously supplied to the



conmponent d), can be placed in the reactor in advance, or supplied to the
reactor 25 continuously during the reaction together wth the al kyl ene
oxide. In the latter processing node, a small amount of an addition product
conprising starter and al kyl ene oxi QEili_s conventionally placed in the
reactor in advance. It is also possible that this addition product is the
product that it to g . produced by the process. It is equally possible to
renmove the FRSOLIBA g‘P@ﬂG‘b?lkk‘]GH? Pride aud ftartero Ahayanions preeessing Vanantani ch case

| Ot : e e C8
ol kyl ene o RLERAR S M oy SURRAGE i dlon e BEREDMET Thc ' "

producti on edtalysik Wi desérsbddyin tcpraviksysle AfenishdbedrdfichisPd@t ARd Wi th DMC
catal ysis are described in the spreV| ously mentioned docunents, and are al so
di scl osed i disclosgd iaxfomgkample, 6.S. Pateahd, 75/, Y77 and/Y. Sa Rateot $918488nt 5, 919, 988 5

(bl | evesl  hetedReRbrwong Wy S 7 RA L0 i 1 halimg S D arto et o
her eby i ncofpQrfkfishd tgwoejs%ﬁmgshe JibQo s sabmby 8% yiﬂ%?‘b&ia% of

al kyl ene oxides i's generally pertornmed at 10 tenperaturés 20 to 200C,
preferably BOrdfared®3C, and nore preferably at tenperatures of 50 to 150C.
The reaction can be perforned at overall pressures of 0.0001 to 20 bar. The
pol yadditi on reaction can be performed in bulk, or in an inert organic

| | . THE f sol i ically f
about 10"t o 14 EMCENReERo o pr Ry B B R B Perlobpel 4B 75 o3 e
addi ti ofy pr petifetath@s BE2PIPENCEIprefdifbls ab & YSI°CS aRE Rt prefepibly at chosen such

tgat under the specified reaction conditions, good control of the
pol yaddi t i otempesatuiennf $& tapb¥SChThke reatteoncandleypstformehatarveralt pressuies ofjener al | y

0. 0005 wt. %t . % eferaply 0.001 wt.%to 0.1 20 .% .and nore
preferably ‘éoggiltcﬁp WO@%\P@%‘P agiiPy 938 6?8?’&?“%‘?1%‘6‘&\{\{&16@ Tafkyl ene oxi de
addition Pr el Bitva QGRG0 SHRL )/ AR heldmdim d¢ Lty PP el ative
to the anount of“starter) of organic or inorganic aclds, as described in

U. S. typically from about 10 to about 30 wt.%, based on the total amount of alkylene

15  oxide addition product to be produced.

The catalyst concentration is chosen such that under the specified reaction
conditions, good control of the polyaddition reaction is possible. The catalyst
concentration is generally 0.0005 wt.% to 1 wt.%, preferably 0.001 wt.% to 0.1

20  wt.%, and more preferably 0.001 to 0.03 wt.%, based on the total mﬁount of
alkylene oxide addition product to be produced. Small amounts (i.e. 1 to 500 ppm,
relative to the amount of starter) of organic or inorganic acids, as described in U.S.
Patent 6,077,978 (believed to correspond to WO 99/14258), the disclosure of
which is hereby incorporated by reference, can be added to the hydroxyl group-

25  containing (poly)carboxylic acid esters used according to the invention as starter
components, and the optionally added diols and/or polyols, and the optionally

added dicarboxylic acid esters.

Age resistors such as, for example, antioxidants can also optionally be added to

30 the alkylene oxide addition products obtained according to step (1).



Pat ent 6,077,978 (believed to correspond to WD 99/14258), the disclosure of
whi ch is hereby incorporated by reference, can be added to the hydroxyl
group 25 containing (poly)carboxylic acid esters used according to the
invention as starter conponents, andl2he optionally added diols and/or

pol yols, and the optionally added dicarboxylic acid esters. Age resistors
such as, for exanple, antioxidants can also optionally be added to 30 the
al kyl ene oxi de addition products obtained according to step (1). -12- In one
enbodi ment Isfonelembodmuent of thepooatsnascoulinge theinyentian the predpeteduct s obt ai ned
in step (1) are reacted.under transesterifi.catjon conditions, tionally

Wi th addi t19ged PERED SEhTsIedss Fomesterifigatign fandiions, qBPHEY | sed

pol y(et her &; : i : i : k| .0l s and/ or

ol Yol 5. - consaatlian of fufier Ry gBhisls o foe (b Bk AIHBRRLD: )Mo 6.

