1 Process for producing rigid polyurethane foans Description 5 The
invention relates to a process for producing rigid pol yurethane foans
by reacting polyisocyanates with conpounds having at |east two
hydrogen atons which are reactive towarg isocyanate groups in the
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US 4391728 describes the preparation of iow-viscosity TDA polyols by means of KOH
catalysis at temperatures above 140°C. Exclusively propylene oxide is used as



preferably fromthe group consisting of TDA and PMDA. I n particul ar,
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In a preferred enbodi nrent of the invention, the catalyst bib) is an

i mdazole, particularly preferably imdazole. 15 The amne bib) is
preferably used in an anmount of 0.1-1.0% by mass, based on the wei ght
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40 N,N'-dimethylcyclohexylamine, dimethylethylamine, dimethylbutylamine, N,N’-
dimethylaniline, 4-dimethylaminopyridine, N,N’-dimethylbenzylamine, pyridine,
imidazole, N-methylimidazole, 2-methylimidazole, 4-methylimidazole, 5-



The pol yet her al cohols prepared by the process of the invention
preferably have a hydroxyl nunber in the range from 200 to 800 ng
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pht hal i & acidlition SHiprtatialene oxdesior, tess pisfarakiy istnutenebualydvithiiee 25i soneri ¢
napht hal enectincasrzezhi of irdeidddion Bhiepidyieat basesal cohol s used t oget her
wi th the pol yether alcohols bi) used according to the invention

usual l'y havl?;l a funf:t[i onz,}ll it h m 2 in particular

y in the range from2 to 8, K
from 3 to g S35 I e, PITRIHORmBoSTS PHEF TUPRBRGT & PRPRida i it ARdkRBwn
met hods, f ofaeieamhihe ayylengionidpe ogupsasd i harbeance bf abitylysimétheriedimaingn
the pres@ence tid reaationl apeltfer, thepeathlgstab by addddalutingriibabadiye ¥ s ddiment,
21 kyl one. ong Honaer A btk of el Gy Bk Sfer eRIAGR oPl g P ofChor
ot e o roRtenst S gy MRS arsmiR SRk 2L baiedRiT e5a piash ks 50 mol o
but yl ene oxPTERV'IFPIe Reariol efArepatigiandna bte)pr opyl ene oxi de.

35  The reaction of the amines with the alkylene oxide is carried out by customary
processes which are described, for example, in EP 318 784. As described, the catalyst
b1b) can be added before the reaction, simultaneously with the commencement of
introduction of the alkylene oxides or during the reaction. The starter mixiure can be
stripped, for example at a pressure of 0.01-1 bar and a temperature of 25-150°C,

40 before introduction of the alkylene oxides.



8 As starter nolecules having at |east 2, preferably from3 to 8,

hydr oxyl groups in the nolecule, preference is given to using

tri met hyl ol propane, glycerol, pentaerythritol, castor oil, sugar
conmpounds such as gl ucose, sorbitol, nitol and sucrose, polyhydric
phenol s, resols such as oligoneric condensation products of phenol
and 5 f or nalftetigniatic amides\eian Ledi asmiatten seltsémice tapliea ptefsrrebiamatichedny des

and di al kangk aven®s, b@tdakssoleBRlr@fbiRtandde starter substances can be
used individually or in the formof mxtures. The pol yet her al cohols

have a functionality of preferably from3 to 8 and hydroxyl 10
nurber s of 38@@'3%}%{8 Oﬁd’F"%mq%E? 'WQQW@?FB”@%W‘%S k{aiwané%sacwn
particul@ar ganinationwitl okeranoonds7oicirpauw@Hit deasThe hydegef abirbwiidh vaal
pol yol's, f oragxeni@iedRotypbiydrene. s pbuadt @ aRPrdHaep¥c8RSs or
glycols, haé(rgi'ﬂg afbofRd G’iﬁgﬂeﬁfrfﬁw{)ﬂ?t‘anﬁ Havi ah%ﬂe@ﬁi F@%@Rt%??o-ﬁﬁo R N
the polyol 1 c?nﬁgq St ena Es he” vi SCOS| é of pol'yo ¢ dhent
to be adj ust®HYE “g gi5rangropy 1 i9dk pearably 2108 dHiwrexg groups: Thee
conponent byonpeupdel ) Wil hereinafteesist b&afdmedie ag htstareas.t i cul arl y
preferabby at | east 10% by weight, in particular at |east 20% by

wei ght, an ; j f . t 40%
by wei ght g&%p%%.i nﬁggﬁﬁcﬁ%?%o%@%r?%p gﬁo{rﬁgﬁ ggfé@/o%b%sns&@é oﬂ?&ﬁ eg%%ne
preferred efhdt |df’?§!??’tl IhcRlePRoPYRRE VG diRsPYiang ShePlodlycar#l@nd onponent

b) conpri seicthapdapisente mpotitls @fiored tangiw Foyebedkythe fuminétheim t he
range from @a6tidnpréfotsnpthiMvlege aridedindviiycd inorRalkdwaidH of iLtoredn ganblr om
4 to 8 ki addition to the pol yether alcohol 25bl). The polyether

al cohol b2)..is preferahl repared by addition of propylene oxide
onto a starr%?ccgnfé’él{’%%‘%ﬁff)gﬁ‘?ﬁgfe&rdﬂyé?ecjl‘%3@?“’8%{%8’@@ T iRLOH B
pref erence Waiohh basedos tipweightshthesksteapeneaundsr bi t ol , preferably
sucrose. The starter substance usually additionally conprises at

| east one atgoh@liiowhbsdioh S the GitighAdxidRUhk cfout 8{ aetfeﬁ{p@FthYre%{‘
al cohol _sel gct ed ffrr on%d e Ic?url?d consi st |{1 0 _e,;t | en % yﬁo“,

pr opy!| e%@ S%E;r@'pgl Ahd lege @< @ Prysyhr £ tng r g @ér'g?. tpfigstion of the

