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| ong- chai n pol yet her polyols having a hi-gh content of primary OH groups as
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and ethylene oxide) is polymerised in the presence of starter compounds having active

hydrogen atoms and of a basic catalyst, with a polyether polyol having mainly
15 secondary OH groups being obtained. In the second -step, the so-called EO tip,
ethylene oxide is then added to the basic polymer, the majority of the secondary OH
groups being converted into primary OH groups. In this process the same basic
catalyst (for example, KOH) is conventionally used for the propoxylation reaction and
for the ethoxylation reaction.
20
Double-metal cyanide (DMC) catalysts for the production of polyether polyols have
been known for a long time (see, for example, US-A 3 404 109, US-A 3 829 505, US-
A 3 941 849 and US-A 5 158 922). Compared with the conventional production of
polyether polyols by means of basic catalysts, the use of these DMC catalysts for the
25 production of polyether polyols brings about in particular a decrease in the content of
monofunctional polyethers with terminal double bonds, so-called monools. The
polyether polyols thus obtained can be processed to form high-quality polyurethanes
(for example, elastomers, foams, coatings). Improved DMC catalysts, of the type
described, for example, in EP-A 700 949, EP-A 761 708, WO 97/40086, WO
30 98/16310, DE-A 197 45 120, DE-A 197 57 574 and DE-A 198 102 269, possess in
addition an exceptionally high activity and render possible the production of polyether
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disadvantage of this two-step process is that the basic polymer obtained in the process
15 has to be worked up in a very expensive way, for example, by neutralisation, filtration
and dehydration.
. US-A 5 648 559 discloses poly(oxyalkylene) polyols having poly(oxypropylene/-
oxyethylene) end blocks, the polyols being produced by DMC catalysis and having a
20 - content of primary hydroxyl groups of <50 mol%. The maximum total content of
- oxyethylene units in these polyols is 20 wt%. US-A 5 700 847 describes
poly(oxyalkylene) polyols having up to 25 wt.% oxyethylene units, the latter being
containable in mixed blocks or pure poly(oxyethylene) end blocks. The polyols
produced without EO tip have <50 mol% of primary OH groups. In US-A 5 668 191,
25 - likewise poly(oxyalkylene) polyols having 2 maximum of 20 wt.% oxyethylene units
and less than 50 mol% of primary hydroxy] groups are used.

It has now been found that long-chain polyether polyols having a content of primary
OH groups of >50 mol% can be obtained by DMC-catalysed polyaddition of an
30 ethylene oxide (EO)propylene oxide (PO) mixture as an end block to starter
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‘having active ldfita@esy plyadditionldf an ethylene oxide (EO)/propylene oxide (PO) mixture in

the weight ratio EQ:PO of 40:60 to 95:5, preferably 50:50 to 90:10, particularly

preferably 60:40 to 90:10, in the presence of DMC catalysts, as an end block to starter
compounds having active hydrogen atoms.
15
The DMC catalysts which are suitable for the process according to the invention are
known in principle and are described in detail in the prior art cited above. It is
preferable to use improved, highly active DMC catalysts, which are described, for
example, in EP-A 700 949, EP-A 761 708, WO 97/40086, WO 98/16310, DE-A 197
20 45 120, DE-A 197 57 574 and DE-A 198 102 269. Typical examples are the DMC
catalysts described in EP-A 700 949 which, besides a double-metal cyanide compound
* (for example, zinc hexacyanocobaltate{II)) and an organic complexing ligand (for
example, tert. butanol), also contain a polyether having a number average molecular
weight of more than 500 g/mol.
25
The compounds used as starter compounds having active hydrogen atoms are
preferably those with molecular weights of 18 to 2,000 g/mol, preferably 200 to 2,000
g/mol and 1 to 8, preferably 2 to 6, hydroxyl groups. Examples which may be given
are butanol, ethylene glycol, diethylene glycol, triethylene glycol, 1,2-propylene
30 glycol, 1,4-butanediol, 1,6-hexanediol, bisphenol A, trimethylolpropane, glycerol,
pentaerythritol, sorbitol, cane sugar, degraded starch or water.
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60:40 to 90:10, as end block, the starter compounds having active hydrogen atoms can
be directly converted into a long-chain polyether polyol having a high content of
primary OH groups and a content of oxyethylene units of >25 wt.%, preferably >30

15 wt.%, particularly preferably >35 wt.%.