Sui t abl & coesparsinds stapqR(ipPeThdyptionally added>dvip hed/oppapyls sroemminganl , et hyl ene
gl ycol, diethylene glycol, 1,2-, 1,3-, 1, 4-butanediol, hexanedi ol,

pent anedi ol D@, H@lfqﬁgt?ly displaydimoticaaiitins of 2 ta 8. Setrblasrapaynds gcledss By

trimethylol pr e, (1o n ' ri 1ol 0, sorbj tol,
sucrose. . nyWBLEEAAERS PREbRRRENEST SR RLREL HetbliRutveet hPeinbnol ' a

1, 3, 5- tri hygamanedise Rexare@idll §eiRhaso0B-hanyel, @Hﬁﬁe(ﬁ&?l{qhﬁno' or nelam ne
or urea containing nmethylol groups, and Mannich bases. "Al kyl ene oxi de

addi ti on pdaideaniediobfglydern] primeitiydsll propeamey triethadoldindies pemtagyihyivdls (i . e.

pol yet her polyol s havi OH val ues. of 6 to 8Q0 an al so added at
this poli%nt . SOFpIEO L RUCEasey W@Jgoglmorl&&afeﬁh?lhgesaﬁctmigl@Lﬁgmﬁ%‘i’gﬁp e8Q} %al cul at e the
apount of t el r i i - is step,
Ahich are obtr oty RoRyRRER coiEhdRsnr imBid hIRPANARNenbl i Adiatind &

pol y( et her - @s4 esntaihingheethylobgroepk, ahdMandieh bases pAtkyishe oikide ddditionnct i onal i sed

poly(ether-esters), the previously 20 nentioned starting materials can be
pol ycondenskigdusis af the previauslygnentioned dioks arqwiads (1 67 palyetherral¥lsX i cat i on

canpt o ni R BHETH RN ok B o So O g P64 ERRERICHET o5 ot Ut s of

15  skilled in the art is easily able to calculate the amount of these diols and/or

polyols, i.e. component (i)(a) of this step, which are optionally to be added from
the desired OH value of the poly(ether-ester) to be produced.

In order to produce the OH-functionalised poly(ether-esters), the previously

20  mentioned starting materials can be polycondensed catalyst-free or in the presence
of transesterification catalysts, conveniently in an atmosphere of inert gases, such
as, for example, nitrogen, helium or argon, and also in the melt at temperatures of
150 to 300°C, preferably 180 to 230°C, until the desired OH value of the resultant
product is achieved.

25
In a preferred variation, transesterification is performed at a pressure of less than
500 mbar, preferably 1 to 150 mbar. The pressure can be adjusted to the reaction
progress during the reaction to suppress the removal of highly volatile starting
components in the initial stage of polycondensation.

30



150 to 300C, preferably 180 to 230C, until the desired OH val ue of the
resultant product is achieved. 25 In a preferred variation,
transesterification is performed at a pressure of |ess than 500 nbar,
preferably 1 to 150 nbar. The pressurg can be adjusted to the reaction
progress during the reaction to suppr 3§ the renoval of highly volatile
starting conponents in the initial stage of, polycondensation. 30 13 Al
known t r ansédtkgravn @%Fﬁ?ﬂ@%@ﬂ%@b’%@é‘ﬁl agnimersd peifs, devas acideands aci ds and

bases can beuasth hoyAGISLELIS RS LANARLAN LLERL b SRRLLAD. | Fon

cadmum ¢ zinc, ant’i ) gnesi um titanrum an

cat al ysts i '&oﬂid]@ léaﬁ,rimcgfqntiﬁ%h§l|1ﬁagxﬁ§ihﬁfﬂ tihhhe andfin Hﬁﬁ@ktssmﬂesfonﬁ of. net a!
al koxi des, are al so consi dered 5 suitable. Reference is aiso made, in this

connect i on, metals,mpetalvaxddetsoa mesitalisalts, vt mictal alkpzidgs tase albd conskdever r ecent | y

becone kpown an i.ch are | ess sensitive to hydrolysjis. Catal ysts such as
these ar déwg%ﬁgfqrﬂ}ceﬂml%%| 13 thig ceqmeption, lmlerpé%ﬁt,rmﬂqrb@ﬁa ved to

correspond tg&ggﬁ;s ?flﬁ&phaﬁ/% rgélcézly ?E%&%%Paﬁﬂr&m% afa@hhs(\sk&enéiﬁ%@ﬁ; eby

i ncor porate erence. products wt I gher branchi ng poi nt
density or aydiogRRI Caansistsuclois thedeire dgcab@binafce ef@@pleeU.S.iPlatdns natural l'y
possible to al so incorporate | ow nol ecul ar- wei ght nonocar boxylic acid