pr epar at i on2lBflénaraides|is auhibt fobgwegHyantgdpr-iegclipnurieby toeahipyekrp aemplate

t he pr esenceaofionaf tresiliylaratoaidys tThe daid@|pblyetbr dbdtal dbiapiah thy dapid de,
or an ani nefreédbf@ni%raettes%r@@n@%@@émaﬁ%fcomb%uh&gvmgyﬁgatﬁhonwgﬁﬁabﬂﬁ as

descri bed aphoy e group 131 b) is used as cata
pol yet her a{?@%ﬁ{)‘%dﬂﬁ%prﬁ%%esed, it is preferably present in an anount

of 50-68% by wei ght, based on the 35 conmponent b). In a further
preferred enopilyasimar agbholb prepaed ég sheofroddse of the dmvehiton, préfebytapeaent

b) conpri segydoRPhUSdRB thak4HeBabrbRh Havd Rg r@ﬁxg%&icgﬂa% bie¥er My f5QM 2
to 3 and a I r_ 1,0 e m 't OOngKO—Vg. The
pol yet her a?%%{?ﬁéﬁwﬁfﬁghé%ﬁ% {Eﬁe'%glrcj’eggg? 3%6)6‘9 @) #tion of

al kyl ene oxi des onto diols such as ethylene glycol, diethylene

gl ycol , 3pr opydrarie tiginaoViscaditp trepydhenshaieaysieramiddicednding ot polgstab; 9
trinethyl ol geeRae:) Gave §fbd %&Qs@ilﬂ@kﬂrfﬁirﬁ?ﬁ[aré'g%@@%wm}y I's used, it

is preferably present in an amount of from 10 to 30% by wei ght, based

on the corrp?nent bg - ) ) ) ) X
hey are readily compatible with blowing agents, in particular blowing agents based on

hydrocarbons, and have a good storage stability. The compatibility with the isocyanate
35 component is also increased. The demolding time for the foams was surprisingly also
shorter.

The reaction of the amines, in particular TDA, with the alkylene oxides is quantitative
and virtually no free amine is present in the polyether alcohols b1).

40
As regards the starting materials used for the process of the invention, the following
details may be provided:



In a particularly preferred enbodi mrent of the invention, the
conponent b) conprises at 5 | east one pol yether al cohol b2) and at

| east one pol yet her al cohol b3) in the anmobunts indicated above in
addition to the polyether al cohol bl). }n a further preferred

enbodi ment of the process of the invention, the conponent b)

conpri ses aPossitieeroanie pplwEgryenaies alasehisferaity aroilis peiyfeficivadl y has a
hydr oxyl nuikbeyana®es 10 the range from 200 to 350 ng KOH g and a
functionality of from2 to 3. The polyester alcohol b4) is preferably

prepared usin romati c carbox s _such as thal i c acid,

t er epht hal i %p‘%céfaaexg'f“p H?F?a q?yg rér?h‘@@f‘ﬁ&% d“F‘PPyéHat@ ABTRHE caTesPRading
process Bf iSAEST Wixtes, dinhenvitestheiieyed't @rd-aind Qi diidnsyariats (Mepandettie usi ng
pol yal kyl eneorrespammgmmreﬁxtu@benmkmuwe@hfa@thghe b4) shszpreferably

gzrergoln gn?r E;&E@Lﬁﬁbtegfané rnﬁ’fﬁe?pg R :BM §1 rt%{&ﬁ? NS tures

r| §08

al cohol s b2)" dRtENge f@'?afg? %EO% @@%?@F’%R‘E‘SHMO'W“Y'W@
addi ti on t oP@Weoqyanafes é%deé-@f(’ﬁbhol bl). 20 The conpounds b) having at
| east two hydrogen atons which are reactive toward i socyanate al so

include t heTﬁé‘ﬁél?etﬁ‘éﬂa%ﬂ@lE %1)6‘&5?9 uQJa‘Hﬁ §£éhcﬂ!§§5r?ix\'mé Gl BRY: &?‘npognds having,

tant| t
o1 wi Chout - EUAEIMY A abebste M oo S5 arlere rmpre bRt i ko s.

The addition of bifunctional chain extenders, trifunctional and
hi gher - f unc combdiirgs etk Sbvanktdsast WO, hydfogarpefoﬁ@rwmiﬁre ?&cme&b\hié@s
t her eof 1§anlsﬁéﬁ\ﬁ§tetéﬁdl%§n %M%t@&q%%tfw%e Eiﬁ'aﬁghélgﬁ”% L& g to
ence |
G

propert| es or cr
P ven to us.*ﬁéﬂ‘é A P TR PSS ek Aol eMisrieiet slgpnols
havi ng nol eBayizg Oleughes !@?herwftoﬁawwed%%mm@%ﬂm y from60 to 300.
30 Chain extenders, crosslinkers or m xtures thereof are

advant ageoushy @?&@er'a&oﬁ&s @%&B%et@érﬁt%% | e%egg%bgéﬂs Pﬁ'aﬁ’@ﬁsuali

refera .
P enbod’s E (el 2ol Aol Sy ;:;gi‘% o el COIRRIEN L
particul ar ihCaROBBORRORIRIETHY Fapgine eayban gamsswiiypahdingtienal barsexylion
t he conponentidbhaving foese k4 111 ¢eaponcitortfifer sxbmple satcinio B0 Whdarioayt, beipic
found, for exargberic ddy, WeiH688828badidadiflideci®N icaltoxiie a@@srﬁéigicpacld' nter

?lhleapolt ;’u?g% |ctapﬁ a\%l %Fe?@r%l% gﬂ'lal crla% d? %g@%gﬁlt: acﬁ t[ehiér: E‘FECS %rEcL g 48f
bl owi ng 2ageliP eﬂﬁ ”aﬂqg}aée”eé‘cﬂ’PQ’EW’?l@‘%“ij%n is made between cheni cal
bl owi ng agents which react with at | east one of the starting

