Producing PU rigid foans Description 5 The present invention rel ates
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The foams obtained by the processes described still do not meet all technical requirements.
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The problem addressed by the present invention is therefore that of providing a process for
producing polyurethane rigid foams having optimum flow characteristics coupled with low
viscosity for the polyol component. In addition, high solubility of the generally apolar blowing
agents in the system and a compatibility between the polyols used should be ensured. At the
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30 which can be degraded in the troposphere and therefore are harmiess to the ozone layer, such
as trifluoromethane, difluoromethane, 1,1,1,3,3-pentafluorcbutane, 1,1,1,3,3-pentafluoro-
propane, 1,1,1,2-tetrafluoroethane, difluoroethane and 1,1,1,2,3,3,3-heptaflucropropane, and
also perflucroalkanes, such as CaFs, CaFi0, CsF12, CsF14, and CrF1s. The physical blowing
agents mentioned can be used alone or in any desired combination with each or one another.
35
Useful blowing agents further include hydrofluorolefins, such as 1,3,3,3-tetrafluoropropene, or
hydrochlorofiuorolefins, such as 1-chloro-3,3,3-triflucropropene. Blowing agents cf this type are
described in WO 2009/048826 for example.

40  Water is used as chemical blowing agent in a preferred embodiment where it reacts with
isocyanate groups to eliminate carbon dioxide. Formic acid can also be used for example as
physical blowing agent.
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When the polyurethane rigid foam is to incorporate isocyanurate groups as well, specific
catalysts are needed. As isocyanurate catalysts there are typically used metal carboxylates,
more particularly potassium acetate and its solutions.

15  The catalysts can be used either alone or in any desired mixtures, as required,

As auxiliaries and/or additive agents there are used the substances known per se far this
purpose, examples being surface-active substances, foam stabilizers, cell regulators, fillers,
pigments, dyes, flame retardants, hydrolysis control agents, antistats, fungistatically and

20 bacteriostatically active agents.

Further particulars concerning starting compounds used are given for example in
Kunststoffhandbuch, volume 7, “Polyurethanes,”, edited by Glinter Qertel, Carl-Hanser-Verlag,
Munich, 3" edition, 1993.

25
Examples
The paragraphs which follow give some examples to iliustrate some aspects of the present
invention. These examples shall in no way be desmed fo restrict the scope of the invention.
30

Synthesis example 1:

1.44 kg of melamine are initially charged to a 20 L. steel autoclave together with 1.44 kg of
glycerol and the reaction mixture is heated to 160°C under agitation. After the reaction

35 temperature has been reached, 11.51 kg of propylene oxide are added over 6 hours. This is
followed by a five-hour secondary reaction until the pressure assumes a constant value. Then,
the crude product is freed of residual monomer and other volatile components at 15 mbar and
160°C for 80 minutes to obfain 14 kg of a slightly yellowish viscous fiquid.
Hydroxyl value: 487 mg KOH/g (DIN 53240}

40  Viscosity (at 25°C): 2161 mPas (DIN 51550)

Synthesis example 2;
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1.2 kg of melamine are initially charged to a 20 L steel autoclave together with 1.8 kg of
trimethylolpropane and the reaction mixture is heated to 160°C under agitation. After the
reaction temperature has been reached, 9.69 kg of propylene oxide are added over 7 hours.
This is followed by a six-hour secondary reaction uniil the pressure assumes a constant value.
Then, the crude product is freed of residual monomer and other volatile components at 15 mbar
and 160°C for 60 minutes to obtain 12 kg of a slightly yellowish viscous liquid.

Hydroxyl value: 490 mg KOH/g {DIN 53240)

Viscosity (at 25°C): 4996 mPas (DIN 51550)

Synthesis example 3:

1.44 kg of melamine are initially charged to a 20 L steel autoclave together with 1.44 kg of
sorbitol and the reaction mixture is heated to 160°C under agitation. After the reaction
temperature has been reached, 11.5 kg of propylene oxide are added over 10 hours. This is
followed by a seven-hour secondary reaction until the pressure assumes a constant value.
Then, the crude produci is freed of residual monomer and other volatile components at 15 mbar
and 160°C for 60 minutes to obtain 14 kg of a slightly yellowish viscous liquid.

