TS 6533 .~ - POLYETHER POLYOL FORIf b 11 53] -“]PREPARI NG RI G D
POLYURETHANE FQANMS The present invention rq P@) )es to a pol yet her -
polyol, to a process for its preparation, to a pollyether polyol blend . .
conprising this polyol and to a rigid polyurethane foam prepared by foam ng
a conposition conprising said polyether polyol or polyol blend. Rigid.
pol yuret hane foanms are well known in the acrtjiand have nunerous
applications, particularly as an insulating material. Exanples include
insulation of refrigerators and freezers, insulation of pipes ang tea3es in
i ndustrial plants and use as insulating material in the constructron '

I ndustry. It will be appreci fic application puts
its own requirenents on the rlgn§p§¥§ uret @ﬁﬂsﬁ §$to be used. The present
i nvention particularly fdﬁ&ﬁ&ﬁlﬂﬁ[REﬁ&DhE@P%URE@HHNEOFQBMéthane f oam whi ch

~is especially suitable for use as an insulating naterial for pipes used in
the district hot water transportation. Such pipe |nsulat|nghfoan1nust have

sufficient flow profemissenty e e Mo iRt yE? Mt ceghvaEhererobake to
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for a long tinme mnthout an deteriordllo
~ Rigid polyurethane foams are well known in the art

and have numerous applications, particularly as an

insulating material. Examples include insulation of

refrigerators and freezers, insulation of pipes and

tanks in industrial plants and use as insulating

material in the construction industry.

It will be appreciated that each specific
application puts its own requirements on the rigid
polyurethane foam to be used. The present invention
particularly focuses on providing a rigid polyurethane
‘foam whlch is especially suitable for use as an
lnsulatlnq material for pipes used in the district hot
water transportation. Such pipe insulating foam must '
have sufficient flow properties to ensure homogeneity
throughout the volume to be filled, whereby it, for
instance, must be borne in mind that the pipes to be
insulated usually have lengths of more than three
metres. Since the water to be transported via the
district heating networks usually has temperatures of up
to 130 °C with peaks up to 140 °C during the wintertime,
the pipe composite must be able to withstand such |
temperatures for a long time without any deterioration
of the composite occurring as a result of thermal stress
forces. This requirement particularly applies for the
insulating layers which are closest to the hot steel

o e ¥ - . Y
;O - B g Uy g ¥
%o N . . LBk



of- the conposite occurring as a result of thermal stress forces. This

requi kenent particularly applies for the insulating |ayers which-are
cl osest to the hot steel -2 plpe.
Here, mini mum adhesion to the inner side of the outer pipe (e.g.
corona-treated hi gh density pol yethyl ene) and outer side of the inner pipe
(usually steel) as well as optinum nechani caly strength and high tenperature
resistance of the insulating material is essential. The district heating
networks in Eagipen Herepemevémumpashbeidh ftodlttle tiameer alidees ft hiafe t hose

Vst E th necessitatin Qsites mhlch can w thstand
{gnpefaSLpesur gg% Eggfeﬁ§fg‘fSPrP8%g%§§FF8 4 36 BF8S1FYi s puts even nore
stringent denapddyekhyhenei gaddpolyeresliaee offodine uaaéra$1phe0ukuﬁkmyng
raterial of theckeansaar ashousPbRes un moB il SRLAL AR SLIY Mg, ¢ e

final properties of a ri ane foami he nature o arting
mat eri al s fronFﬁﬁPéﬁatPrPsrﬁﬁhﬁ ascar ed. thﬁelP?Néaéﬁ@gcaﬁﬁ@ﬁuﬂhnliﬁ t he

| socyanat $hcon§§seﬁltlamd rhe a&bxehc%om%%b %reQw\S%'iégr {lﬁm@%}s%r(?é‘;[ﬂl gn;hl 'Sl'he
respect. This has al so_been rec e many prior pu
present invent FBh°PEcGYEL 8Refﬁ ?S géﬁgeﬁéFﬁﬁgeGPtpﬁés S¢S theRforidht .

It has been foﬂathHatEbyopeunghasspecetsdtpmhm@ plpegbdmp@bmu§§iunm§hcan
be manuf act ur edaihisg BrR4Aaeteabkeak TBENARGA! 1300 oLherml ORELich:

thus making it ver material, particd
pi pes used in Gfstﬂmét ﬁéaﬁuﬁgtﬁeemgnkmore stringest BememdsSpecittiecation

No. 4,581, 388, ragRHOBBIFUEEEhRRRPEHLAS as@aeta@ar&ﬁemﬁ'shu%@lﬁ@ Watupsanat e
of the transportation pipes.

A major factor determining the final properties of a
rigid polyurethane foam is the nature of the starting
materials from which it is manufactured. The type and
composition of the isocyanate component and the polyol
component are very important in this respect. This has
also been recognised in many prior art publications. The
present invention focuses on the type and nature of the
polyol component. It has been found that by using a
specific polyol, rigid polyurethanes can be manufactured -
which have excellent mechanical and thermal properties,
thus making it a very suitable insulating material,
particularly for the pipes used in district heating
networks..

In U.S. Patent Specification No. 4,581,388, a
process for preparing a urethane-modified polyisocyanate
is disclosed which is obtained by reacting an organic
polyisocyanate, suitably-an aromatic polyisocyanate,
with an organic polyhydroxyl compound comprising an
alkoxylated bisphenol having a hydroxyl number of from
112 to 389, optionally in admixture with other

- —aliphatic - polyhydroxyl compounds, such as various
glycols and alkoxy adducts thereof and/or alkoxy adducts
of trihydrié alcohols like glycerol and trimethylol



I s disclosed which is obtained by reacting an organi c pol yi socyanate,
suitably an aromatic pol yi socyanate, with an organi c pol yhydroxyl conpound
conpri sing an al koxyl ated bi sphenol having a hydroxyl nunmber of -from 112 to
389, optionally in adm xture with other -aliphatic - pol yhydroxyl
conpounds, such as various glycols and al koxy adducts thereofiand/ or al koxy
adducts of trihydric alcohols like glyceral jand trinethyl ol _ ,
-3- propane. The reaction between the polyisocyanate and the pol yhydroxyl

conpound(s) igrdpid eariulir i dhale thieri athe $61NELEQaRbtequndalteRt s has
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pol yol used cqﬂgéjses a m xture of al koxy|] ated hi sphenol A and al koxyl at ed

aromatic di arRGbY tIRPRAHE SRRPFIRT ettt bye BrPEHGFaRBIPEnFAE LA,
Addi ti onal | y,sdnie- pDyyd| anhyf Caxilol e pdEyarettRafeakkaxgl.ated aromatic

have | mor oved hesth riatState & nertt ARl fratiSp R sa- B8R BREI TR R eI 7S 1

Pat ent Speci fNezat39mdNo23 5, 2RFid (aolyheethgnd fobmar srkapsofivgesl divscl osed

in the af or esgd£-YaRGNESSo RPPLbEPAA 2 e Nena58- $62931258 ShahedmbAn
that the ratio of NCO to OH equivalents has a value of
from 100 to 180. The polyol used comprises a mixture of
alkoxylated bisphenol A and alkoxylated aromatic diamino
compounds exemplified by 2,6-tolylenediamine.
Additionally, the polyol may contain one or more
alkoxylated aromatic polyhydric compounds such as
hydroquinone. The foams produced are stated to have
improved heat resistance and impact resistance.