(t:) Iorrponent S, Thé E\iﬁé’(ﬁéﬂ Beohbie ups Mbéiﬁ&)(rﬂ!&&ﬁ@p@q)ethér%icoﬁ&s bi) P@é@éc%o
OW ng gas er
thedt n%W or po%ur f AENE 111 e ro% 51 10 H%#W%%Ifr

starting cogponents ana pr oduct
bl owi ng agefit, preference is given to using water which reacts with 5
i socyan&Pe groups to eliminate carbon dioxide. A further frequently

used physi cal pdilicawr N@egrnticoHld HEphred BEkibwnl Ret@EDicR atdnle W bRloRE 1N
pl ace of Chﬁ%ﬁ@illzal%r‘?w J%gggﬁés mﬂﬁé’@’g&@ V\ﬁt&!f ﬁé%i?&s %&Qr{agly g\%gp al ? be

d. Th
ligest art ??\Shg%e %‘?‘?ecﬁta?"?ﬁdarﬁﬁéecﬁ@@&g?@ foitaripolveiberadnohe!s Bper at ur e and

vaporize under the conditions of the urethane reaction. The boiling
poi nt  of3st hes elkglenp oxitets usesis pEEflie ik v Spjiow Se, pitBgehy &l d/or
bl owi ng ageﬂﬁﬁleﬁé 8Qad, Deds %%Siy% QY BHSe WS @i IRREAUS irﬁsar{c%?ampure

tenperature %n are Intr uce nder pressure 1nto the
conmponent s 3 RPREELEE Py ed there| n, for exanple carbon di oxi de
| ow boi | i ng al kanes and 15f| uor oal kanes. The physi cal bl owi ng agents

are usual | ySteleerbledulés osedtans irgpatiqulat csipstihdithaingak kages padably from
cycl oal kanes t@@‘ﬂyﬂﬂzxﬁtgr&.ﬁ:@%F hévi t%@t%%ﬁmnﬂérﬁhgé ﬁ%fﬁeﬂ‘}é 8%&.&%{] 3

ket ones, acetals, fluoroal kanes "having from



20 from1 to 3 carbon atons in the alkyl chain, in particular
tetramethyl silane. In a preferred enbodi nent of the invention, the
bl owi ng agents are hydrocarbons. The bl owi ng agents are particularly
preferably selected fromthe group consjsting of al kane and
cycl oal kanes having at |east 4 carbon ons. In particular, pentanes,
pr ef er abl y 2&&stbieypektcatee havidg el/lehst geprbtens)y faone 3 ts& chydidhd yrdube irr fhgi d
f oalms ar ;9 Useidcas, p'référtéhéiat ik @freh b Gy tHﬂrg{glglﬁn?%aﬁ@,%}yc@g&ggégatﬁerggﬁo)l(,t Ur e
cycl opent an r . .
Wi th vater _&éi‘ﬂiﬁg|Sﬁé‘%ﬁﬁgR“%%“@ig%@ﬁﬁssh%ab@ﬁ@%P%OE&H SUGERSRut ane,
i sobut ane afRP WG RBUP'ETESOIRBIGh- a5 HEARRIC oadReRicarmsodsts o peenshend ane,
cycl ohex@aneformigigaityts; land aanich petdepkated biidhesdif dormatdehids shdt yl et her,
met hyl  f or n@&iRancRmRAN BncAIgo Rleffhidd. trRE S@HKANBSNYsChn BE Bsdaaadedy N
t he troposp@qﬁﬁ]eq #f%hﬁjegre do not damamge the ozone | ayer, e.qg.
trifluoronethane, difluoronethane, 1,1,1, 3, 3-pentafluorobutane,
1,1,1,3,3- pentafluoropropane, 1,1,1, 2-tetrafl uoroet hane,
di f | uor oet harepaysthet altolglPhdieds BrctBbalivepitpadfbnably dpmop@rtearaingdakgo
per f1 uonoal kangss siisEremly@mB100GAT kOH/dBFEE0 e84y Al th faffelBr from
Parti cul ar pj@&l}_ﬁ @to!ss:m%g\gg@mgo pentanes, in particular

e phys

cycl opent ane. i cal bl owm®hg agents nentioned can be used
either alone or in any conbinations with one another. 40Furthernore,
hydr of | uor obiteetserts bifunctiors pdly@s, Sordxareple ablyaibylops giperearakor polypropylene
It‘l)ydr chl or oo, askie] AmordeRr RSgHHE the4Rre3ro é’odtbhfsg@lmﬁ)@ &%%ﬁ?nf can

e use S%@M e.descr] bed, for
exanpl e? gi n 58@9@%@%@&Vé%%y&#eﬂr%‘pﬁ%f%gﬁo %rﬁio ba@r aé(%lﬂsg% as bl owi ng
agents, preference is given to using polyether alcohols bl), b2) and,
i f appropri dteeprop@lion of polysthevaiprahalsitl) n)the companeelrh) poprefesibiyr atdd=cbbtl s
b4) are usebly waghthearbarpo pesKrably at REQMEYAORIHHE, I8 bM@PuIAat RalFITW by
hal ogenat ed,,bj, V‘@ar‘ﬂ:gncﬁg'g% ﬁxan &b bSIL Cf,teﬁré}graB!E/ n%mm%(%{ﬂ%ng{(gﬁ E}?F’Eis nEA

if necesgsary, gké carri t | e presence’ol cata

retar da%?s érﬁ? t‘}H‘éE%Wg‘GQi?’P‘PﬂaE}Yi“é% nd/ or additives. 10 As

catal ysts, use is made of, in particular, conpounds which strongly
accel er at e Inheprefeaed e@bodihehitd tHeSHENERE Bt Be GIVEKRS, Wk Ebmfxﬂ%ngiﬁ)%ﬁﬁ)rises