Hydroxyl value: 466 mg KOH/g {DIN 53240)

Viscosity {(at 25°C). 4013 mPeas (DIN 51550)

Use examples:

The products obtained according to synthesis examples 1, 2 and 3 were used in polyurethane
rigid foam formulations and compared with a reference system.

Raw materials used:

Polyal A: polyether alcohol from sucrose, glycerol and propylene oxide, functionality 5.1,
hydroxyl number 450, viscosity 20 000 mPa.s at 25°C

Polyol B: polyether alcohol from vicinal TDA, ethylene oxide and propylene oxide, ethylene
oxide content: 15%, functionality 3.8, hydroxyl number 390, viscosity 13 000 mPa.s at 25°C

Polyol C: polyether alcohol from vicinal TDA, ethylene oxide and propylene oxide, ethylene
oxide content: 15%, functionality 3.9, hydroxyl number 160, viscosity 650 mPa.s at 25°C

Stabilizer; Tegostab® B 8462 (silicone stabilizer from Evonik)

Catalyst 1: dimethylcyclohexylamine (BASF)

Catalyst 2: pentamethyldiethylenetriamine (BASF)

Catalyst 3: N,N',N"-tris(dimethylaminopropyl}-s-hexahydrofriazine (BASF)
Isocyanate: polymer MDI (Lupranat® M20, BASF)



1.9 1.9 1.9 water 2.3 2.3 2.3 2.3 catalyst 1 1.222 1.328 1.328 1.328
catalyst 2 0.599 0.651 0.651 0.651 catalyst 3 0.479 0.521 0.521 0.521
cycl opentane 70% 13 13

10
Machine foaming:

The stated raw materials were used to obtain a polyol component. Using a high pressure

5 Puromat® PU 30/80 1Q (BASF Polyurethanes GmbH) with an application rate of 250 g/sec., the
polyol component was mixed with the requisite amount of the stated isocyanate, so that an
isocyanate index of 116.7 was obtained (unfess otherwise stated). The reaction mixture was
injected into heated molds of dimensions 2000 mm x 200 mm x 50 mm and

400 mm x 700 mm x 90 mm and allowed to foam up therein. Overpacking was 15%.
10



13 13 setting tinme [s] 35 33 35 35 free rise density [g/L] 23.0 23.2
22.7 23.1 viscosity of polyol conponent [nmPas] 8400 6000 5300 6100
mnimmfill density [gill 30.8 31.1 30.4 31.1 flowindex (mn. fill
density/free rise density) 1.34 1.34 1.34

11
1 {reference) 2 (wit%) 3 (wt%) 4 (wi%)
(wi%)
palyol A 47.88 47.88 47.88 47.88
polyol B 30 0 0 0
polyol C 16 18 16 16
polyol of example 1 0 30 0 0
polyol of example 2 0 0 30 0
polyol of example 3 0 0 0 30
stabilizer 1.9 1.9 1.9 1.9
water 2.3 2.3 2.3 2.3
catalyst 1 1.222 1.328 1.328 1.328
catalyst 2 0.598 0.651 0.651 0.651
catalyst 3 0.479 0.521 0.521 0.521
cyclopentane 70% 13 13 13 13
setting time [s] 35 33 35 35
free rise density [g/L] 23.0 23.2 22.7 23.1
viscasity of polyol 8400 6000 5300 6100
componeni [mPas]
minimum fill density 30.8 31.1 30.4 31.1
fg/L]
flow index (min. fill 1.34 1.34 1.34 1.35
density/free rise density)
thermal conductivity 19.7 19.9 19.7 19.7
[mW/m*K]
compressive strength 15.6 16.8 17.4 17.0
(density 31) 15% OP,
[N/mm?2]