However, in U.S. Patent Specification No. 5,225,101,

the rigid polyurethane foams disclosed in the aforesaid
Japanese Publication No. 59-47223 are stated to be
insufficient in mechanical strength, such as in
toughness. The polyol composition disclosed in this U.S.
patent specification is stated to result in rigid
polyurethane foams'having both excellent heat resistance
and mechanical properties, particularly an excellent
toughness. The polycl composition disclosed comprises 20
to 50% by weight of an alkoxylated hydroquinone having a
hydroxyl value of from 50 to 480. The remainder of the
polyol composifion up to 100% by weight is formed by a
second polyol having a hydroxyl value of at least 400
and consisting of one or more alkoxylated polyhydric
alcohols having a functionality of at least three and/or
one or more alkoxylated polyamino compounds, optionally



i_nsufficient in mechanical strength, such as in toughness. The polyol
conpgsition disclosed in this U S. patent specification is stated - to result
in rigid pol yurethane foanms having both excellent heat resistance and
mechani cal properties, particularly an excellent toughness. The pol yol
conposition disclosed conprises 20 to 50% by wei ght of an al koxyl at ed

hydr oqui none havi ng a hydroxyl value of from 50 to 480. The remmi nder of

t he pol yol conposition up to 100% by weight is formed by a second pol yol
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resistance and mechanical properties are put on the
polyurethane insulating layers, further optimisation of
the properties of the rigid polyurethane foams to be
used is possible. The present invention aims to provide
such rigid polyurethane foam having improved properties.
More specifically, the present invention aims to provide
rigid polyurethane foams having excellent'high
temperature resistance and excellent mechanical
properties, thus making them very suitable as insulating
material for steel pipes used in the hot water
transportation system of district heating networks.

These and other objectives have been achieved by
using a specific polyether polyol blend as part of the
polyol component, which, upon foaming after reaction
with a suitable polyisocyanate component, results in a
rigid polyurethane foam having the desired properties.
Accordingly, the present invention relates to a

polyether polyol having an aromaticity in the range of
from 2% to 35%, an average nominal functionality (Fn) in -
the range of from 2.0 tc 4.5 and a hydroxyl wvalue in the
range of from 390 to 650 mg KOH/g, whereby the aromatic
carbon atoms are contained in structural moieties of the
general formula



ri.gi d pol yurethane foans having excellent high tenperature resistance and
excel kent nechani cal properties, thus making themvery suitable as .
insulating material for steel pipes used in the hot water transportation
system of district heating networks. These and ot her objectives have )
been ‘achi eved by using a specific polyether polyol blend as part of the
pol yol conponent, which, upon foam ng after- reeaction with a suitable

pol yi socyanat e conponent, results in a rigid pol yurethane foam having the

desired properties. Accordlngly he prﬁﬁﬁg invention relates to a
pol yet her pol yol having an aromatic |H1t ange of from2%to 35% an
average nom nal functionality (Fné‘éE}Lb of from2.0 tc 4.5 and a
hydroxyl value in the range of Lg 0fo OH g, whereby the

aromatic carbon atonms are contained in sRtuctural noieties of the general
formul a [err] wherein both Rl groups |ndependently

s i ndependent |
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expression "ar®¥edi CitG3 adkpisgroupheboehgh? peoupst dgeepknalentdly c car bon
atoms, i.e. Caf@ﬁ?eééﬁﬂsa Cl-Cc3 alkyl group; and n is an integer of

from 0 to 3. _

The expression "aromaticity" refers to the weight
percentage of aromatic carbon atoms, i.e. carbon atoms
contained in an aromatic ring structure, present in a
compound or formulation relative to the total weight of
the compound or formulation. If the aromaticity of a
formulation comprising polyisocyanate, water and polyol
is to be determined, the total weight of the formulation
is corrected for the weight of carbon dioxide formed in
the isocyanate/water reaction. Thus, in this case the
weight of the carbon dioxide formed in the isocyanate/-
water reaction is subtracted from the sum of the weight
of all individual components to arrive at the total
weight of the formulation. The aromatic carbons in_the
polyol according to the present invention are all
contained in the structural moieties defined above.

The aromaticity of the polyether polyol is in the
range of from 2% to 35% and preferably has a value in
the range of from 5 to 35%, more preferably from 10 to
35%, whilst very good results have also been attained
with polyether polyols having an aromaticity of from 20
to 33%. The average nominal functionality Fn of the
polyether polyol should be in the range of from 2.0 to
4.5, whereby those polyether polyols having a
functionality of from 2.2 to 4.0 are preferred. The
hydroxyl value of the polyether polyol should be in the
range of from 390 to 650 mg KOH/g, whilst very good



contained in an aromatic ring structure, present in a conpound -or
formul ation relative to the total weight of the conmpound or formulation. |f
the aromaticity of a formulation conprising polyisocyanate, water and .
polyol is to be determ ned, the total weight of the fornulation is
corrécted for the weight of carbon di oxide fornmed in the isocyanate/water
reaction. Thus, in this case the weight of-te-carbon dioxide fornmed in the
| socyanate/- water reaction is subtracted fromthe sum of-fhe weight of al
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originate frogla%%gytu%h R2 representing a methyl group) and both Rl
groups independently being hydrogen, methyl or ethyl.
The most preferred structural moieties are those of the
above formula wherein n is equal to zero and both Rl
groups are methyl or both Rl groups are hydrogen as
exemplified by moieties originating from
diphenylolpropane and diphenylolmethane, respectively.
4,4'-Diphenylolpropane is also known as Bisphenol A,
whilst 4,4'-diphenylolmethane is known as Bisphenol F.
Of these, the Bisphenol A-like structure is most
preferred.

In general, a polyether polyol can be obtained by
the alkoxylation, i.e. reaction with alkylene oxide, of
a suitable polyhydric alcohol component. It has been
found that the present polyether polyol can be obtained
by using a blend of specific polyhydric alcohols as the
polyhydric alcohol component, which blend is reacted
with an alkylene oxide. It will be understood that by
reacting a blend of polyhydric alcohols with alkylene
oxide, the molecular structure of the resulting
polyethef polyol product will be entirely different from
a polyether polyol product obtained by first reacting
‘each individual polyhydric alcohol with alkylene oxide
followed by blending the resulting polyether polyols.



pol yhydric al cohols of the diphenylol alkane-type. In principle any :
structural nmoiety falling within the definitions given for Rl,  R2 and n. nay
be used. However, preferred noieties are those having at nost one nethyl
group attached to the aromatic ring (i.e. n equals zero or one with>R2 °
representing a nmethyl group) and both Rl groups independently being .

hydr ogen, nmethyl or ethyl. The nost preferred structural npieties are those
of the above fornmula wherein n is equal to zero and both Rl groups are
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process is, for I nstance, dlsclozed | ;

wherein both Rl groups independently represent

hydrogen or a C1-C3 alkyl group; both R2 groups

independently represent a Cl-C3 alkyl group; and n

is an integer of from 0 to 3; and
(b) at least one aliphatic or alicyclic polyhydric

alcohol having a functionality of at least 2.0.