which are r2a6liMg: JQWBINS) hafyRj PhaMRs N ERALR 3684E 58S g

O R B S i o oAb b s
compound8, Ph- paerraivetheaplcehq A is paferabiy pisoaied Sy additon dfipoepyrne osite
groups are aitsa statebeubistanios ponatstrd at Rast dreaugarghdsiet uwrekhaie gieam
caral ysts, ahE BBl bl bitforil SiRNCPPES AT SLEMHOIAANC | o1
pot assi um a%ti«:ﬁtéotngllygcr?ﬁn%ggef#ileﬁﬁgoqenaé?o&g#v?hielkhié liguid ?rggpgérg%qgg tependi ng
on requi r en®ifesabhpan sl esleaird fran Bvarer qonsiaing ofielyiene slyenlttomrytene
anot her 30 25g[¥tut ape gigess, infattbelai giyendli e peeparatioh ofibe @eFahyr aidifol b2) is
2] |1 a1 ool AREY 8 A g CeTR LoEL SHERRL Sy B PHRAAIESY. ) ¢ 10
use organi c Bhas ngjc%ﬁeﬁéfg'gﬁg pﬁ%‘af%(ferﬁ%"@e%%ﬁ%efﬂye@ﬁne?%igm'lﬂia@fser ence
is given to¢ f'?é)i’ FGip BuihRIgroWR PER mKeed ascativet. Véenaraiigtties sleghm aR)ds
groups. Chl usddniéisqueiprblyipngseptio splacwoiuct of $0-60% Wyrveeight Sasadointet he
preferred cesmsuAaalis). Typical representatives of this group of flame
retardants are triethyl phosphate, 35di phenyl cresyl phosphate,

tris(chlor o]or o}pxlg Phos hat e and di et hyl ethanephosphonat e.
n a further preferred embodiment of the process of the invention, the component b)

comprises a palyether alcohol b3) having a functionality of from 2 to 3 and a hydroxyl
number in the range from 100 to 300 mg KOH/g. The polyether alcohol b3) is

40  preferably prepared by addition of alkylene oxides onio diols such as ethylene glycol,
diethylene glycol, propylene glycol, dipropylene glycol and/or onto glycerol,



In addition, it is also possible to use brom ne-conprising flane
retardants. As bromi ne- conprising flane retardants, preference is
given to using conpounds which have 40 groups which are reactive
toward the isocyanate group. Such conpgunds are esters of
tetrabronophthalic acid with aliphatic diols and al koxyl ati on
product s of MimesyiginFtsrs BuT'efadhen a pelsibes aneboldd) Isweed, fitrio prefdnabigr oup

of brom nat@dsanénperenydunt difpautie 06 Weigitob4set 8h Get®npaRelbyo be
enpl oyed. As auxiliaries and/or additives, use is made of the

mat erials k r this 5pu e, faor exanpl e surface-active
subst ances, IH% \cl)ga]"rrﬁ% g{aggﬁe{fegz?rgpgnbggﬁénf ‘gfgﬁﬁ ﬁawy%]?;g?, t%f‘? g‘?@?‘g‘?m&) GRERAtges at
dyes, flaneePEChe aalvetaer alypheldiz) sndatleast pe patvstheratonkel #8) iodhe amounts
fungi st at i cindingiedalodverin additainite tegehether alcthial bher detail s regardi ng
the starting conpounds used nmay be found, for exanple, in

10Kunst st of h. vol u 7 "Pol.yurethane', edited by Gunter

ot tor - car PR Rrened ehBRfent B HEPREESIT s IRiepb S e compongyg b

i nventi on i ©MAreestieaskangiolvester plspiadRith ghis peaigrbll has @ hydsotyboismber in
Vi scosi 1§ dbe ezngierimtri 200: fo T6@mgiksat/g inhy a Ginctidrelip ek oS BSThalitl\RSEer

i ndi cat ed : ; i iRt ' E
II gOI gglg b;‘/éi&ﬂfo%@ﬁ’a prEREYPrBS e @lisikPSrolBiAhrBGSRY ARARGE LL EhtPéiH ‘

N
. t RC 20. rotational "vi sconeter usin he
spindle o i BtRpei? s S b EnfierS e Siorinarf ol heprapmse f Tt
t he neasur i REEGNithReyestes alsghelRy) igprepagdasing rat/alkgenasigrephihalates. The
Measur ement padifesten alcblyd béiy breferatie nseds aif hemotuytchf @ruiv| 201 808 by waRiHe
det er m ped wd&e@@ﬁﬂféﬁbﬂ%nwt%h DI N 53240. Thernmal conductivity: 30 The
thermal conductivity was determ ned using a heat flow neasurenent

pl ate instr.]LHrrent Hest o A50 at an_average tenperature of 23C. To

produce t he' TMPOBRYIPEREIY E9/RPTISEF (erRotvrikisRalreinin h2) Andiprhd) peaileast
i nt roduced 9nstpplygsiepbidotivhbd)rig addiondo flensiyetisr 2B6DH! ¥1200 x 50 mm (15%
overfilling) and renoved fromthe nold after 5 mnutes. After storage

for 24 Bourg, : i t erature and. 3
humidity, a p éu@%"f‘@%sé@ %¥]g%rgn9§%%g“%’ dé”@?f%%%”. ?e[%ﬁg"%fﬁ ,ar_%r@égfﬁfﬁg‘j"‘iaféo mm
based on t WEPYPET'E A5P Motige MG deN FRARG F wessinkas whichzom be 200 x 50
mm wer e cutcaneemitarile useédl dherigit helyupfhene fiaths can the pridiecsi with svari®out
sugg gque gg I Mnb@ﬂmmdsgéﬁf_d‘nhiatex{eﬁﬁérs SHE6H FBRNRAY TRE oGkt S b :ti8f 21 200
X X m V@&&]d t a g | r engt. Wwas .
determ de In naccgr ga?%gdﬁ\?ﬁ?nal ?@rﬁ@%ﬂ%@&%ﬁ%c@slﬁ%@s gfapprop riate,
mixtures thereof can prove to be advantageous for modifying the mechanical
properties. As chain extenders and/or crosslinkers, preference is given to using
alkanolamines and in particular diols and/or fricls having molecular weights of less than

400, preferably from 60 to 300.