esters or | &W4idlédegligvedus epatespandde & AxiA0i 39 &).dbe digrlopurgwé whichor e bound
hydr oxyl groups, i.e. coO nen i)(c), in the 15 transesterification
reacti on. E}sgﬁe&bgsmgqrpg@gﬁ é'orﬁ{%%’ﬁ s are aromatic and aliphatic hydroxyl
group-cept ai ni ng carboxylic acids or esters thereof, such as, for exanple,
the various isoners of hydroxybenzoic acid, the various isoners of
hydr oxynet h¥f greduats with aihdghetr heanvlaing posit dasitg s a highdt derditp ey bsterzoi ¢ aci d,
ti hydroxybenzoi c acjd, hydroxynaphthqjc acjd, glycolic acid, mandelic acid,
groups are desired, 1t 1s naturally possible to also incorporate low-molecular-
weight monocarboxylic acid esters or low-molecular weight monocarboxylic acids
with one or more bound hydroxyl groups, i.e. component (i)(c), in the
15 transesterification reaction. Examples of such compounds are aromatic and
aliphatic hydroxyl group-containing carboxylic acids or esters thereof, such as, for
example, the various isomers of hydroxybenzoic acid, the various isomers of
hydroxymethylbenzoic acid, the various isomers of dihydroxybenzoic acid,
trihydroxybenzoic acid, hydroxynaphthoic acid, glycolic acid, mandelic acid,
20  lactic acid, 2-hydroxybutyric acid, 3-hydroxybutyric acid, 3-hydroxypropionic

acid, tropic acid, ricinoleic acid and glyceric acid. Lactones can likewise be used.

If monocarboxylic acid esters obtained according to step (1) with a bound
polyether chain are further reacted in step (2), then the transesterification reaction
25  can also include, dicarboxylic acids or their esters, i.e. component (i)(b), in
addition to diols, to produce a higher density of ester groups. The following
compounds are mentioned here by way of example: succinic acid, glutaric acid,
adipic acid, phthalic, isophthalic or terephthalic acid, suberic acid, azelaic acid,
sebacic acid, maleic acid, fumaric acid and mixtures thereof, as well as mixtures

30  which predominantly contain the mentioned acids or their esters.



20 l actic acid, 2-hydroxybutyric acid, 3-hydroxybutyric acid,
3-hydroxypropionic acid, tropic acid, ricinoleic acid and glyceric acid.
Lactones can |ikew se be used. |f nonocarboxylic acid esters obtained
according to step (1) with a bound pxhyether chain are further reacted in
step (2), then the transesterification ' reaction 25 can al so incl ude,

di carboxylic acids or their esters, i.e. conponent (i)(b), in addition to
diols, to produce a higher density of ester groups. The followi ng conpounds

are nentioned here b f exanple;. succinic acid |utarjc .acid, adipic
Rt pht hanes rICan s B srRaPtioRURs At plforkliy B e B R e af o
aci d, sebag'}pﬁﬁgﬁprﬁlig&i&lﬁe%}_gsterfsy@ﬁﬁihgd_aci d and m xtures thereof, as well
as m xtures 30 which predom nantly contain the nentioned acids or their

esters. -14- Age resistors such as, for exanple, antioxidants can optionally
be added to the OH functionalised poly(ether-esters) ohtained. 5 In another

enbodi neht  Branofher gmbedimentelthe araggsstasCedng ta s inyention; the BedRfltt s  produced
. . P LY AT S . >
instep (1) L%hﬁcédﬁggfeegggr’\isrg T ity tllcfgeawlg@ éﬂ()Bga{a%%gﬁ;sy&fd? (anaror

poncarboxyPlc aci r's, I'chcan Tl ntain ree hydroxyl
group, undgglyédibarsAis heidiebletd ivhivh caf Miltewiseentaih ¥/fred Kydeex @é\tPﬁlr -ester)
structures having ester termnal groups, i.e. step (2)(ii). The added

di car boxy| i endsr trpudesterifipatiopl conditionsitoi yield pobi(ether-estaz) sthicjures baling
functionalities of. to 3.. Exa S C ound ich are suitable herein
e uder 1 of IR SOHS i Separinb i he GO e oF g EOPYIET o ad pi
aci d, hal i e . i (€] K 1 azel ai c
acid, se ag%ldé&gsélélg?p%l{agﬂlylc&?gydﬁlgﬁg)%?h{r}r%r(}f? tgcji' ﬁxa@m%tg gEF%ﬁE;lr)‘lﬂledgt ers are for
exanpl e t hewhkherssuifableherss inchale] fbr exampie) the diestetsco fbuadidictacid;ar bal [ yl i c
acid. Suitable 15 carboxylic acid esters having a free hydroxyl group are

for exanpl eglutpsic eidngdipic astdsphthakic, psophihalic ar tsreplithalis peids suberidacidiar i ous
i soners of hydroxybenzoic_ aeid., the ., esters.of . various i songrs of
nyar oxyrret B Sbeeam e gk A R r SR Casih Sl Rl i o
lactic aci dexadnly tHe@¥peRUBMiesiBaLid; tridndINGE 2010 Bad Hicafbafigliflaci@-Suitable
hydr oxypropi onic acid, tropic acid, ricinoleic acid, hydroxymal onic acid,
malic 15 carboxylic acid esters having a free hydroxyl group are for example the methyl,