1t is preferred, however, first of all to extend the starter compound by DMC-catalysed
propoxylation, preferably to a number average molecular weight of between 500 and
15,000 g/mol, and subsequently, from this extended propoxylated intermediate, by

20 DMC-catalysed polyaddition to an ethylene oxide/propylene oxide mixture in the
weight ratio EO;PO of 40:60 to 95:5, preferably 50:50 to 90:10, particularly preferably
60:40 10 90:10, as end block, to produce a long-chain polyether polyol having a high
content of primary OH groups and a content of oxyethylene units of >25 wt.%,
preferably >30 wt.%, particularly preferably >35 wt.%.

25 ‘
In this case the process according to the invention is particularly preferably camried out
as a so-called "one-pot reaction" wherein, after the DMC-catalysed propoxylation,
without intermediate working up of the polymer containing the DMC catalyst, the
polyaddition of the ethylene oxide/propylene oxide mixture as end block is

30 subsequently carried out in the same reaction vessel and with the same DMC catalyst.
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The weight ratio of the ethylene oxide/propylene oxide mixture to be used is 40:60 to
95:5, preferably 50:50 to 90:10, particularly preferably 60:40 to 90:10.

15
The molecular weights of the polyether polyols having a high content of primary OH
groups and produced by the process according to the invention are within the range of
between 1,000 and 100,000 g/mol, preferably within the range of 1,500 to 50,000
g/mol, particularly preferably within the range of 2,000 to 20,000 g/mol.

20
The content of primary OH groups can be determined in accordance with ASTM-D

- 4273-83, from the 'H-NMR spectra of the peracetylated polyether polyols. The content

of primary OH groups in the polyether polyols is 40 to 95 mol%, preferably 50 to 90
mol%. The content of primary OH groups in the polyether polyols is dependent upon

25 the reaction conditions, such as pressure, temperature and solvent as well as on the
composition of the ethylene oxide/propylene oxide mixture used. In general, an
increase in the ethylene oxide content in the ethylene oxide/propylene oxide mixture

leads to an increase in the content of primary OH groups in the polyether polyol.

30 The concentration of DMC catalyst is so chosen that an effective control of the

polyaddition reaction is possible under the given reaction conditions. The
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w.%to 0.01 w.% based on the quantity of the polyether polyol to be
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active DMC catalyst (synthesis in accordance with EP-A 700 949 5 A
solution of 12.5 g (91.5 mwl) zinc chloride in 20 M distilled water is
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10 vigorously stirred (24,000 rev/min) for 10 minutes. Then a mixture of 1 g
polypropylene glycol having a number average molar mass of 2,000 g/mol, 1 g tert.
butanol and 100 g distilled water are added thereto and the whole is stirred (1000
rev/min) for 3 minutes. The solid substance is isolated by a filtration, then stirred
(10,000 rev/min) for 10 minutes with a mixture of 70 g tert. butanol, 30 g distilled

15 water and 1 g of the above propylene glycol and again filtered. Finally, it is stirred
(10,000 rev/min) once more for 10 minutes with a mixture of 100 g tert. butanol and
0.5_g of the above propylene glycol. After filtration, the catalyst is dried to constant
weight at 50°C and standard pressure.

20 Yield of dried, pulverulent catalyst: 6.23 g

Example 1

873 g poly(oxypropylene) triol starter compound (number average molecular weight =
25 440 g/mol) and 0.30 g DMC catalyst (50 ppm, based on the quantity of the long-chain
polyether polyol to be produced) are placed under protective gas (nitrogen) in a 10 1
glass pressure flask and heated to 105°C, with stirring. Then ethylene oxide/propylene
oxide mixture in the weight ratio 70:30 (approx. 100 g) is added all at once, until the
total pressure has risen to 1.5 bar. Further ethylene oxide/propylene oxide mixture is
30 then only added again if an accelerated pressure loss is observed. This accelerated

pressure loss indicates that the catalyst is activated. Then the rest of the ethylene
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the weight ratio 70:30 (5027 g) is added continuously at a constant total

pressure % 1'5Exba"i‘nr i f\fter addition of all the alkylene oxide and 5 hours

post -reaction tHHetat- 105C, vol atile constituents are distilled off at

105C (1 nbar) and the mixture is subsequently cooled to roomtenperature. 5
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440 g/mol) and 0.30 g DMC catalyst (50 ppm, based on the quantity of the long-chain
polyether polyol to be produced) are placed under protective gas (nitrogen) in a 10 1