30  Chain extenders, crosslinkers or mixtures thereof are advantageously used in an
amount of from 1 to 20% by weight, preferably from 2 to 5% by weight, based on the
polyol component.

In an embodiment of the invention, propylene carbonate is used, in particular in an

35 amount of from 0 to 3 parts by weight, based on the component b). A description of this
class of compounds may be found, for example, in WO 9502620. In this way, it is
possible, infer alia, to adjust the viscosity of the component b).

The production of the polyurethane foams is usually carried out in the presence of
40 blowing agents ¢). Here, a distinction is made between chemical blowing agents which
react with at least one of the starting components, preferably the polyisocyanate a), to



Det erm nation of the pentane solubility: 5 To determ ne the pentane
solubility, the polyol conponent is mxed with the anount of bl ow ng
agent indicated in the exanples (Vollrath stirrer, 1500 revol utions
per minute, 2 minutes stirring tine) aqg introduced into a screw- cap
bottle, and the bottle is closed. After all gas bubbl es have escaped,
the cl ari t ylbsfaig fhe blawigg gasi and physicalyplaytieg kestiisawhicromrminkd: toearddnat ur e.

| f the sanpiteriihg cohmmentsifir pofustizme puriitlion. cooled in steps of 1Cin a
wat er bat h and checked for clarity 30 mnutes after the set
terrperature has bhe reache term. nati on of the depvol ding

behavi or : %&"?ﬁﬁ\? & Wgselr?ﬂce\}ﬁa@"%t?é'ﬁﬁp Wé‘EFrB‘S'/“CHé%aﬁPrW‘H"g t he
post - ex p%ns‘ﬁ@ﬁyaﬁqﬁe BtsuiRs bodlimiatp pabiercdoxics iArfgrier freguardly dsévbpiiyaigal he

di mensi ons MOWIng aded isfoMic eeas a function of the denolding tine and
t he overpacking (O, corresponds to the ratio of overall foam
density/ m ni num,fi ansi on was determ ned by
20 neasuri ng THE! nﬁﬁ?rb\ﬁ %rfrn g%(ée %ﬁﬁ&&&t‘é 98@? $ PoysigRbplpwing agents

Pr epar at i on°¥algke yeHy Hishe area e gerstibed, peinpeunds whizh are Bert towardfsur e
react or 1pr ostawdied cohpdnestsisnt @re ujualkiRiuide asdnn @naRehiee @hi DghoritB LIRdNEE

faci lities fapiieel bidhd SR

al so facil |r§ 3)@ {J-: Eﬂﬁ@tﬂabf&&gg %l&%b?{%@ﬁlﬁfgﬁ%cﬂﬂ%f@h(g}é/é e g? ?T%g!y
was heat ed g Pr@@%a BV F9FInBEP '“8 ep%goungswﬁrckar aseous
vi c-tol ueneﬁrfa?mﬁﬁé“w*e"el e egrinEedlced tbdarineespwadnto themtattigOcanimnents
stirrer wasorstradisedvedihereheiopexatples earvasdisuts asubsilidgaltanes eased to
138C angsa mdg@éuagegf 3.61 kg of ethylene oxide and 2.77 kg of

propyl ene oxide (2.9 nol of al kyl ene oxide per nole of TDA) was

i ntroduced._After a reaction tinme of 2 hours, the tenperature was
reduced to TeRehvaia hiavieg agenisms sevalt elactad e ke wopp ornsistieaidfedkarthe
t enper at ur eawbsycionlammdesting at 838G arisbntztems, pil=titynahiersl tai@ kefopast ed 35

with adf gr ]'E wegézﬁu&@alkﬂié%fhapiﬁﬁmﬂnel% s0EkER: at&f-ﬁ'?arﬁf tbfaant r’iei]s%vr[nlg
procee ni t rogen
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subsequent | ydmrtreagedakn 138C and 7.50 kg of propyl ene oxide (2.8
nol of propyl ene oxide per m)l of TDA) were introduced. After a

reaction ti EE ofI 2 %ours he tenperature was reduced to 100C and 91
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phosphoric XEFYC m? Pro\Wf 8By |- hpdef- B%ﬂtaﬂh'ﬁfiﬁ’gr‘tar‘%d[ubeé pressur e
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havi ng Bhe habthfomtopgopane ped sls€erfluoroalkanes such as C3F8, C4F10, C5F12, C6F14,
and C7F16. Particular preference is given to pentanes, in particular cyclopentane. The

physical blowing agents mentioned can be used either alone or in any combinations
with one another.

40  Furthermare, hydroflucrooiefins such as 1,3,3,3-tetrafluoropropene or
hydrochlorofluorcolefins such as 1-chloro-3,3,3-triflucropropene can be used as
blowing agents. Such blowing agents are described, for example, in WO 2009/048826.
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The reactor described in exanple 1 was heated to 80C and nmade inert a
nunber of tines. 6.2 kg of vic-tol uenedi am ne were introduced into
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15 A conparison of the polyol viscosities obtained shows that polyol
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viscosity i¥°UPSthe same order of nagnitude as that obtained for the
5 polyol 1 which is not according to the invention and has _

cor r espondi gerpdetad dreREodly BidyArBings Sich @@ sHEriiSry aliphatic Br@dCt i on of
the rigihg pRliyaorkNaRginEoaPasd AR Aidmhind %trfa[n‘icqln&al compounds, in particular

organic tin compounds.