In general, preparing polyether polyols by
alkoxylating of a polyhydric alcohol, i.e. reacting an
alkylene oxide with a polyhydric alcohol, is well known
in the art. In the present process, a blend of
polyhydric alcohols is reacted with alkylene oxide. The
polyhydric alcohols used in the present process are
suitably added sequentially to the reactor prior to
alkoxylation. Process conditions are those
conventionally applied, i.e. temperatures in the range
of from 80 and 150 °C and pressures up to and including
10 bar. The catalyst used may be any catalyst known in
the art for preparing polyether polyols. Both acid and
basic catalysts can, accordingly, be used. Examples of
acid catalysts include Lewis acids like boron

trifluoride, stannic chloride or combinations of ferric



aforenmentioned U S. Patent Specifications Nos. 4,581,388 and 5,225, 101 as
the manner for obtaining the products disclosed thereln ‘Accordi ngly,
the present invention also relates to a process for the preparation of a
pol yet her pol yol as described above, which process conprises reacting an
al kyl ene oxide with a polyhydric al cohol blend conprising: (a).a conpound
according to the general fornula [err] - g8 - Wherein both Rl groups -

i ndependent |y represent hydrogen or a C1-C3 alkyl group; both R2 groups. .

|ndependentlydﬂwﬂsﬁwtwﬁtﬁltrﬁbr@lﬂ(whwm &gk nche pmﬁpm of
fromO to 3; and . &t | egst _on alkphatlc ar aI|c gzpol hydrlc
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conblnatlons gnvenygiqn, are ethylene oxide, propylene oxide and |
butylene oxide. For the purpose of the present invention
it is, however, preferred to use ethylene oxide,
propylene oxide or a mixture thereof. After completion
of the alkoxylation reaction, the catalyst is suitably
removed by neutralization with a suitable neutralizing
agent, such as phosphoric acid or
disodiumdihydrogenpyrophosphate.
The aromatic polyhydric alcohol having the formula
indicated above may in prinéiple be any diphenylol
alkane falling within the definitions given for R1l, R2
and n. However, preferred compounds are those having at
most one methyl group attached to the aromatic ring
(i.e. n equals zero or one with R2 representing a methyl
group) and both Rl groups independently being hydrogen,
methyl or ethyl. The most preferred compounds are those
compounds of the above formula wherein n is equal to
zero and both Rl groups are methyl or both Rl groups are
hydrogen as exemplified by Bisphenol A and Bisphenol F,
respectively. Of these, Bisphenol A is most preferred.
The aliphatic or alicyclic polyhydric alcohol uéed-
as component (b) may be any such alcohol or mixture of
alcohols having a Fn of 2.0 or more, suitably of from 2
to 8. Examples, then, include diols like diethylene
glycol, monoethylene glycol, monopropylene glycol and
dipropylene glycol, and polyols like glycerol, tri-



-8- chloride with thionyl chloride. For the purpose of the present

I nvention, however, basic catalysts are preferred. The basic catal yst nost
commonl y used is potassium hydroxi de. The catal yst is suitably added to the
reactor after all polyhydric alcohols have been added and before the

al kylene oxide is added. The ampbunt of catalyst used is in the range
normal |y applied, i.e. fromO0.05 to 2% by weigght on final product. Al kylene
oxi des usually applied, and al so useful for the present invention, are
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The polyether polyols of the present invention
produce useful rigid polyurethane foams when foamed with
an aromatic polyisocyanate.

| In order to produce rigid polyurethane foams which
are very useful as insulating material in district
heating pipes, it has been found that a polyol according
to the present invention or a polyol blend comprising
such polyol, whereby this polyol or polyol blend has an
aromaticity in the range of from 2 to 10% and a Fn in
the range of from 2.5 to 5.0 equivalents per mole
(eg/mole) gives excellent results. Accordingly, those
polyols according to the present invention which have an
aromaticity in the range of from 2 to 10% and a Fn in
the range of from 2.5 to 4.5 eq/mole may be used as such
for preparing the desired rigid polyurethane foams. A
polyether polyol of the invention may also be blended
with at least one aliphatic and/or alicyclic polyether
polyol in such amount that the resulting polyol blend
has an aromaticity in the range of from 2 to 10% and a



-9- nethylol propane, sucrose, sorbitol, pentaerythritol and diglycerine.
I'n a.particularly preferred enbodi ment conponent (b) conprises an aliphatic
pol yhydric al cohol having a Fn in the range of from2 to 4, such as a

gl ycol or glycerol, and an aliphatic polyhydric alcohol having a Fn i'n the
range of from5 to 8, such as sorbitol and sucrose. The pol yet her

pol yol according to the present invention.nygt-neet the requirenents with-
respect to aromaticity and aromatic carbon atoms, Fn and hydroxyl value as
defined herei pheiar eheThaager eguifefmeat s toget.loeléq\mnbhet he aaltdyddreer Ioxi de

used and exactgikéuct %gﬁgﬁggggggg?;oggté%ﬁggq eﬁe S%;éf @d@@uylé:gﬂcohol

pol yol (i uantltles
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pipes, it has beeAcf:@tracint;hqt, @hléowelsea%cq&ﬁemm e P RIHesd e | ON
or a polyol bleg ¢TP 'Sﬁ&% 5& o whereby this polyol or polyol
bl end has an BP&M&ET POHYOh Eﬁg BFTS3R% to 10% and a Fn in the
range of from(2)5at @oay@tbqun vallgntls apeders::lre_b(eeqhuﬁee.)nb@ﬁm,excel | ent

results. Accordin rgfe&QBE?hB?%yﬂ %1ﬁgcgﬁq' JHT% ¢§§ H%*ﬁﬂ%‘?ﬂe

whi ch have an arohaticit rom o an
range of from2.5 F@m41@ &§/ dofte ﬁﬁﬁ be used as such

{2} an aliphatic or alicyclic polyether polyol or blend
of two or more aliphatic or alicyclic polyether |
polyols, which polyol or blend of polyols has a Fn
of at least 2.5, -

whereby the amounts of components (1) and (2) are such

that the polyether polyol blend has an aromaticity in
the range of from 2 to 10% and a Fn in the range of from

2.5 to 5.0 eg/mole. '

In practice, it has been found that the amounts of
ccmponents (1) and (2) éuitably are in the range of from
10 to 50 parts by weight (pbw), preferably 15 to 30 pbw,
of component (1) and up to a total of 100 pbw of .
component (2).