15 glass pressure flask and heated to 105°C, with stirring. Then ethylene oxide/propylene
oxide mixture in th;:: weight ratio 89.4:10.6 (approx. 100 g) is added all at once, until
the total pressure has risen to 1.5 bar. Further ethylene oxide/propylene oxide mixture
is then only added again if an accelerated pressure loss is observed. This accelerated
pressure loss indicates that the catalyst is activated. Then the rest of the ethylene

20 oxide/propylene oxide mixture in the weight ratioc 89.4:10.6 (5027 g) is added
continuously at a constant total pressure of 1.5 bar. After addition of all the alkylene
oxide and 5 hours post-reaction time at 105°C, volatile constituents are distilled off at

105°C (1 mbar) and the mixture is subsequently cooled to room temperature.
25 The long-chain polyether polyol obtained has an OH value of 58.5 mg KOH/g, a

content of double bonds of 2 mMol/kg, a content of primary OH groups of 81 mol%
and a content of oxyethylene units of 76.4 wt.%.
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content of double bonds of 2 m\bl/kg, a content of prlrrary OH rougs Ok SEs2003

mol % and a conf@Ms4¥B oxyet hyl ene units of 59.8 wt.% 10 ELAMHMDILTIZT3 ¢
pol y(oxypropyl ene) triol starter conpoundg(nunber average nol ecul ar wei ght
= 440 g/nol) and 0.30 g DMC catal yst (50 ppm based on the quantity of the
| ong-chain polyether polyol to be produced) are placed under protective
gas (nitrogen) in a 10 1 15 gl ass pressure flask and heated to 105C, with
stirring. Thenfg&ﬁﬁhepe oxi de/ propyl ene oxide mxture in the weight ratio
89.4:10.6 (approx. g) is added all at once, until the total pressure
has risen to 1.5 bar. Further ethylene oxi de/ propyl ene oxide m xture is

then only adde ain. if an res re | 0oss_i s _opserved., This
nccel erated - prad Sl p@PyRRT Fef ST RaP ERg toles Hipef rOBEHE R Then
the rest of t hmetglmdlmﬂ 0200 gommdnfamﬁwbrppm, twsm the dautity of thetlbigz-ohainght
ratio 89.4.10.6 (5027 q I s added _contjnuously at a constant t.ot al
pressure of 1. Folysther pdlydd to heyarofycsd) a¢ plapgd 't‘ﬂ%'f RIPIRSHVE #8s (n3928®) 1B 3d 0 hours
post -react | on e pbsukhCk anPheol b1 BBUISHilnl 4iHS TR GrdflyReht b eBhitx A1
105C (1 nbar) and Phe mxture 1 s subsequently cool ed’'to room tenhperature.
25 The | ong- chaerﬁ g)ab yuédddeall ptom;cg,l usthithd tetal pressure haOrsanatoubs dar. F8irtherny
KOH g, a content bon a_cont ent .of ry OH
groups of 81 ndl 9% A ene Rd A x{de (lzsotrlt] y ?Jed AEL ﬁy"f“e%%e l%r?ttl st'mfgsslf t’se’f%eg‘SO WO
00/ 64963 -9 Exarid gcde@ted pﬁEﬁre?B&BmdlEﬁEa QR W?xs&éﬂv@dpm‘heh(tﬁé()&@fﬁ‘pyl ene)
triol starter conpound (nupber avera e nol ecul ar wei g = 446 g/ nol) and

0.30 g DMt0cat dhs/BroPYlsws o3l (23R e Frgma'epalﬁlmatg/cetmtlmtat tfﬁijurew&lﬁ
pol yet her POl Qlar theR BthPERAAER Do leRe BLACHANHOAGhe RERhF4 802098508 g st rogen)

in a 10

added continuously at a constant total pressure of 1.5 bar. After addition of all the

alkylene oxide and 5 hours post-reaction time at 105°C, volatile constituents are

distilled off at 105°C (1 mbar) and the mixture is subsequently cooled to room
15 temperature.

The long-chain polyether polyol obtained has an OH value of 53.9 mg KOH/g, a
content of double bonds of 5 mMol/kg, a content of primary OH groups of 52 mol%
and a content of oxyethylene units of 38.8 wt.%.