When isacyanurate groups are also to be incorporated into the rigid polyurethane foam,
specific catalysts are required for this purpose. As isocyanurate catalysts, use is

20  usually made of metal carboxylates, in particular potassium acetate and solutions
thereof.

The catalysts can, depending on requirements, be used either alone or in any mixtures
with one another.

25
The process of the invention can, if necessary, be carried out in the presence of flame
retardants and customary auxiliaries and/or additives.

As flame retardants, it is possible to use organic phosphoric esters and/or phosphonic

30 esters. Preference is given to using compounds which are unreactive toward
isocyanate groups. Chlorine-comprising phosphoric esters are also among the
preferred compounds.

Typicai representatives of this group of flame retardants are iriethy] phosphate,

35 diphenyl cresyl phosphate, tris(chloropropyl} phosphate and diethy!
ethanephosphonats.

in addition, it is also possible to use bromine-comprising flame retardants. As bromine-
comprising flame retardants, preference is given to using compounds which have

40 groups which are reactive toward the isocyanate group. Such compounds are esters of
tetrabromophthalic acid with aliphatic diols and alkoxylation products of



Pol yol 1: Polyol 2: Polyol 3: 15Polyol 4: Polyol 5: Polyol 6:
20Stabilizer: Catalyst 1: Catalyst 2: Catalyst 3: |socyanate: from
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15 Methods:
Viscosity determination:

The viscosity of the polyols was, unless indicated otherwise, determined at 25°C in

20  accordance with DIN EN SO 3219 by means of a Rheotec RC 20 rotational viscometer
using the spindle CC 25 DIN (spindle diameter: 12.5 mm; internal diameter of the
measuring cylinder: 13.56 mm) at a shear rate of 50 1/s

Measurement of the hydroxyl number:
25

The hydroxy! numbers were determined in accordance with DIN 53240,

Thermal conductivity:

30  The thermal conductivity was determined using a heat flow measurement plate
mstrument Hesto A50 at an average temperature of 23°C. To produce the test
spacimens, the polyurethane reaction mixture was introduced into a mold having the
dimensions 2000 x 200 x 50 mm (15% overfilling) and removed from the mold after 5
minutes. After storage for 24 hours under standard conditions of temperature and

35 humidity, a plurality of foam cuboids (positions 10, 900 and 1700 mm based on the
start of the lance) having dimensions of 200 x 200 x 50 mm were cut from the middle.
The upper side and underside were subsequently removed so that test specimens
having dimensions of 200 x 200 x 30 mm were obtained.

40  Compressive strength:
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The compressive strength was determined in accordance with DIN 53421 / DIN EN
ISO 604,

Determination of the pentane solubiity:

To determine the pentane solubility, the polyol component is mixed with the amount of
blowing agent indicated in the examples (Vollrath stirrer, 1500 revolutions per minute, 2
minutes stirring time) and introduced into a screw-cap bottle, and the bottle is closed.
Aiter all gas bubbles have escaped, the clarity of the sample is firstly checked at room
temperature. If the sample is clear, it is subsequently cooled in steps of 1°C in a

waterbath and checked for clarity 30 minutes after the set temperature has been
reached,

Determination of the demolding behavior:

The demolding behavior was determined by measuring the post-expansion of foam
bodies produced using a box mold having the dimensions 700 x 400 x 90 mm as a
function of the demolding time and the overpacking (O, corresponds to the ratio of
overall foam density/minimum fill density). The post-expansion was determined by
measuring the height of the foam cuboids after 24 hours.

Preparation of the polyether alcohols:
Polyol 1:

A 30 [ pressure reactor provided with stirrer, jacket heating and cooling, metering
facilities for solid and liquid substances and alkylene oxides and also facilities for
making inert with nitrogen and a vacuum system was heated to 80°C and made inert a
number of times. 5.47 kg of vic-toluenediamine were infroduced into the reactor and
the sfirrer was started. The temperature was subsequently increased to 138°C and a
mixture of 3.61 kg of ethylens oxide and 2.77 kg of propylene oxide (2.8 mol of
alkylene oxide per mole of TDA) was introduced. After a reaction time of 2 hours, the
temperature was reduced to 100°C and 88 g of 48% strength aqueous KOH were
added. The temperature was increased to 138°C and the intermediate was reacted
with a further 12.26 kg of propylene oxide. The after-reaction proceeded for 2 hours at
138°C. The mixture was stripped with nitrogen for 20 minutes. 2.5% of water was
subsequently added and the mixture was neutralized with phosphoric acid. The water
was stripped out under reduced pressure and the product was filtered at 80°C. This
gave 22.9 kg of product having the following properties:

Hydroxyl number 398 mg KOH/g
Viscosity (25 °C) 13772 mPas
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Polyol 2:

The reactor described in example 1 was heated to 80°C and made inert a number of
times. 5.65 kg of vic-toluenediamine were infroduced into the reactor and the stirrer
was started. The temperature was subsequently increased to 138°C and 7.50 kg of
propylenea oxide (2.8 mol of propylene oxide per mol of TDA) were introduced. After a
reaction time of 2 hours, the temperature was reduced to 100°C and 91 g of 48%
strength aqueous KOH were added. The temperature was increased to 138°C and the
intermediate was reacted with a further 11.74 kg of propylene oxide. The after-reaction
proceeded for 2 hours at 138°C. The mixture was stripped with nitrogen for 20 minutes.
2.5% of water was subsequently added and the mixture was neutralized with
phosphoric acid. The water was stripped out under reduced pressure and the product
was filtered at 80°C. This gave 22.7 kg of product having the following properties:

Hydroxyl number 371 mg KOH/g
Viscosity (25°C) 42359 mPas
Polyol 3:

The reactor described in example 1 was heated to 80°C and made inert a number of
times. 6.2 kg of vic-toluenediamine were introduced into the reactor and the stirred was
started. The temperature was subsequently increased to 138°C and 8.26 kg of
propylene oxide (2.8 mol of propyiene oxide per mol of TDA) were introduced. After a
reaction time of 2 hours, the temperature was reduced to 100°C and 220 g of
dimethylethanolamine were added. The temperature was increased to 95°C and the
intermediate was reacted with a further 12.07 kg of propylene oxide. The after-reaction
proceeded for 2 hours at 895°C. The mixture was siripped by means of nitrogen for 20
minutes. This gave 23.6 kg of product having the following properties:

Hydroxyl nymber 404 mg KOHfg
Viscosity (25°C) 14600 mPas

Table 1: Comparison of the viscosities of polyols based on TDA

OH number Viscosity

fmg KOH/g] ImPas@25°C]
Polyol 1 396 13772
Polyol 2 371 42358

Polyol 3 401 14600




Lupranet0 M 20 156 156 Creamtine[s] 5 5 Fiber tinels) 40 41

10

10

15

20

Free foamdensity[g/L..] 23 23 doud point of polyol conponent ['C

15
A comparison of the polyol viscosities obtained shows that polyol 3 according fo the
invention has, despite a higher OH number, a significantly lower viscosity than polyol 2
which is not according fo the invention and has been prepared by means of KOH
catalysis. The viscosity is of the same order of magnitude as that obtained for the

polyol 1 which is not according fo the invention and has corresponding proportions of
ethylene oxide units.

Production of the rigid polyurethane foams:

Starting materials:

Polyol 1: from example 1

Polyol 2; from example 2

Polyol 3: from example 3

Polyol 4: polyetherol based on sucrose, glycerol and propyiene oxide, KOH-
catalyzed, functionality = 5.1, hydroxyl number = 450 mg KOH/g

Polyol 5: polyetherol based on vic-TDA, ethylene oxide and propylene oxide,
hydroxyl number = 160 mg KOH/g, KOH-catalyzed

Polyol 8: dipropylene glycol

Siabilizer: Tegostab B 8491 (silicone stabilizer from Evonik)

Catalyst 1: dimeihylcyclohexylamine (DMCHA)
Catalyst 2: pentamethyldiethylenetriamine (PMDETA)
Catalyst3:  Lupragen N600 (BASF) '
Isocyanate:  polymeric MD! {Lupranat® M20) .



5 Viscosity of polyol conponent InPas(c)25C) 6600 7400 Fl ow factor
[MPas@5C) 1,3 1,3 Lanbda [mMNW M 1 C] 19,2 18,8 Conpressive strength
I NbPnm21 0,17 0, 17 Post-expansion f% 3mn. 4,9 3,8 4mn. 3,4 2,4
5mn. 2,3 1,5 7mn. 18

Machine foaming;

A polyol component was produced from the raw materials indicated. The polyol
component was mixed with the amount of the indicated isocyanate required o achieve
5 an isocyanate index of 110 by means of a high-pressure Puromai® PU 30/80 IQ
(Elastogran GmbH) at a discharge rate of 250 g/sec. The reaction mixture was injected
into temperature- controlted molds having dimensions of 2000 mm x 200 mm X 50 mm
or 400 mm x 700 mm x 90 mm and allowed to foam there. The overpacking was 15%.

10 The starting materials used, the production properties and the mechanical properties of
the foams are shown in table 2.

Table 2: Overview of machine experiments {(C = comparative experiment)

Tabelle 2: Ubersicht Maschinenversuche (V = Vemleichsversuch}

1{C} 2

Polyel component [pbw]

Poiyol 4 22 -
Polyal 3 - 22
Polyol 4 54 54
Polyet 5 . i3 15
Polyal 6 2

Siabilizer 2.8 28
Catalyst 1 0,5 0,5
Catalyst 2 .8 0,8
Catalyst 3 0.4 0.4
Waler 2,6 2.0
Cyclopentane 13 13
Isocyanate Component

Lupranet® M 20 156 156
Cream timels] 5 5
Fiber timels] 40 A
Free foam density  [g/L} 23 23
Cloud point of polyol component  [*CJ 10 5
Viscosily of polyol component [mPas@25°C) 6600 7400
Flow factoy [mPas@?25°C] 1.3 1,3
Lambda [mWim*K] 19,2 18,8
Compressive strength |Nimm?] 0,17 0,17

Post-expanston {%}

3min. 4,9 3.8
Amin, 3.4 2,4
Smin. 23 1,5
7min. 10 0,3
Overall foam density[giL} 35,2 35,9
Foam density of corejgil] 31,7 32

15

Example 1 is a comparative example. The system in example 2 (according fo the
invention) comprising a polyether alcohol based on TDA and propylene oxide using
dimethylethanolamine as catalyst has significantly improved demolding properties

20 which are reflected in a lower post-expansion. Furthermore, the compatibility with the
blowing agent is improved, as reflected in a lower cloud point.
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daims 1. Aipro%%ﬁécefsQForBFda%!ﬁg BeyReihurEShBRgRgbY reacting a)

pol yi socyanates with b) conpounds having "at Ieast two hydrogen atons
whi ch are reactive toward i socyanate groups, wherein the conpounds b)
havi ng & Ieas@)thdH?HW6@%ﬁ3H%bns whi ch are reactive toward

i socyanate groups conprise at |east one polyether al cohol bl) which
has been prepangd QMn;E&ﬁ@é hél}hgﬁét 43t AoHYBlden atmn@w\%)armaaumewdene
oxi de using an am ne. e rm} is différent frombla) as catalyst.
The process accor di’ng 1o al n11 wherein the aromatic amne bl a) is
selected fromthe group consisting of aniline, TDA, MDA and PMDA. The
pr ocessitaccor diwigreirothe lcampounds wh bavingattidest modydtogen atvimseviich aag | S