ethyl, n-propyl, n-butyl esters of the various isomers of hydroxybenzoic acid, the

esters of the various isomers of hydroxymethylbenzoic acid, the esters of glycolic

acid, mandelic acid, lactic acid, 2-hydroxybutyric acid, 3-hydroxybutyric acid, 3-

hydroxypropionic acid, tropic acid, ricinoleic acid, hydroxymalonic acid, malic
20  acid and citric acid. The reaction conditions here correspond to those described

above for the transesterification process. Age resistors such as, for example,

antioxidants can optionally be added to the poly(ether-esters) obtained in this way

having ester terminal groups.

25  In a further embodiment of the process according to the invention, the products
produced in step (1) are further reacted in a second step, i.e. step (2)(iii), by
hydrolysing with water, to yield the corresponding monocarboxylic or
polycarboxylic acids containing a bound polyether chain. This reaction can be
catalysed with acids or bases. Corresponding processing modes are known to the

30  person skilled in the art. The monocarboxylic or polycarboxylic acids thus



20 acid and citric acid. The reaction conditions here correspond to those
descri bed above for the transesterification process. Age resistors such as,
for exanple, antioxidants can optionally be added to the poly(ether-esters)
obtained in this way having ester tenginal groups. 25 In a further

enbodi ment of the process according to the invention, the products produced

in step (1) e further re din cond step,.i.e. step (2)(iii), by
hydr ol ysi ng ﬁf aned foplapming 3, v@mlxqq&reﬁwe@ﬁi’ﬁ%rm@b)goxyr ic or

pol ycar boxyl, A| reaction can
be catalysegﬁnﬁ&tg &gs %$B%g%ggy;ggggggggﬁgfﬁgﬁffgggggrggg%bdes are known
to the 30 pepBoarbskyliclaeilisiwhitthmapalso cditeinmminadeadyd gronbi te.@ompohytar boxyl i ¢

acids thus -15- obtained containing a bound pol yether chain, can be further
reacted by (idid@priorfrendines, staradep br@rpﬂlp@nalry(ﬂyher#teé)rstwmr@s kaying furt her
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droxynethélben20|c acid, glycolic acid, mandelic acid, |actic acid,
21 hydr oxybuhydrogybereic agidhtpd vasgusisymere oabycttoxymtbﬂbenm acid,rglygolis| ei ¢ aci d,

hydr oxymal oni.q aci nalr aci d tr| aci 5.ln order tq produce the
car boxylic é%lﬁdm‘?%%@f té%%“?)%@’(‘&?’ﬁ@ru %3? AR YRBRYE 2 ﬁenti oned
starting ”ah%gfcaalcﬁi ﬁeaotercmi e gﬁgﬁqlc%r@wa% aEfd%d%trﬂc%cfdhe presence of
esterificatioh catalysts, conveniently in an atnosphere of inert gases.

Suitable inert gases include, for exanple, nitrogen, heliumor argon. The

above nenti oned L ] i
15  In order to produce the carboxylic acid-functionalised poly(ether-esters), the above

mentioned starting materials can be polycondensed catalyst-free or in the presence

of esterification catalysts, conveniently in an atmosphere of inert gases. Suitable

inert gases include, for example, nitrogen, helium or argon. The above mentioned

starting materials can also be polycondensed in the melt at temperatures of 150 to
20 300°C, preferably 180 to 230°C, and optionally, until the desired acid value is

achieved.

In a preferred variation, esterification is performed under a pressure of less than
500 mbar, preferably 1 to 150 mbar. The pressure can be adjusted to the reaction

25  progress during the reaction to suppress the removal of highly volatile starting
components in the initial stage of polycondensation. In addition to mineral acids,
iron, cadmium, cobalt, lead, zinc, antimony, magnesium, titanium and tin catalysts
in the form of metals, metal oxides or metal salts can be used as esterification

catalysts. In the polycondensation process, diluents and/or entrainers, such as, for



starting materials can al so be polycondensed in the nelt at tenperatures of
150 to 20 300C, preferably 180 to 230C, and optionally, until the desired
acid value is achieved. In a preferred variation, esterification is
perfornmed under a pressure of less thap. 500 nbar, preferably 1 to 150 nbar.
The pressure can be adjusted to the reaction 25 progress during the
reaction to suppress the renmpval of highly vol ati i.ng C onents in
he i nici al s Dgreqss: R eviert on I batite i hE el LR adiRac " 11 on,
cadm um cop@lthre fbeAR: azédtﬂﬁm oV he E@ﬂ@ﬁﬁhbjﬁrkmiér%?%sﬂimﬁ@ﬂ ti ” cat al ysts
in the formof netals, netal oxides or netal salts cah be used as
esterification catalysts. In the polycondensation process, diluents and/or
entrainers, such as, for 16- exanple, benzene, tol uen Paéff{féietne or