Component (2) may be any aliphatic or alicyclic
polyether polyol or blend of two or more of these
polyols having a Fn of 2.5 or more, provided it results
in a polyol blend meeting the indicated requirements
with respect to Fn and aromaticity when blended with the
aforesaid polyether polyol. Examples include alkoxy

- adducts of pentaerythritol, sucrose and sorbitol.

Polyether polyols or polyol blends useful as component

(2) are also available as commercial products. Examples

are CARADOL GB 250-01, CARADOL GB 475-01, CARADOL

GB 570-01 and CARADOL PP-520-03 (CARADOL is a trade

namé).



for preparing the desired rigid pol yurethane foans. A polyether polyol of
the invention may al so be blended with at |east one aliphatié and/or -
alicyclic polyether polyol in such amount that the resulting polyol blend
has an aromaticity in the range of from2 to 10% and a :

- 10 - Fn in the range of from2.5 to 5.0 eqg/ nole. Partlcularly | f the
pol yet her pol yol as described hereinbefore has an aromaticity of nore than
10% ie between 10 and 35% such blending is useful to obtain a polyol

meeting the said rgdu & 5 o¥ gly, the
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pr esent |nvent|on alsqg relates to a Iyethenugqﬁ¥ol bl'e nPr|S|ng (1) a

pol yet her pol POLYRL RS B rery ¥y eval et FAARIDRE hEFPRg an

aromaticity indoheo a88E mf KOH/J,F abdd proe BH4b P U (R)t@nssd imdpati c or
alicyclic pol r polyol or blend of two or nore aliphatic or
alicyclic pol & pol yol s, which polyol or blend of polyols has a Fn
of at least 2.5, Wsehasy alreadpbaaen oiisungsekmoyd,) el g29seme such

that the pol ygthein iy didd end dasy, laams os@tirgé&y?&fk@ehﬁax&@ﬂga%hi&ﬁm2

to 10% and a Fn in the range of fron1 5to I'n practice
it has been f&ﬁw@%‘%’tc‘%w bf %%ﬁ%%lf&g_)P%s(@?e@ul-@abl y are

in the range ofidtwigtlhdachly n%&vsoﬁys el @Mhag p@é@n ﬂs@xﬁ@r@@ét{ Bp to 30
pbw, of conponent %ég and u to a toggl of 100 p ne é
Comonent () SRR A\F ARG GrOBRTLTERT FHASE RFOLEr PR or bl end
of two or noreafydhese defined above having a certain aromatlcn.ty and
Fn, or the polyether polyol blend defined above, as the
polyol reactant and an aromatic polyisocyanate reactant,
whereby the polyol reactant should account for a
specified percentage of the total aromaticity of the
polyurethane product, a rigid polyurethane foam is
obtained having excellent mechanical properties and
heat-resistance, thus making it very suitable as a pipe
insulating material. '

Accordingly, the present invention further relates
to a rigid polyurethane foam having a total aromaticity
in the range of from 35% to 50%, preferably from 40 to
45%, obtainable by foamlng a compOSLtlon comprising (1)
a polyol reactant consisting essentially of a polyether
polyol described hereinbefore provided it has an
aromaticity in the range of from 2 to 10% and a Fn in
the range of from 2.5 to 4.5 or of a polyether polyol
blend as described hereinbefore which meets these
requirements and (ii) an aromatic polyisocyanate in such
amount that the isocyanate index is in the range of from
100 to 150, preferably from 105 to 140, whereby the
polyol reactant accounts for in the range of from 1 to
10% of the total aromaticity of the rigid polyurethane
foam.

It is important that from 1 to 10%, preferably 2 to
8%, of the total aromaticity of the rigid polyurethane



pol yols having a Fn of 2.5 or nore, provided it results in a polyol blend .
meeti.ng the indicated requirements with respect to Fn and aromaticity when
bl ended with the aforesai d pol yether polyol. Exanples include:ral koxy o
adducts of pentaerythritol, sucrose and sorbitol. Polyether polyols or.

pol yol bl ends useful as conmponent (2) are also avail able as conmerci al
products. Exanples are CARADOL GB 250-01, CARADOL GB 475-01, CARADOL GB
570-01 and CARADOL PP 520-03 (CARADCL is a trade nane). P In a
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the range of from 100 to 150, preferably from 105 to
140. ' _

The aromatic polyisocyanate may be any aromatic di-,
tri-, tetra- and higher isocyanate known in the art to
be suitably applied in the production of rigid
polyurethane foams. Mixtures of two or more of such
aromatic polyisocyanates may also be applied. Examples
of suitably aromatic polyisocyanates then include 2,4-
toluene diisocyanate, 2,6-toluene diisocyanate, mixtures
of 2,4- and 2,6-toluene diisocyanates, 1,5-naphthene
diisocyanate, 2,4-methoxyphenyl diisocyanate, 4,4'-
diphenylmethane diisocyanate (MDI), 4,4'-biphenylene
diisocyanate, 3,3'-dimethoxy-4,4'-biphenylene
diisocyanate, 3,3'-dimethyl-4,4'-biphenylene
diisocyanate and 3,3'-dimethyl-4,4'-diphenylmethane
diisocyanate, 4,4’,4"~triphehylmethane triisocyanate,
2,4,6-toluene triisocyanate, 4,4'-dimethyl-2,2',5,5'-
diphenylmethane tetraisocyanate, polymethylene- _
polyphenylene polyisocyanate and mixtures of two or more
of these. The preferred polyisocyanate, however, is
polymeric MDI, a mixture of polyisocyanates with MDI as
the main component. Examples of commercially available
polymeric MDI grades are CARADATE 30, DESMODUR 44V20 and
SUPRASEC VM90HF (CARADATE, DESMODUR and SUPRASEC are
trade names).



in the range of from35%to 50% preferably from40 to 4596 _obt ai nabl e by
foam ng a conposition conprising (i) a polyol reactant conS|st|ng .,
essentially of a polyether polyol described hereinbefore provided. it has an
aromaticity in the range of from2 to 10% and a Fn in the range of x«from 2.5
to 4.5 or of a polyether polyol blend as described herei nbefore which neets
these requirenents and (ii) an aromatic pal yfizsacyanate in such anount that
the isocyanate index is in the range of from 100 to 150, preferably from