Z ng?é?g f{gmcfr&!l@:n@é t@u@roci@db?éﬁété B&bups Caf%sé%{jieg@t@ﬁe doener é?&ﬁ\%ﬁbp

ot ocess  sccor di'ftgs LEF bbbl B o cR SPILE il ) b Pigpyich€
conprises at | &% £ UBpgAR TS Rkt Whish issifesent frRe Wig) gheatdysti he TDA, of
vi ci nal TDA. The process according to claim1, wherein the am ne bib)
is sel egd edp.fr ORe boEeBI-RURIRE BSEISH ) Wrefeir] thi Mbam@%m) is selected
triethyl am ne, %ﬁ'l't 8&’5 ééﬁs{%ﬁ% 51‘{#:19}‘!% Land P

N, N - di net hyl e m ne exy arri ne,

di et hyl et hyl am ne, di net hyl butyl am ne N N' di et hyl ani | i ne,

4- di met hyl a#i ndhey priodéssesccdtding 10 diairre‘t,htyiemmm?bmwearrmgmm iseselected

i m dazol e, N nmebhyhd grodazasitingofmiAyd PudAazol e, 4- et hyl i m dazol e,
5-met hyki m dazol e, 2-ethyl -4-nethylin dazole, 2,4- di met hyl i m dazol e,
1- hydr oxypr opyI m dazde, 2,4,5-trinethylim dazol e, 2- ethylim dazole,
2. oyl - 45 ot W19 RCREGeESIRG FhERUT OIS BBk ey ol e

4- phenyl | m dazol e, guanidine, alkylated guanidines,

1,1, 3, 3- t etg.anghdplogesanicdbrig to claim 1, wherein the aromatic amine b1a) comprises at

7- met hyl -1,5, 74, Ft’ 9%3{3%% \S\‘v&gﬁtoéa%eé ogkﬁ&\ﬁeléht%@ﬁe TDA, of vicinal TDA.

1,5-dia oblcyc ene,
1,5-dia %blcyclo[S 4. 0] undec- 7-ene. The process according to claiml,
wher ei n t heb.amlhepivegssi asceingthlpiet hahereimiha@mine b1b) is selected from the

group consisting of trimethylaming, triethylamine, tripropylamine, tributylamine,
N,N’-dimethylethanolamine, N,N’-dimethylcyclohexylamine, dimethylethylamine,
dimethylbutylamine, N,N'-dimethylaniline, 4-dimethylaminopyridine, N,N’-

30 dimethylbenzylamine, pyridine, imidazole, N-methylimidazole, 2-methylimidazole,
4-methylimidazole, 5-methylimidazole, 2-ethyl-4-methylimidazole, 2,4-
dimethylimidazole, 1-hydroxypropylimidazole, 2,4,5-trimethylimidazole, 2-
ethylimidazole, 2-ethyl-4-methylimidazole, N-phenylimidazole, 2-phenylimidazoie,
4-phenylimidazole, guanidine, alkylaied guanidines, 1,1,3,3-tetramethyliguanidine,

35 7-methyi-1,5,7-triazabicyclo[4.4.0]dec-5-ene, 1,5-diazobicyclof4.3.0]-non-5-ene,
1,5-diazabicyclo[5.4.0lundec-7-ene.

7. The process according to claim 1, wherein the amine b1b) is
dimethylethanolamine.
40
8. The process according fo claim 1, wherein the amine b1b) is an imidazole.



The process according to claim1, wherein the amne bib) is an

i mdazole. 18 9. The process according to claim1, wherein the am ne
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bl). 510. The process according to claim 1, wherein the polyether

al cohol s b1¥- hi%?@cwcﬁ%@(?mﬁm%w,wef%thﬁm o) in Uze0 Inan Moourg!
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b) conprises aprdogRfibn ke haldthalacopAMAYNd having at [east two
hydrogen atons which are reactive 10toward i socyanate groups in

addition to the polyether alcohol bl). 12. The process according to
cl ai m 1,5 whiteiThe eI HBATC BRiMchihera hegolypbigsalcdivi Hohgva der

al cohol b2) hanidrgyantmiokrdxink rangetiem 200 biseo marigeHfr om 350 to 600 ny
KOH g and a functionality in the range from4 to 8 in addition to the

15pol yet h | cohol bl). 13. The_ | . di laim1
aherer n 1t he! Eonepierricoddng iy Sell Bt Fe3he it B fufibesiierstng
havi ng a funct PBREIescoETPoRpGRavIng:3) leashivg hydipgen aleyis Wilimse r9eatitene

range fnom 100 taver@B0cyagatk @rtiups imadalitih tid the dotyetheealpaioypt). her
20al cohol bl). 14. The process according to claim 1, wherein the

conponent b).,c I e, Ral vest.er al coh b4 having a
hydr oxyl nu%eﬁﬂlghk{%ﬁ%’ afcgﬂréjg%? gr’ 8‘%%66’5}}%@%% Gr?ﬁmf%ﬁ—'ﬁé) YRS Sfledst
functionality OFePPi¥Fhe alenal §2) haes 3 huiopbnymier ibihe sngerfrors 36 Ehol
bl). 15. The pE6¢ewsi@dgandirighdionatitydan thelrangdfesre i o 8 ireaddéiacto e i S
carriedqgut inpblyener assee)of bl owing agents c). 3016. The process

according to claim1, wherein hydrocarbons are used as bl owi ng agents

c).
) 13. The process according to claim 1, wherein the component b) comprises at least

one polyether aicohol b3) having a functionality of from 2 to 3 and a hydroxyl
number in the range from 100 to 300 mg KOH/g in addition to the polyether
20 a!cohol b1

14. The process according o claim 1, wherein the component b) comprises at least
ane polyester alcohol b4 having a hydroxyt number in the range from 200 to
350 mg KOHfg and a functionality of from 2 to 3 in addition {o the polyether
25 aicohol b1).

16. The process according to claim 1, wherein the reaction is carried out in the
presence of blowing agents c).

30 16. The process according fo claim 1, wherein hydrocarbons are used as blowing
agenis c).