chl or obenz ef8e Fesistase surhsdfor sxampleangioxidants can qptignally 9%t r opi ¢
removal cof ¢ stors such as,

for exanpl ORefRESARETI S Bl ke ol ik R efeBBy

pol y(ether-esters) thus obtained having carboxylic acid term nal groups. The

pol y(et her - esterse produced according to steps (1) and (2)(i) having
hydr oxyl tEhepels eﬂm@@ﬁp@) produend agserdingdto stepp (1)rigd €M) bawing Hydioxyt he

producti on of solid or ur et hane and_ of ur et hane
bl st onrer o, rpeLEHPLcan it RRE <f Sy te ErpO el e Behuba REoR S5 BR o m ned
groups are %eegaiwethmemeﬂm IS idiRetRhnd IREHAGRL €- r eact i ve conponent s,
and reacted with organic polyisocyanates, optionally, in the presence of

bl owi ngllagents, and in the presence of catalysts, and, optionally, in the
presence of other additjves such as cell 15 stabilisers. Such reactions

result in theths %@FP@M@herp'érew#@Ylwaﬁlééroxrhténwaﬁwpémmﬁep%naé'm al's can be
produced by} ){éﬁ‘ﬁﬁw&zﬂé ARG E}ta%g ﬂe&uw%&mg%e%i@w&Peact%dg‘ilteﬁ({}gmﬁge shot or

prepol ymer usi ng m xIng I ces pri ncl e person
skill ed in pdigisédyanates) optionally, in the presence of blowing agents, and in the presence

of catalysts, and, optionally, in the presence of other additives such as cell

15  stabilisers. Such reactions result in the production of polyurethanes.

The polyurethane materials can be produced by the methods described in the
literature, e.g. the one-shot or prepolymer method, using mixing devices known in

principle to the person skilled in the art.

20
. EXAMPLES
) Starting materials:
The following components were used in the working examples:
Polyol A: a difunctional polyether with an OH value of 260, and produced
25 by adding propylene oxide to propylene glycol
Polyol B: a trifunctional polyether with an OH value of 238, produced by

adding propylene oxide to glycerol
DMC catalyst: a double metal cyanide catalyst, containing zinc hexacyano-
cobaltate, tert-butanol and polypropylene glycol, with a number-

30 average molecular weight of 1000 g/mol; prepared as described in



EXAMPLES Starting materials: The foll ow ng conponents were used in the
wor ki ng exanpl es: Polyol A: a difunctional polyether wwth an OH val ue of
260, and produced 25 by addi ng propyl ene oxide to propyl ene glycol Polyol
B: a trifunctional polyether with an_@H_val ue of 238, produced by adding
propyl ene oxide to glycerol DMC catal yst: a double netal cyanide catal yst,

cont ai ni ng zi nc hexacyanos_cobal t.at terts nel an ol ypr | ene gl ycol,
wi th a nunber- 30 averqgePWSPtégu@ﬁMér?r”g;@o@]ﬁ @*&Sﬁfesﬁéﬁﬁﬁ’ed as
described in -17- U S ,PabRiH ificStpddteddBrefiéhce, maOyiASR arc tifietédtol Osures of
which are herein incorporated by reference, and which are believed to
correspond to EP-A 700coe#SpdndiEs &pA&00:94Pr oducti on of a nonocarboxylic acid
ester with a bound pol ypropyl ene oxide chain: 0.105 g of DMC catal yst were
added to 333.1 g of p-hydroxybenzoic acid ethyl 10 ester ina 2 1

pressurigedpait agl ave. The anbi ent oxygen was renpved by repeated
evacuation ing wWith nitrogen. The reactor pressure at the start of

the additi Prodaétidl siyhensatboixdic 168 eSterwitha bolthd®palgpiopylehe sRiled was set to
800 rpm and the reaction tenperature was 130C. A total of 682 g of

propyl ene oshais were added as follows. First, 132 g of propyl ene oxi de were
added over a period of 2 h 15 in 3 equal portions. After adding a further 20
g of propylene oxide the reaction started, as indicated by a sudden fall in
pressure | ”O.tlbﬁgro?wercatamﬁwtaﬁ%ﬁgd 9833301 ?BYb%@&ro@k&béiﬁoY@a%i@&h?l to be added
within 2 hours. "On conpletion of the addition Oof propylene oxide, the

react i ol) wasstalih a@dpressudsedtantuctavarithd amhient grygeas waerdmovied dyregeatedr assuned