105 to 140, whereby the @%)d@ct&%cfo@tth@qul@ gy re tifind aﬂg@noétf rom1
to 10% of the_ total aronaticity of the yur et hane fo It is
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it very suitallg r%%&iF¥d¥ﬂ§ﬂ5§“fﬁédﬁhﬂﬁgd”ﬂﬁg -in sitAS fSrEfPEsRl by known,
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as the equiyval enc tio of Is anat e
groups to actithe midish aé‘to‘n%m%rF%qu}fﬁbtlp\feﬁ}l% t%@ﬁ%‘ﬁ%l
reactant and \witalysis ansdrdegmeibdd hid rmzﬁ;ﬁé;aﬂwammtspémfhcatlon
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tetra- and hi gleatbaryichareticdk reowh drgartmmetalkioc beamyabw a:p@mpbelm n the
production of g giff table tertiary amines are triethylene diamine, N-

methylmorpholine, N-ethylmorpholine, diethylethanol-
amine, N-cocomorpholine, l-methyl-4-dimethylaminocethyl-
piperazine, 3-methoxypropyldimethylamine, N}N,N'-
trimethylisopropyl propylénediamine, 3-diethylamino
propyldiethylamine, dimethylbenzylamine and dimethyl-
cyclohexylamine. An example of a carboxylic'acid salt
useful as a catalyst is sodium acetate. Suitable
organometallic catalysts include stannous octoate,
stannous oleaﬁe, stannous acetate, stannous laureate,
lead octoate, lead naphthenate, nickel naphthenate, _
cobalt naphthenate and dibutyltin dichloride. Further
examples of organometallic compounds useful as catalyst
in the production of polyurethanes are described in U.S.
Patent Specification No. 2,846,408. Of course, mixtures
of two or more of the above catalysts may also be
applied. For the purpose of the present invention it has
been found particularly advantageous to use dimethyl-
cyclohexylamine.

The amounts in which the catalyst is used usually
lies in the range of from 0.01 to 5.0 pbw, more suitably
in the range of from 0.2 to 2.0 pbw, per 100 pbw of
polyether polyol reactant. .

Suitable blowing agents to be used for preparing the
rigid polyurethane foam according to the present



pol yur et hane foans. M xtures of two or nore of such aromatic

pol yi. socyanates may al so be applied. Exanples of suitably aromatic

pol yi socyanates then include 2,4- toluene diisocyanate, 2,6-toluene_

di i socyanate, m xtures of 2,4- and 2, 6-tol uene diisocyanates, 1, 5-naphthene
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The use of water as a (chemical) blow1ng agent is also
well known. Water reacts with isocyanate groups
according to the well known NCO/H20 reaction, thereby
reieasing carbon dioxide which causes the blowing to
occur. The aliphatic and alicyclic alkanes, finally,
were developed as alternative blowing agents for the
CFC's. Examples of such alkanes are n-pentane and n-

~ hexane (aliphatic) and cyclopentane and cyclohexane
(alicyclic). It will be understood that the above
blowing agents may be used singly or in mixtures of two
or more. Of the blowing agents mentioned, water and
cyclopentane have been found to be particularly suitable
as blowing agent for the purpose of the present
invention. The amounts wherein the blowing agents are to
be used are those conventionally applied, i.e. in the
range of from 0.1 to 5 pbw per 100 pbw of polyol
reactant in case of water and in the range of from about
0.1 to 20 pbw per 100 pbw of polyol reactant in case of
halogenated hydrocarbons, aliphatic alkanes and
alicyclic alkanes.

In addition to the catalyst and blowing agent, other

auxiliaries known in the art, such as flame retardants,
foam stabilisers (surfactants) and fillers may also be



of suitable tertiary amnes are triethylene diamne, N nethylnorpholine™
N- et hyl mor phol i ne, di ethyl et hanol - am ne, N-coconorphol i ne,

| - met hyl - 4- di et hyl ami noet hyl - pi perazi ne, 3- nethoxypropyldlnethylan1ne,
N, N, N - trinethylisopropyl propyl enedianm ne, 3-diethylam no

propyl di et hyl am ne, di nmet hyl benzyl am ne and di met hyl - cycl ohexyl am-ne. An
exanple of a carboxylic acid salt useful as 1® Gatalyst is sodium acet ate.
Sui tabl e organonetal I'ic catal ysts include stannous octoate, stannous
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agent is not qflenfleeg r@&aﬂy} Oﬁlgﬂxé trér?géjosflpéoein 30 minutes to
48 hours may be applied, although any time outside this:
range may be applied as well.

The present invention also relates to the use of a
rigid polyurethane foam as described hereinbefore as a
high temperature resistant pipe insulation foam as well
as to a preinsulated pipe comprising such polyurethane
foam. Shaped articles comprising the rigid polyurethane
foam defined hereinbefore are also part of the present
invention. '

The invention is further illustrated by the
following examples without restricting the scope of the
invention to these specific embodiments.

Example 1

' A polyhydric alcohol blend of bisphencl A, glycerol
and sorbitol (molar ratio bisphenol A : glycerol
sorbitol is 1.0 : 2.4 : 1.1) was reacted with propylene
oxide (19.1 moles) as follows.

Glycerol was added to the reactor and the reactor
was heated up to 100 °C. Then, bisphenol A was added and
the temperature was raised to 110 °C. Hereafter, the
sorbitol (70% syrup as supplied by Roquette Freres) was
added under continuous stirring, directly followed by
0.2% by weight on final product of potassium hydroxide



to use themw thin the scope of the present invention. The” halogenated

al kanes, wherein at |east one hydrogen atom has not been substituted by a
hal ogen- atom (the so called HCFC s) have a | ower ozone depl eting potentlal
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stabilisers (fwdrogersyopissghdter CPURON Al €Fad€ name) . The resulting
polyol product had an aromaticity of 8.6%, a hydroxyl
value of 498 mg KOH/g and a Fn of 3.5 eg/mole.

This polyol was subsequently used in a foam
formulation comprising (per 100 pbw of the polyol)

3.25 pbw water

1.0 pbw Silicone B 8404 (trade name; a silicone polymer)
1.2 pbw dimethyl cyclohexylamine (DIME-6)

10.0 pbw HCFC 142B (l-chloro-1,l-difluoroethane blowing
agent)

185.0 pbw CARADATE 30 (trade name; polymeric MDI)

The rigid polyurethane foam obtained by foaming of
the above formulation was applied as an insulating
material in a pipe segment of a pipe normally used in
district heating networks, i.e. with an inngr pipe of
steel and a high density polyethylene outer pipe.
Properties are listed in Table I.

As can be seen from Table I the rigid polyurethane
foam applied as an insulating layer in a district |
heating pipe segment exhibits an excellent high
temperature resistance (softening temperature without
.post curing treatment already 155 °C) in combination
with very good mechanical properties. '



used. For instance, the well known organosilicone surfactafits are nost
conventionally applied as foamstabilisers. A large variety of organo
silicone surfactants is comrercially avail abl e. The rigid pol yurethane
foam according to the present invention suitably has an overal-l density in
the range of from30 to 250 kg/nferr], but preferably from60 to 110 .
kg/nferr]. As is well known in the art, theyigid ponurFthane foam may be
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Example 2

The rigid polyurethane foam obtained in example 1
was subjected to an ageing test, which involved
maintaining the foam at temperatures of 165 °C and 175
°C for an increasing period of time. At various points
in time, softening temperature (Soft. temp.),
compressive strength (Compr. sﬁrength) and weight loss
were determined. B

Softening temperature was determined by thermo-
mechanical analysis using a penetration probe exerting a
stress of 100 kPa on a cylindrical foam sample using a
heating rate of 10.°C/min. )

Compressive strength was determined according to the
draft European standard (final draft prEN 253, drawn up
by Technical Committee CEN/TC 107).