20

Example 4

840 g poly(oxypropylene) triol starter compound (number average molecular weight =
446 g/mol) and 0.30 g DMC catalyst (50 ppm, based on the quantity of the long-chain
25 polyether polyol to be produced) are placed under protective gas (nitrogen) inaldl
glass pressure flask and heated to 105°C, with stirring. Then propylene oxide (approx.
100 g) is added all at once, unti! the total pressure has risen to 1.5 bar. Further |
propylene oxide is then only added again if an accelerated pressure loss is observed.
This accelerated pressure loss indicates that the catalyst is activated. Then the rest of
30 the propylene oxide (989 g) is added continuously at a constant total pressure of 1.5
bar. Then ethylene oxide/propylene oxide mixture in the weight ratio 80:20 (4071 g) is




gl ass pressure flask and heated to 105C, with stirring. Then propyl eflé SEP 2003
oxi de (approx. WQew4fs i s added all at once, until the tot HCTHEPOEBEe has
risen to 1.5 bar. Further propylene oxigg.is then only added again if an
accel erated pressure loss is observed. This accelerated pressure |oss
indicates that the catalyst is activated. Then the rest of 10 the propyl ene
oxi de (2152 g) is added continuously at a constant total pressure of 1.5
0ol ginon. ethylng QiR g%xlcﬁﬁawmrﬁﬁ,ré&a&wm'  Dffer WREEBS of i g 80: 20
(2908 g) is added conti nudusl a constant total pressure 019 1.5 bar

After addition aiylenk|oxidecandaf l&ybhlsrwsmaﬁenam 8 HBIC, quhm constiweitomret | e at
105C, volatile sti tuent S..Aar isti]led off at 105 )..and the
mxture is subsﬁ%ﬁig%t%mci)%q Qo(?t%gar‘)og‘?’d the P, & AYRSF '(ﬂ%‘h‘éool?eg -8 n

pol yet her pol yokmphirgiened has an OH val ue of 53.9 ng KOH g, a content of
doubl e bonds of 5 mwl/kg, a content of primary OH groups of 52 mol % and a
content of 5oxyet hyl ene units of 38.8 w.% 20 Exanple 4 840

pol y(oxypropyl eﬂﬁ)loﬁ%—bl%n B&\}%&B&rpofy%mﬁddﬁgd hAURPOE AN 8195‘4(5"&{ Rtﬂlﬁé arei ght
= 446 g/nmol) and O catal’yst (50 ppm based on the quantity of the
| ong-chain 25 p@lnyrettbfeiouwelbynﬂs of @ TDMOWFQDGIIQM ofipamisly £& grouprdeiro 7pnad¥ect i ve
gas (nitrogen) I e sk and heated to 105C, with
stirring. Then %@o%ﬁﬂtgm]ofog gﬂ?et’glbnﬁ%%gg&%% is added all at once, until
the total pressure has risen to 1.5 bar. Further propyl ene oxide is then
only added again if an accelerated pressure loss is observed. This

accel erated pressure loss indicates that the catalyst is activated. Then
the rest of 30 the propyl ene oxide (989 g) is added continuously at a
constant total pressure of 1.5 bar. Then ethyl ene oxi de/ propyl ene oxi de

m xture in the weight ratio 80:20 (4071 g) is WO 00/64963 0 9 SEP 2001

PCT/ EPOO/ 03217
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-10 5 added continuously at a constant total pressure of 1.5 bar.
addi tion of al WQM®4963 kyl ene oxi de and 5 hours post-react PBHERWOREIHt 105C,
- volatile constituents are distilled off{pat 105C (1 nbar) and the m xture
‘ I s subsequently cooled to room tenperature. The |ong-chain pol yether
pol yol obtained has an OH value of 54.0 ng KOH g, a content of double
bonds of 2 mwbl/kg, a content of primary OH groups of 67 nol % and a

content of o%ene units of 54.3 wL% WD 00/64963 -11 Clains . 0 9 SEP
2003 PCT/ EP 7 1. Pol yether polyols having a content of primary OH
groups of 50 to 95 nol % and a total content of oxyethylene units of rmre

than 25 wt. % i ch oxyet h oX | en

produced in th preggﬁﬁtgmﬁ?yzgﬂ% CIof 1 s&@%ﬁﬁ%@ﬁé%%gq 5‘0 &cordl ng
to claim1, having anm»mwrmﬁmwgﬁyemﬁ&ewwfmwuﬁhum&/elvaﬂ@.ﬁaoe 400, 000
g/ nol . 10 3. Process for producing the p ols according to claim1l or 2,
wherein stérter PP (pryeihyiengio qn?)eF“H§ tckprofucad vRse pipeenieia DMC by