a)const ant val ue, of Q.8 bar. The product was then
/ evacuation and gassing with nitrogen. The reactor pressure at the start of the

addition of propylene oxide was 0.1 bar, the agitator speed was set to 800 rpm,
and the reaction temperature was 130°C. A total of 682 g of propylene oxide were
added as follows. First, 132 g of propylene oxide were added over a period of 2 h
15 in 3 equal portions. After adding a further 20 g of propylene oxide the reaction
started, as indicated by a sudden fall in pressure in the reactor. The remaining
propylene oxide was able to be added within 2 hours. On completion of the
addition of propylene oxide, the reaction was allowed to continue until the
pressure in the reactor assumed a constant value of 0.8 bar. The product was then
20  heated for 30 minutes at 90°C and 20 mbar, and reacted further with no further
workup.
OH value of resultant product: 105.5 mg KOH/g
Viscosity of resultant product at 25°C: 225 mPas

25 Example 2:
Production of a difunctional poly(ether-ester):

247 g of Polyol A were added to 989 g of the product from Example 1. After the
addition of 100 mg of titanic acid tetrabutyl ester, the mixture was heated to



20 heated for 30 mnutes at 90C and 20 nbar, and reacted further with no
further workup. OH value of resultant product: 105.5 ng KOH g Viscosity of
resul tant product at 25C. 225 nmPas 25 Exanple 2: Production of a

di ffinctional poly(ether-ester): 247 of Polyol A were added to 989 g of
the product from Exanple 1. After the "addition of 100 nmgy of titanic acid
tetrabutyl ester the m xture was ated to -18- 2Q0C,. first _under nitrogen,
t hen under ﬁfs(tEmilﬁiélﬂogﬁlt‘llie%’tli‘(fquvﬁ‘ij-‘“nhflt@]é’arég’lﬁl stighingt AT had been
distilled o of the resultant
product : B%eth%ﬁ&f@&h\ﬁéggl‘gg?fﬁ{e %tgﬁ(révég%a tt!:jagroduct 9360 nPas at 25C
5 Exanpl e 3O}P¢a(hwmhafds@1farﬁbrcmuﬁ1! 3V 6reg KOMWEi sing a trifunctional poI yol

and 4- hydroxybenzoic acid ethyl ester and transesterification to give the
trifuncti on¥iscopbty afdhdessulismt produgto9PpWBmPasdt Z5RC cat al yst were added to 840. 4
g of Polyol B and 592.4 g of 4- hydroxybenzoic acid ethyl ester ina 10 1
pressurised autoclave. The reactor contents were heated for 53 m nutes at
80C in vacu being stirred (800 rpnm). At the start of the addition
of propyl eng—%&%%i the reactor pressure was 0.2 15 bar, the agitator speed
for the reaBtopoxylatich dfearixaiire 80priping aadrifunttienai ﬁals/blmd4-terrper ature was
130C. A total_ of 567 23 g of propyl ene OXI de ver e added at a. constant rate
over a periylre . od draps ! s acedd, the

reaction stgolgetyl\@r es!e?d' cat edby asuddendrop |npressure| nthe react or
(maxi mum pr ched: 1.35 bar). On conpletion of the addition of

10
) 0.3 g of DMC catalyst were added to 840.4 g of Polyol B and 592.4 g of 4-

hydroxybenzoic acid ethyl ester in a 10 1 pressurised autoclave. The reactor
contents were heated for 53 minutes at 80°C in vacuo whilst being stirred (800
rpm). At the start of the addition of propylene oxide, the reactor pressure was 0.2

15 bar, the agitator speed for the reaction was kept at 800 rpm, and the reaction
temperature was 130°C. A total of 567.23 g of propylene oxide were added at a
constant rate over a period of 2.67 h. After 189 g of propylene oxide was added,
the reaction start was indicated by a sudden drop in pressure in the reactor
(maximum pressure reached: 1.35 bar). On completion of the addition of

20  propylene oxide, the reaction was allowed to continue at 130°C until a constant
pressure of 0.4 bar was reached. After cooling to 90°C, the reactor contents were
heated for 30 minutes at 20 mbar. The autoclave was then brought to normal
pressure by pressurising with nitrogen and the contents were cooled to 50°C. A
sample of the propoxylate was taken in order to determine the OH value and

25  viscosity.
OH value of resultant product : 196.15 mg KOH/g
Viscosity of resultant product at 25°C: 301 mPas