Weight loss of the foam was determined by thermo-
gravimetric analysis: the foam is ground into a powder,
which is placed in a microbalance and heated from 30 °C
to 450 °C at a heating rate of 10 °C/min under
atmospheric conditions. The weight loss at 450 °C is
measured. ' '



- 16 - (KOH) as the catalyst. The water present in the sorbitol .and KOH.¢
was renoved by heating the reactor up 120 [err]C and applying a vacuum of .
about 5-10 nmmHg (6.7-13.3 nbar) wuntil the water content was reduced to

| ess than 0.5% by weight on reaction m xture. Propyl ene oxide was then
added at 110 [err]C, whereby the pressure in the reactor was kept below 5 °
bar. The al koxyl ati on reaction was all owed 180-proceed until the pressure
had reached a constant value of 1.5 bar. The KOH catal yst was renoved by
neutralising the Thactesnlts xaueelvstaddisofabldi II.hydr ogenpyr ophosphat e
(PURON, trade nane). The resulting polyol product had an aromaticity of
8.6% a hydr ckK3BLEvELue JAgelUsy merEMmanne at Fh6df °G. Sndqlﬁﬁlec Thi s
pol yol was subsequently used in a foamf Lnulatlon conprising (per 100 pbw
of the pol yol >A§e2§gpbw 58Etan@nBbW Si | cenBeeBs3404 (1 W@‘i%h'%arl%ssﬁ
silicone pol yne % di met hyl “c clo1exy an1ne (DI MEe- % 10. 0 pbw HEFC
142B ( 1- chl or|oE4™8- dlfluo 6@?ﬁ§ﬁé BFSmAngS i) 185 0 pH®’ CARADATE 30
(trade nane; po&gegs)c MD| }°c) The rlglﬁ(pclycrekmane {oam obt ai ned by
foam ng of t

LON W Pl 1. cd a5 | Sufacl g EETE?EEF“in a
pi pe segnent lof a pipe no Ig s ﬁg,iﬂéﬁrprf ]Liﬂ;n lﬁé?\ L?Sicp
with an innerj pi pe of steehsand 4 1éqgh dPBSDty pog yet hyl ine 70ut es0 pi7pe.

Properties arle,listed in TahLe I. S from Tabl the rligid
pol yur et hane T%an1applled gggan iﬁ%%&all 3%Egyer fﬁgé di grﬁct héﬁt?ng pi pe
segnent exhiﬁFés an excel | 832 hi dRR1@npel ddSe rieb020 an¢d (-Sof t AT ng

tenperature wi ghout post ¢yipigng tir nmeni 1ghiseady; 4P [¢uH. @ ihss.9
conbi nati on i&g very goodZ%%chanlca propertles

194 016 690 46.9 44.8
20 206 - 173 922 773 46.0 |41.2
28 195 - 975 - '45.8 |-
35 197 - 1018 |- 45.0 |-
44 191 |- 1007 |-  |43.6 |-
83 150 - 880 - 41.7 |-

From Table II it can be seen that the ageing
behaviour of the rigid foam is very good, thus making it
very useful as an insulating material for hot water
distribution pipes.

Example 3 '

A polyhydric alcohol blend of bisphenol A and
glycerol (molar ratio bisphenol A : glycerol is 1 : 1)
was reacted with propylene oxide (4.1 mole per mole
bisphenol A) in a similar way as described in Example 1.
The resulting aromatic polyol had an aromaticity of
27.1%, a hydroxyl value of 492 mg KOH/g and a Fn of
2.5 eg/mole.

Two polyol blends were prepared from this aromatic
polyol by blending it with cwo or three aliphatic
polyether polyols selected from CARADOL GB 250-01,
CARADOL GB 475-01 and CARADOL GB 570-01. The two polyol



- 17 - TABLE | Rigid polyurethane foam | socyanat e i ndex

110 @ Overall density (kg/nferr]) 88. 2 Conpr essi on- o
strength at 150 [err] C (kPa) 371 Softening tenperature ([err]C:
initial : 155 after post cure (150 ‘
[err]C, 24 hrs) 163 Axi al shear strength (kPa) .

529 "Total Aromaticity (% - 19 - 42.2 Aromaticity from -
pol yol : absol ute (% - 3.1 relative in

% of total blends prepared/.(®lentkanpirel Dlend Bie hddjial qpmipyos et bharie f oam
obtained in e : bj-ected an ageing test, which involved
mai nt ai ni ng té%nﬁégﬁ%EWQ%%ﬁgéﬁggﬂg%g;o‘ 165 [err]C and 175 [err]C for an

increasing period of tinme. Atpxafio¥$1Poi pE3ybd biBRgssoftening tenperature
(Soft. tenp.), conpressive strength (Conpr. Strength) and weight |oss were

det er m ned. Softem Mg tenperature (was._ determ ned by _tHhero-—_Tecihantcal

anal ysi s using-a-penetration praobe exd Eiqlrﬁ?]ﬂ bilend A f Pedgolpplgnd, B
(C:%Iindri_cal ftogmzsg@plggugwgo@_ mggmﬁgg,r@_te OI 1?h [S'r.;tC/Ein. |

npressi ve 9 e ed adco ng to the drf ur opean
standard (fina#gggénggéEKFQBéglng dﬁgﬂt Techni cal :gﬁnﬂttee CEN TC
107). Vi jgbARADSE GB bBhe-Odarphad |dd £ m ned by thee@nd gravimetrig
anal ysis: the ﬂﬁ ﬁhtic%ﬁBYleLﬂﬁﬁwf PEny¥7 which is plaged in a

m cr obal ance ‘afrtreated=Fr-o1r36° et

Both polyol blends were subsequently used in two
different foam formulations (formulation PU-A and PU-B),
the compositions of which are indicated in Table IV. The
properties of the rigid, fully water-blown, polyurethane
foams obtained from these two formulations are also
indicated in Table IV.

From Table IV it can be seen that both rigid
peclyurethane foams obtained from formulations PU-A and
PU-B, respectively, exhibited excellent high temperature
resistance and mechanical properties.



to 450 [err]C at a heating rate of 10 [err]C/ m n under atnDspherlc

condltlons The wei ght | oss at 450 [err]C i's measured.