Example 1 is a comparative example. The systems in examples 2, 3 and 4 (ali in accordance
with the present invention), featuring melamine alcohols based on melamine, a coinitiator and
propytene oxide, have distinctly improved mechanical stability, which manifests in increased
compressive strength. Furthermore, the viscosities of the polyol mixtures are distinctly lower
than in the comparative example.
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20
3. The process for producing polyurethane rigid foams according to claim 1 or 2 wherein
the polyether alcoho!l component (i) is obtainable by reacting a mixture of melamine and
a further hydroxyl- and/or amino-functional compound in a mass ratio ranging from 3:1 to
1:3 and a mixture functionality in the range from 4 to 6, with at least one alkylene oxide.
25

4, The process for producing polyurethane rigid foams according to any one of claims 1 to
3 wherein the polyether alcohol component (i) is obtainable by reacting a mixture of
melamine and a further hydroxyl- andfor amino-functional compound selected from the
group comprising glycerol, propylene giycol, ethylene glycol, dipropylene glycol,

30 diethylene glycol, trimethyloipropane, sorbitol, urea, biuret, triethanoclamine,
diethanolamine, ethanolamine, triisopropanoclamine, diisopropanclamine,
isopropanclamine, ethylenediamine (EDA), tolylenediamine (TDA) and
methylenedianiiine (MDA), with at least one alkylene oxide.

35 5. The process for producing polyurethane rigid foams according to any one of claims 1 fo
4 wherein the at least one alkylene oxide under (i) is selected from the group comprising
propylene oxide, ethylene oxide, 1,2-butylene oxide and styrene oxide.

B. The process for producing palyurethane rigid foams according to any one of claims 1 fo
40 5 wherein the alkylene oxide under (i) is selected from the group comprising propyiene
oxide and propylene oxide/ethylene oxide mixtures.



20 3. The process for producing pol yurethane rigid foans according to
claim1 or 2 wherein the polyether al cohol conponent (i) is

obt ai nabl e by reacting a m xture of nelam ne and a further hydroxyl -
and/ or am no-functional conmpound in ﬁ mass ratio ranging from3:1 to
1:3 and a m xture functionality int 8 range from4 to 6, wth at

| east bne all@yesRss fipqeiucing paiyurvtmn@f@dmﬂsaqcowmdg@nngne of claims 1 to
pol yur et harfewhérgindhd peystheaaizohdslicogpbierayis @bginet irch &intferstuieGarge

wher ei n thq,ep,@éét,eltzh%dabg@ol conmponent (i) is obtainable by reacting
a mxture of melam ne and a further hydroxyl- and/or am no-functional

conmpound sel ected fromthe group conpri si n | ycerol, propylene
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t ol yl enedi ézlgn ﬁge el'%§ 8‘%@?% 'cfe}e‘??gg?l &ﬁhq %/Inté'mfa PrORR h‘“@% C PRRIEP: one
al kyl ene o¥PRePiUrgs E ATE@ApMBAe?@é cpiPinliagiesrae. Wi stieast pemalkyieng exide.

f olirs according to any one of clainms Ito 4 wherein the at |east one
S'r (‘%'y?g ﬁeOXT reRS boddrding a?@'o‘ﬁ@b?&talﬁ{sol%%%e%lﬁ% Q%"e‘o?ld@%sed for
oxi de. 6. The ;‘ﬁn%@teg&é Lyg{ﬂgrgc%@ﬁ?on%poﬁgpt(hﬁafﬁﬁﬂga‘ rpraltﬁe ?rBH’FrEO'HBT:%le ng
to any one pé?pvwﬁ.%elaﬂefmﬁsreﬁﬁte@repﬂeﬂw%\wm edhdenp@xfie. under (i) is
sel ected fromthe group conprising propyl ene oxide and propyl ene
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whet ei n t e ey ?hh% nB) e yeher ot Eafoqienf it B esciing

t enper at ur@'&’ﬁ ENBlet AeBIFa 2ings With gthwiens ofderpad/pr RieReNeXSF di ng t 0
any one of claims Ito? wherein the polyether alcohol component (ii)

i s obteinabie ﬂ?&cds@%ifp!‘déﬂlmﬂf pbl?@l’é{haﬁ@ ﬁﬁ:@%ﬂh@é@ﬁx%g@@ bR kb %b?eh?an

greylp conpr yl ene gl ycol’, diethylene
glé}gol pr oajggérhene gﬁyco gélqu;)yl ene glycol, 1, 4-butanediol,

pentaerythritol, trinmet hyI ol propane, water, sorbi tol, urea, bi uret,
EDA, THA, MDA Rieeess friprovating pelytrethase figidwants arcotdirasb claime 1 alvkgtetmite

oxi de. 10 Qrdh&ticnieeasder GRS dicingl thigleadYarfing, of clains 1 to 8 wherein
t he al kyl ene oxi de used for obtaining the pol yether alcohol conponent