20 propyl ene oxide, the reaction was allowed to continue at 130C until a
constant pressure of 0.4 bar was reached. After cooling to 90C, the reactor
contents weggis ¢eeppeplyer 30 minutes at 20 nbar. The autocl ave was then
brought to normal pressure by pressuf§sing with nitrogen and the contents
were cooled to 50C. A sanple of the propoxylate was taken in order to

determ ne t 25 v1 scosi al.ue of res ant. oduct :
196. 15 ng K fﬁspf\‘?gg‘g Lﬁ“ﬁ of titan¢ ?%{a%/ %ﬁ%ﬁtﬂ‘i’ﬂ%ég ‘%% Brgvs 05 1
017 US - 19-w FOdahito D00 Gt hr ogtfl Hesdhd, AsCurdet thchihf @it} ester were
added. The m xture was heated to 200 first under nornmal pressure, then
under vacuuAftérll Gohpofjethandl had bebfi@igilled oéﬂ; theredctibadvaseemintited.i | | ed of f, the
reaction was_term nate(il H va Iue of resul tant product: 106.7 ng KOH g 5
Vi scosi ty oPHreadyn efaesultapipiodyct:at06o5me 0 nPas Exanple 4:
Propoxylat i XU sing a trifunctional polyol
and 4- @drg%ﬁéﬁzo%ﬁg%@&rgﬁ@?ﬁs ? ﬁ@gﬁ(g %’insesterl fication to give the
tr| functional 10 polyether-ester: 313 ng of DMC catal yst were added to
568.2 g of polyol B, 400.5 g of 4- hydroxybenzoic acid ethyl ester and 275
ng of 85 % Bkampleckic acid in a 10 1 pressurised autoclave. The reactor
contents h at 80C i n vacu A .
The pr essure 2R oI atjog of agmixhy %
20655 10, O %%m% ggaem@sag aag@aqse%ggéggn%%ggm@nmm e stirring
(at 800 rp g o opylen X1 € reaction start
was i ndilcatmdydiereesterrdden fall in pressure in the reactor (maxi mum pressure

reached: 3.2 bar). Directly follow ng the addition of propyl ene oxide, 826.4
g of 20 ethylene oxide were added at 140C over a period of 2.13 h while

stirring (2415899 of DMC catalyst were added to 568.2 g of polyol B, 400.5 g of 4-

hydroxybenzoic acid ethyl ester and 275 mg of 85 % phosphoric acid in a 10 1
pressurised autoclave. The reactor contents were heated for 5 h at 80°C in vacuo
15  with stirring (at 800 rpm). The pressure was increased to 1.5 bar by the addition of
nitrogen, and 206.55 g of propylene oxide were added at 140°C within 1.43 h
while stirring (at 800 rpm). After 130 g of propylene oxide was added, the reaction
start was indicated by a sudden fall in pressure in the reactor (maximum pressure
reached: 3.2 bar). Directly following the addition of propylene oxide, 826.4 g of
20  ethylene oxide were added at 140°C over a period of 2.13 h while stirring (at 800
rpm). The reaction was allowed to continue at 140°C until a constant final
pressure of 1.9 bar was reached. After cooling to 90°C, the reactor contents were
heated for 30 minutes at 20 mbar. The autoclave was then brought to normal
pressure by pressurising with nitrogen and the contents cooled to 50°C. A sample
25  ofthe alkylene oxide addition product was taken in order to determine the OH
value and viscosity.
OH value of the resultant product: 134.4
Viscosity of the resultant product at 25°C: 491 mPas
Content of primary OH groups in the product: 77 %
30



rpm. The reaction was allowed to continue at 140C until a constant final
pressure of 1.9 bar was reached. After cooling to 90C, the reactor contents
were heated for 30 mnutes at 20 nbar. The autoclave was then brought to
normal pressure by pressurising with rbitrogen and the contents cooled to
50C. A sanmple 25 of the al kyl ene oxi detl4addi ti on product was taken in order
to determne the OH value and viscosity. OH val ue of the resultant product:
134. 4 Vi scodibey, 18B.1thg of titanic aond teprabutylcdstentweb&lded and pRawixt@erwasnt  of

rimary OH gro | D.he product: 77 % 30,-20-. Then, 183. f titanic
e 6t ot r o BEPER Bt et BB e Sl rosi e e Hpderagaium Loiban ARob0C 11§ st
under nor Tl 55 inof R b ARINAG HUHe dacilBR s hfhliBheq, 107. 7 0 Of " et hanol

had been distill reaction was termnated. OH val ue of the
resul tant piIOHiusiue o7 the@esuitatd@rodnch: M.6mgHOH/oof the resul tant product at
S50C 679 _nPas Content of primary OH groups in this product: 74 % Al though
t he inveht i Ofisqesky pithp resulentipsedict af We€ab9 MRas he foregoing for the purpose
of illustratdio it ks t e_under st ood ,t h: uch detail is solely for that
pur pose andtdofgmfH%angy&aﬁi%%@séﬁﬁnwo%cgg'}%%er ein by those skilled in the
art without departing fromthe spirit and scope of the invention except as
it my be limted by the clainms. -21- WHAT IS CLAIMED IS: 1. A process for
produci ng pdlhoeghthe imsntorshas wemdescsbedyin detd)l indbe foregying &y thermirposenor e
nonocar boxyl i.¢c. or pol ycarboxylic acid esters containi one or nor.e
hydroxyl  gr GfHRSEAIPm s rﬁ%%F fedesined ﬁrat SrsrdAtail 5 slely fof that purpose and

10  that variations can be made therein by those skilled in the art without departing from

) the spirit and scope of the invention except as it may be limited by the claims.