- 18 - The results are listed in Table Il. TABLE I Agelng
performance at 165 [err]C and 175 [err]C Ageingd Softeni ng . BEREE
Conpr essi ve Weight loss tinme tenperature strength - (%
(weeks) ([err] O (23 [err]CaokRa) - 165[err]C
175[err]C 165[err]C 175[err]C 165[err]C 175 err]C O 164

164 879 TABRREOIV 5S@odm fo¥fwlations and polyﬂ@%thanglfdamSJOZO
1057 51.7 51.1 4 212 210 1045 1020 49. 5
47.3 8 2006 202 1055 1015 [ 45.
209 194 1016 690 469 44,820 PélA 2WU"J!g 173
922 773 PoAGdl blehd 2 (2Bw) 195 -100 9715 -
45. 8 - 35 7 1018 - 45.0 s 44
191 B Pojye} blehd's (mopy o 1710 150 | 190 880
_ 41.7 |Water (pbwArom Table Il it can be sgeh%%hat the -#&fking J
behavi our of kg i fPamds (Eek % good, thus maKijng it veny useful 4ds an
i nsul ating naterlalﬁgor haot wat eér distribution pipges.. Exanplie 3 A
pol yhydri c al ¢ oHE o bi sphenol A and glycenﬂ %%mlar|an§)bisphenm
A : glycerol || <ARADADE 30 (pbw) 195.7 195.7
Isocyanate. index 110 110
Overall density (kg/m?) 90.0 90.0
Total Aromaticity (%) 41.5 43.5
Aromaticity from polyol
absolute (%) 1.2 3.2
relative in % of total 2.9 7.4
Softening temperature (°C) '
initial 167.8 180.3
after post cure (130°C; 24 hrs) |[175.5 185.7
Compressive strength (kPa)
at 23 °C | 798 840
at 130 °C 451 501



was reacted with propylene oxide (4.1 nole per nole bisphenol A in a.
simlar way as described in Exanple 1. The resulting aromatic polyol had an
aromaticity of 27.1% a hydroxyl value of 492 ng KOH g and a Fn of 2.5,

eq/ nol e. Two pol yol bl ends were prepared fromthis aromatic pol yol by
blending it with cwo or three aliphatic polyether polyols selected from
CARADCOL GB 250- 01, CARADCL GB 475-01 and CARADOL GB 570-01.. The two pol yol

- 19 - Eﬁds—p#epaLed_LQngg A and bl end B) had a conposition as

i ndi cat ed | TABLE 111 Pol yol bl errks 6533

Pol yol bl en Igmﬂﬁ'”mmm,ﬂr’ms CARADOL GB 250-01 (pbw) 8.0 CARADCL GB
475-01 (pbw) 43.7 C&Aﬁf@g_ C@ é?O 01 (pbw) 46.3

22.0 Aromatic ponoI pbwb 12.7 Bot h pol yol bl ends
wer e subsequently used in two different foan1fornu|ations (formul ati on PU-A

and PU-B), the. cogggglegh%f PQfly\Mi' ‘ﬁQvﬁF@ aﬁd'a‘f%}n%@l'c'ltFQ#'g thé ogt}gﬁ  od

properties of "the ri wat er-b pol yuretha
from t hese t wotf §ERM 25 &8s 3 afs dviexdoeaned ing LT fne hignal lt&FrQﬁﬁ’Tabl e

|V it can be saemhlehatanket b ifgioth rquoyltbthzsnanfoparrmymtoadyledrélrmm

formul ati ons PYU- A _and PU- res tlvel , exh ed e ceIIent igh
t enper at ur e H' range Oof from R%9' 't5°'e50 & k%H9 ereb _

aromatic carbon atoms are contalned in structural

moieties of the general formula

| A2n f R2)n
~0 Rl

wherein both R1 groups independently represent hydrogen
or a Cl-C3 alkyl group; both R2 groups independently
represent a C1-C3 alkyl group; and n is an integer of
from 0 to 3. _
2. Polyether polyol according to claim 1, wherein n is
equal to zero and both Rl groups are methyl or both Rl
groups are hydrogen.

3. Polyether polyol according to claim 1 or claim 2,
which has an aromaticity of more than 10%.

4. Polyether polyol according to claim 1 or claim.Z,
which has an aromaticity in the range of from 2 to 10%
and a Fn in the range of from 2.5 to 4.5 eq/mole.

5. Process for the preparation of a polyether polyol
according to any one of claims 1 to 4, which process
comprises reacting an alkylene oxide with a polyhydric
alcohol blend comprising:

{a) a compound according to the general formula

A2 o, (A2n

!
C

HO | OH
R1 :



resi stance and mechani cal properties.
- 20 - TABLE IV Foam fornmul ati ons and pol yur et hane foans

PU-A  PU B—Potyot—bl-end—A—Lpbw) 100 - Polyol
100 Wwater (pbmb

: 33(’ 775" W B o+ (oo PRI LS

6 (p - 015 CARADATE 30 (pbw)
195. 7 195.7 Isocyanate |ndex 110 110
Overal |l density (k@eredn hoth R1 groug%o J.Qldepende]?{thl r raé'séi‘%@”gt ' |C' ':)é
%41.5 tlc ro absol u
(o hydrogen of 2 Th-23 WA 'FHoibs mAPH Hdgaroves o

2.9 - 7.4 S(;ﬁﬁ@rmermgietrﬂ:ripeme(r{terar]dl)—c3 alikyl ictoup; and n

167. 8 180.3 g a3f tigh e%%l%[ cfurﬁog“l%O[t%r rﬁ.C; 24 hrs) 175.5
185.7 Conpressive stren t err|

798 840 (b) at 1@(§1e[ @rl{q;:@atlc or allcycllc 48>ﬂ.yhydr1c501
alcohol having a functionality of at least 2.0.

6. Process according to claim 5, wherein component (b)
comprises an aliph&tic polyhydric alcohol having a Fn in
the range of from 2 to 4 and an aliphatic polyhydric
alcohol having a Fn in the range of from 5 to 8.

7. Polyether polyol blend comprising

(1) a polyether polyol according to any one of claims 1°
to 4; and '

(2) an aliphatic or alicyclic polyether polyol or blend
of two or more aliphatic or alicyclic polyether
polyols, which'polyol or blend of polyols has a Fn
of at least 2.5, |

whereby the amounts of components (1) and (2) are such

that the polyether polyol blend has an aromaticity in _

the range of from 2 to 10% and a Fn in the range of from

2.5 to 5.0 eg/mole.

8. Rigid polyurethane foam obtainable by foaming a

polyether polyol according to any one of claims 1 to 4,

or a polyether'polYOl blend according to claim 7, with

an aromatic polyisocyanate.