DMC- cat al ysed * poI yg&égl on, with an ethyl ene oxi de/ propyl ene oxi de m xture
in the weight rati PO of 40:60 to 95:5. 15 4. , Process according to.
claim3, wherein starter conpounds having 1 to 8

2. Polyether polyols according to claim I, having a number average molecular
weight of 1,000 to 100,000 g/mol.
10
3 Process for producing the polyols according to claim 1 or 2, wherein starter
compounds having active hydrogen atoms are reacted, by DMC-catalysed
polyaddition, with an ethylene oxide/propylene oxide mixture in the weight
ratio EO:PO of 40:60 to 95:5.
15
4.  Process according to claim 3, wherein starter compounds having 1 to 8
hydroxyl groups and a molecular weight of 18 to 2,000 g/mol are used.

5. Process according to claim 3 or 4, wherein oligomeric propoxylated starter
20 compounds having 1 to 8 hydroxyl groups and number average molecular
- weights of 200 to 2,000 g/mol are used as starter compounds having active

hydrogen atoms.

6. Process according to one of claims 3 to 5, wherein the starter compound having
25 active hydrogen atoms is first of all extended by DMC-catalysed
propoxylation, and subsequently, from this extended propoxylated intermedi-
ate, by DMC-catalysed polyaddition to an ethylene oxide/propylene oxide
mixture in the weight ratio EO:PO of 40:60 to 95:5 as end block, a long-chain
polyether polyol having a content of primary OH groups of 50 to 95 mol% and
30 a total content of oxyethylene units of more than 25 wt.% is produced.
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~ hydroxyl
| Process accor diw@owedsd| ai m 3 or 4, wherein oligomeric prop®CyERPMI2ISt art er

- 20 conpounds having 1 to 8 hydroxyl grougs_and nunber average nol ecul ar
wei ghts of 200 to 2,000 g/nol are used as starter conpounds having active
hydr ogen atons. 6. Process according to one of clains 3 to 5, wherein the
starter conpound having 25 active hydrogen atons is first of all extended
by DMC-catalys pr I eS ept.ly, j
propoxyl ated i ﬁ'?er rre QésX %Eérﬁ{% %I\f% cgﬁjgl %eg t% cfda;% ﬁ%unbthgégﬁgggﬂyl ene
oxi de/ pr opyl ene oxi gelyadditichuof ﬁxcleﬂayteheomm/gbpylermtomﬂe hxtH©aoéndMlodkGo the 95: 5

as end bl ock, a long-chain 1P et her . havi n nt ent of i mary OH
groups of 50 to 95 MBI, cCAmEounsshaymepcliye 8Fﬂg8’i’1?t°’6‘1° &V@gﬂ%%%‘mﬁﬁg{"? of
Tore than 25 vt 96 i s pireckienc, WO bRASS or 100D 19 268k ARGBioRY iR 03217
7. Process according to one of clains to 6, wherein the - cat al ysed

pol yaddi ti &n of thepmﬁef@lmqms@b’ymene oxide m xture as end block to
the starter conpounds having active hydrogen atons is carried out at
tenperatures of 20C to 200C, at total pressures of 0.001 to 20 bar and
optionally in the E'rqn:bs&emﬁnpfo oma of ¢laims 306 Q,aﬂieﬁeilﬁthb‘mﬁlﬁ-catﬂystﬁh‘md?'ﬁls
according to one of clains, i i

concentrations of 0 cﬁ'éff“%tm% f’g 0o} W/r"oe)é’n%L Q/E(I\)gs?‘ﬁt 3 HP‘IH%VUB?%"LQ

pol yet her pol yol t o JBRefhbGdNeEH beptbdicedUse of the pol yether polyols
according to claim1 or 2 for the production of polyurethanes,

pol yur et hdfle ureas or pol yureas.
9. Use of the polyether polyols according to claim 1 or 2 for the production of

polyurethanes, polyurethane ureas or polyureas.