LR, OR +OH 1n wherein: R represents a nonovalent aryl, alkyl, aralkyl,

al kenyl 10 or alkynyl radical, R represents an at |east divalent aryl,

al kyl, aral kyl, alkenyl or allcynyl radical, wherein: nrlandn=1, 15 m
>2andn=1, or n z2andnrl; wth b) a[éxlene oxi des; 20 and, optionally, in
the presence of c) one or nore diols d/or polyols, and, optionally, d)

one or nore dicarboxylic acid esters; with ring opening to yield the

corr espondi Eﬁjﬂﬁd&ﬁiﬂwl_sbr 25 pol ycarboxylic acid esters with one or
nore bound pol yether chains, and (2) further reacting the products produced
in step (1) by -22- (2) transesterifying the products from (1), in which the

transesterifi cat z\Qftobdss fd}ﬁﬁ-@,dﬂ&ﬁ{glI}béy(gﬂ%lf_@g’té‘fgﬂc%bﬂsiﬁgdi tion of (a) further
diols or polyols; ‘or, optionally, (b) further diols, and dicarboxylic
aci ds or di €lgr borepbiing aci d derivati ves;

5 a) one or more monocarboxylic or polycarboxylic acid esters containing

one or more hydroxyl groups and having the general formula

O

Reo o |,

) wherein:
R represents a monovalent aryl, alkyl, aralkyl, alkenyl
10 or alkynyl radical,
R’ represents an at least divalent aryl, alkyl, aralkyl,
alkenyl or alkynyl radical,
wherein:
m=1andn=1,
15 m =2andn=1,
or
n =22andm=1;
with
) b) alkylene oxides;
20 and, optionally, in the presence of
) one or more diols and/or polyols,

and, optionally,
d) one or more dicarboxylic acid esters;
with ring opening to yield the corresponding monocarboxylic or
25 polycarboxylic acid esters with one or more bound polyether chains,
and

(2)  further reacting the products produced in step (1) by



or, optionally, (c) further diols, or polyols and nonocarboxylic acid
esters, or nonocarboxylic acids containing one or nore hydroxyl 10 groups,
to yield OHfunctional poly(ether-esters); (ii) transesterifying the
products from (1) with (a) added nonogarboxylic or polycarboxylic acid
esters, which nay contain a free hydroxyl group, 15 to yield

I t her - est hydr ol th
P omuct s 11 om (1) 1 o YrBrucinedhs PRATR Gt Db ae0eh By i ¢ or o
pol ycar boxyl i c acids ﬂﬁsgstajm%gdogg éﬁﬁlg}eﬁ&rfonﬁg@.m}l ARfigdreri fyi ng these

with optionally added 20 (a) monocarboxylfc or polycarboxylic acids, which
may contain a free r@)jroxﬁai'thgrcbu]]sorpolyylsel d poly(ether-esters) havi ng
carboxylic acid term nal groyps. 2. The pol y(ether-esters) produced by the
process of Claim 1. ZH’Q’“NaB%ocess for the production of polyurethanes

CorPr S0 "SRt L0 0yPO! KL GENEIEAE AERAR P O ABRTER. o 1 ooct v
polrrE(et her- esters) of Cd aldgﬁau\?@ "
or, optionally,
(c) further diols, or polyols and monocarboxylic acid esters, or
monocarboxylic acids containing one or more hydroxyl
10 groups,
) to yield OH-functional poly(ether-esters);
(1)  transesterifying the products from (1) with
(@) added monocarboxylic or polycarboxylic acid esters, which
may contain a free hydroxyl group,
15 to yield poly(ether-esters) having ester terminal groups;
or
(i1i)  hydrolysing the products from (1) to yield the corresponding
monocarboxylic or polycarboxylic acids with a bound poly(ether)
chain, and esterifying these with optionally added
20 (a) monocarboxylic or polycarboxylic acids, which may
contain a free hydroxyl group,

to yield poly(ether-esters) having carboxylic acid terminal groups.

2. The poly(ether-esters) produced by the process of Claim 1.
25
3. A process for the production of polyurethanes comprising reacting a
polyisocyanate component with an isocyanate-reactive component,
wherein the isocyanate-reactive component comprises the poly(ether-
esters) of Claim 2.

30