9. Rigid polyurethane foam having a total aromaticity

in the range of from 35% to 50%, obtainable by foaming a

composition comprising

(1) a polyol reactant consisting essentially of a
polyether polyol according to claim 4 or of a
polyether polyol blend according to claim 7 and

(ii)an aromatic polyisocyanate in such amount that the
isocyanate index is from 100 to 150, preferably from
105 to 140, |



- 21 - 1. Polyether polyol having an aromaticity in the range of
from2%to 35% an al functionality (Fn) in the range ‘of from
2.0 to 4.5 and a hydrox in the range of from390 to 650rrgKC]—I/g,
wher eby the ar nlm \l ‘ﬁj&“‘ﬂm ns are contained in structural noietiesof

t he ‘gener al wherein both Rl groups independently

r epr esent hydrogen or a Cl1-C3 al kyl groups a®mth R2 groups independently
represent a C1-C3 alkyl group; and n is an integer of fromO to 3. 2.
Pol yet her pdwhﬂreﬁyxnhhrmplynkﬂEéanﬂanNWEnaﬂuntsiEoequmlthe rangeabd bot h
R1 groups ar I gt r pol yol
according t efﬁqgllﬁ ?1 cgr %) ma%\gvﬁw%l ﬁ%ﬁoﬁ%c?g@ngtl m%ﬁg T¥?§ror8e than 10%
4. Pol yet her mwe@w@n dfcngnto claim1 or claim?2, whi ch has an

aromaticity '1%”’!&% uéé&mr?etfba?rﬁ)‘ya@é@r&u‘f&‘ t& éb&uﬁaﬁgérOf from2.5
to 4.5 eq/nole, ! rocessfor t he preparation_ of yet her ponoI

accor di ng t o @RiBne of %]F%fl"rswait?‘é and CW‘EA‘%%%EQE%@FI 4gedr @83cting an
al kyl ene oxi dehevth howipgl adeit i ¢ al cohol bl end conprising: (a) a conpound

according to ffe @ggeéflafPJr.grrll.Jéapcgle};ﬁllethane foam according to claim
9 or claim 10 as a high temperature resistant pipe
insulation foam. ’

12. A preinsulated pipe comprising a polyurethane foam
according to claim 9 or 10.

13. Shaped article comprising the rigid polyurethane
foam according to any one of claims 8 to 10.

PS40/TS6S33FF



22 wherein both R1L groups independently represent hydrdgéﬁ'or a"

Cl-CSEaIkyI group; both R2 groups I ndependently represent a Cl-CS_aIky!'
groupt.and n is an integer of fromO to 3; and (b) at least one = =~ .°
aliphatic or alicyclic polyhydric ahcohol having a functionality of at

| east 2.0. 6. Process according to claim5, wherein conponent (b)
conprises an aliphatic polyhydric alcohol having a Fn in the range of -from
2 to 4 and an aliphatic polyhydric alcohol having a Fn in the range of from
5to 8. 7. Polyether polyol blend conprising (1) a polyether pDEyéb33
according to any one of clains 1 to 4; and (2) an aliphatic or

alicyclic polyether polyol or bleﬁdB Ok fwe @r nore aliphatic or -

al i cyclic polyether pol yol s, mhrtﬁ-po&yok—or bl end of polyols has a Fn
of at least 2.5, whereby the ampunts of conponents (1) and (2) are such
that the polyether polyol blentbdiag@ERrmydciFyrin the range of from 2

to 10% and a Fn in the range of from2.5 to SJJéﬁ&nnle. 8. Rgd

pol yur et hane foan1obtajrEﬁ#hﬁ%ﬁNq(ﬁﬁﬁ#R)%9&%H%Eﬁ Ep59§%$ according to any
one of clains 1 to 4, or a polyether polyol blend according to claim7,
with an aromatic Y t R gl 0 f V] t ot al
aromaticity in tﬁgﬁ'aﬁ%§5%3ﬂ$¥%%%gﬁﬁiﬁ%g;ﬁﬁ%g%ﬁﬁéﬁiégﬁ¥g%€n¢%§n#%§g§ :
conposi ti on eshpiran idf (19 IPholawlavezaganonioral stungt besahityl (Frdf a
pol yet her poliyple i COUslidI % £ O dri N ¥ £f5 %and Q%y&%‘f{zlp%%ﬁé bhend

according to claim7 and (|i$an aromat| ¢ polylsquanate I h such anount that
t he i socy e FIRCT SLFIBMADE? FAGIRI FH LS ab¥ieFebi, the

aromatic carbon atoms are contained in structural
moieties of the general formula

A2n o, @2n
|

f .
=0 R1 o=
wherein both Rl groups independently represent hydrogen
or a Cl-C3 alkyl group; both R2 groups independently
represent a Cl-C3 alkyl group; and n is an integer of
from 0 to 3.

Process for the preparation of the above polyether
polyol, which process comprises reacting an alkylene
oxide with a polyhydric alcohol blend comprising a
diphenylol alkane precursor of the above indicated
structural moiety and at least one aliphatic or-
alicyclic polyhydric alcohol having a functionality of
at least 2.0.

Polyether polyol blend hawving an aromaticity in the
range of from 2 to 10% and a Fn in the range of from 2.5
to 5.0 eg/mole, which blend comprises the above
polyether polyol and one or more aliphatic or alicyclic

- polyether polyols having a Fn of at least 2.5.

——————'{__—————'_——_—'_

i [




105 to 140, - 23 - whereby the polyol
reactant accounts for in the range of from1 to 10% of the total .
arqQmaticity of the rigid polyurethane foam 10. Rigid pol yurethane foam
according to claim8 or claim9, wherei® water and/or cyclopentane is used
as the blow ng agent. 11. Use of a rigid polyurethane foam according to
claim9 or claim10 as a high tenperature resistant pipe insulation foam

12. A preinsul ated pipe conprising a polyurethane foam according to claim9 .

or 10. 13. ShapedRdmgtidc pe lyuretihaineg ficka hayitgpal ygtelharodabie Beyor di ng

to any one of ;¢ 3 B L& from 35% to 50%, obtainable by foaming a
composition comprising the above polyol or polyol blend
having an aromaticity from 2 to 10% and a Fn from 2.5 to
5.0 eq/mole, and an aromatic polyisocyanate in such
amount that the isocyanate index is from 100 to 150,
whereby the polyol reactant accounts for from 1 and 10%
of the total aromaticity of the rigid polyurethane foam.
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ABSTRACT

POLYETHER POLYOL FOR
PREPARING RIGID POLYURETHANE FOQAMS

Polyether polyol having an aromaticity of from 2% to
35%, an average nominal functionality (Fn) of from 2.0
to 4.5 and a hydroxyl value of from 380 to 650 mg KOH/g,
whereby the aromatic carbon atems are contained in
structural moieties of the general formula

R2)n ||11 {R2)n

C
-0 én 0—
wherein both Rl groups independently represent hydrogen
or Cl=C3 alkyl; both R2 groups independently represent
Cl-C3 alkyl; and n is 0 to 3.

Process for the preparaticn of the above polyether
polyol, a polyether polycl blend comprising the above
polyether polyol and one or more aliphatic or alicyclic
pelyether polyols having a Fn of at least 2.5, and rigid
polyurethane foam having a total aromaticity of from 35%
to 50%, obtainéble"by foaming a2 composition comprising
the above polyol or polyol blend with an aromatic
pelyisocyanate, are also described. ’
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