(it i sel cted fromthe grou r|S|n r opyl ene oxi de_and

m?é) ur rROPSASE RS PERAVEIRY P weﬁgﬁw@'ﬁé RfEording tg glainh 40 phersksan
for pr oducﬁﬂg*ﬁjlélaymeelﬁhaﬁéundeg(ud f oams according to any one of clains
1 to 9 wherein the conponent (iii) is a polyether alcohol conponent
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The process for producmg polyurethane rigid foams according to any one of claims 1 to
9 wherein the component (iii) is a bolyether alcohol component obfainable by reaction of
glycerol and/or trimethylolpropane with ethylene oxide and/or propylene oxide.

35 16. The process according to any one of claims 1 to 15 wherein the proportion of component
(i), based on (i)+(it)+(iif), is between 10% and 40% by weight.

17.  The process according to any one of claims 1 to 16 wherein the proportion of component
(i), based on (j)+(iiy+(iii), is between 30% and 60% by weight.
40
18. The process for producing polyurethane rigid foams according to any one of claims 1 to
17 wherein the at ieast one polyisocyanate (a) is selecied from the group comprising
aromatic, aliphatic and cycloaliphatic polyisocyanates,



12. The process for producing polyurethane rigid foans according to
claim 1l wherein the aromatic am ne under (H) is vicinal
tol yl enedi am ne. 25 13. The process for produci ng polyurethane rigid
foanms according to claim 10 wherein 3 al i phatic amne is used under
(tii). 14. The process for producing golyurethane rigid foans
according to claim 13 wherein the aliphatic amne under (H) is
](cat hyl ettedi ditienyeoce21fdt brodlibiag Pﬁlmethsné figid mamhwca@r@% Hl Sl FRRirs @it
oans accorgi
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(H) is a ther.alco |on 0

gl ycer ol a%ﬁyé{‘?m?) W&WF@I%&&E&W@%?M“%‘W ®ne oxi de and/ or

pr opyl ene oxi de. 35 16. The process according to any one of clains 1
to 15 Zther & polyrethpnopgd fdaonottdinaoepp thendrodess of e 0PElaims 1 to 19.
(1)+(ii)+(iit), is between 10% and 40% by wei ght. 17. The process

accordi,ng t rein the proportion .o
Corrpogéen i (Tﬁe)us 0?3 §aly%rﬁﬁ‘tapjz _Ii_l?l ?aﬂfgtalnégiﬁz)ﬁ'm g%@ gﬂla{ W;@fﬁ!ﬁlms 1to
wei ght. 401 @Sﬁh%mﬁ\' Fewatng @ﬁteﬁ?ld@ltﬁfrlgﬂjatm 3ppliFschaiet whigr gtofaggraystems,
ackdbr di ng tdistrinh heating pifes or biilingohsirtfowher ei n t he at | east one

pol yi socyanate (a) is selected fromthe group conprising aromati c,

al i phatic and cycl oal i phatic polyi socyanates. 14 19. The process for
produci ng pol yurethane rigid foanms according to any one of clains 1
to 18 wherein the at | east one blowi ng agent (b) is selected fromthe
group conprising physical blow ng agents and chem cal bl ow ng agents.
5 20. A pol yurethane rigid foam obtai nabl e by the process of any one
of clains 1 to 19. 21.The use of a polyurethane rigid foam obtai nabl e
by the process of any one of clains 1 to 19 as therma
insulating material in refrigerating appliances, hot water storage
systens, 10district heating pipes or building construction.



