PF 53350 V.1 Gaft polyols having a binodal particle size distribution,
preparat i FF o333 graft polyols and their use for the preparation of

pol yuret hanes 5 10 The present invention relates to graft polyols having a
pinodal particle size distribution and processes for the preparation of
such graft polyols and their use for 1he preparation of pol yurethanes.
Graft polyols, also referred to as pol yner pol on s, are dispersions of
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Compounds having at least a hydroxyl group functionality of from
2 to 8, preferably from 2 to 6, and an average molecular weight
of from 300 to 8 000, preferably from 300 to 5 000, are used as

35 carrier polyols. The hydroxyl number of the polyhydroxy compounds
is as a rule from 20 to 160, preferably from 28 to 70.

Graft polyols are prepared in continuous processes, with the use
of stirred kettles having a continuous feed and discharge,

40 stirred kettle cascades, tubular reactors and loop reactors
having continuous feed and discharge, or in batchwise processes,
by means of a batch reactor or a semibatch reactor.

In the semibatch process, only a part of the raw materials, the
45 initially taken reaction mixture, is initially taken in the

reactor. The remaining raw materials are transferred to the

reactor in one or more metered streams during the reaction. The
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polyol, stabilizer and isopropanol.

35 EP-A-0786480 describes a process for the preparation of graft
polyols having a narrow particle size distribution, in which
process the initially taken reaction mixture consists of a
carrier polyol, stabilizer and a graft polyol, more than 80% of
the solids content of the graft polyol used in the initially

40 taken reaction mixture being formed from the monomer styrene. In
the further course of the reaction, graft polyols having a narrow
particle size distribution are formed by free radical
polymerization of further monomers, with a styrene content of
> 80% by weight, using free radical initiators.
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Graft polyols are usually produced with a solids content of from

35 30 to 65% by weight. In many polyurethane applications, these
high solids contents are, however, not necessary for achieving
the desired property level, so that further non-solids-containing
polyols are used in the polyol components. The preparation of
graft polyol mixtures having a reduced solids content of graft

40 polyols having a high filler content with non-solids-~containing
polyols is part of the prior art and can be carried ocut both by
the customer and by the producer of the graft polyols. Examples
for the preparation of such graft polyol mixtures are described
in the following patents: US 4814360, DE 3844048, US 4436843.
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't is an opreei3gh the present invention to provide graft polyols which,
when used in pol yurethane systens, have inproved cell 35 opening behavi or
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35 opening behavicr and improved flow behavior in the foam mold, the
preparation process thereof being intended to be very simple and
econcmical.

We have found that this object is achieved, according to the
40 invention, by using graft polyocls having a total solids content
of from 5 to 65% by weight and & bimodal particle size
distribution, containing defined small particles and defined
large particles, which are substantially separate from one
another, the total content of solids having the defined particle
45 sizes consisting of a veolume fraction of from 5 to 45% of small
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35 used in the initially taken reaction mixture and having a
monomodal particle size distribution, and the weight of the
macromer used in the initially taken reaction mixture is from 1
to 30% by weight, based on the total weight of the ethylenically
unsaturated monomers used, which is at least sufficiently large
40 that small particles are formed in the further course of the
reaction.

Finally, the present invention relates to the use of such graft
polycls for the preparation of polyurethanes and a process for

45 the preparation of polyurethanes by reacting organic and/or
modified organic polyisocyanates (a) with graft polyols (b) and,
if required, further compounds (c¢) having hydrogen atoms reactive
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nodul e) Cpeided ofpdwbhll ASiryiRdeysayd enedlatrexfragtivm@fPEDS) $ortm Hagtor 1

Measuring of quirdje paPeopnew) thiegdi dolgld dehicyCohidaimmming. 8d4100eal part of

sanpl e refractive index: 1.6 |nmagi nary part of sanple refractive index: O

45 PF 53359 5 8r l%gg‘gg ggﬁ ara 'Oﬂa %rp 18fn$f3?f§ou%%l )ég N &ag}ded 1to 15
hB

m  of |sopro yanol I'n a of "a Steur

pi pet t e 1AnBF 3ty Medd© $ aypr?ﬁ?gnqﬁdsﬁéplgfig}, H’%‘Y%&Ed“ﬂ? opwi se to the
SVM nodul edbﬁtlt%tﬂ:easmﬁfgss gopatatize mtlior Biuseositenandensry yados

aut omat i caprgeessdingapedpefthiesnedsucemerdsti $o gheft Jicdviodd. hd@inkhe snal |
particles ﬂ@l&ﬁlﬁdﬁaﬂgdﬁgtim;ﬂﬂiheﬂki Nwedie ihanact gdiwiede BYza@ peak which
pref er abl ydP&&llfb%t'ana Eﬁé@%ﬁ bEEODH\[S}:&%dt Qteo&eﬂ@nﬁeﬁQQ&f Ny range of

fromO. articles is
advant aég B mvetig ffr Ow - \{100r0120%{3m (iflarur:Ln mrafjt Pered: accor di ng to

the invention are characterlzed by a peak mhlch preferably begins in a
range of f@emy. 4 tdeligprepnedandlénerening behayonfviianohese grf: 0 pm The
maxi num of pdiywlsoeak ofedherHeamge pfirdeld epensnadpahicdgeand| yriar from 0. 7

to 2.5 process assistants can be limited, for example in cold-curing

25 foam formulations, which makes the formulation cheaper, excludes
a possible source of metering errors and improves the foam
properties. For example, improved elongations at break and tear
propagation resistances during foam molding or better values for
tensile strength, elongation and compression set in the case of

30 conventional slabstock foams with increased load-bearing capacity
are noteworthy.

The novel graft polyols have better flow behavior under strong
shear load. Consequently, the filtration rate during purification
35 of the graft polyols is higher for a given filter area or a
smaller filter area is required for the same throughputs. In foam
molds having complicated geometries (foam backing of automotive
carpets, automotive seat molds, etc.), the reaction mixture flows
better, leading to a reduction in void formation.
40
The novel graft polyols are dispersions of acrylonitrile/styrene
copolymers in a polyetherol as the continuous phase.

They have a total solids content of from 5 to 65, advantageously
45 from 10 to 50, % by weight, and a pronounced, substantially



20 m Accopglisgzg@ the invention, the nmeasured peaks of small and | arge
particles are substantially separated from one another and do not overl ap.
O course, particles of other sizes which are not in the 25 defined ranges
sy al so be present in small anounts %usually not nore than 5% by vol une)
in the novel graft polyol wthout cas doubt on its binodality and

wi t hout aoﬁ%@l‘:ﬁda&%‘iq%g’aﬁﬁéc1@1&%%615%%’%0@5 COMPY HReLrfg ﬁalﬁlioﬂ%er
pol yol andlange peotéstesg asi depohgdirfotrithee bybtvens.f .30idimee @r)epar ati on of

t he novel graft polyols can be carried out in different ways. Gaft

pol yol s arg,Jsiably PEEPAE oBYtfid e..-ﬁnmdbs@tl&fgsvr{%r leZ8hi O o 3840f the

mononer s acryl oni b ren al MopoMers, 'a macroner
and a node?r%%rralgrrll \%\f?’ﬁsjl(%é:o 1 bfp%Qle [eE 1\' Cﬁreﬁerahhﬁ 13 g&Reral Iy
azo or peruXidénSo BB urRime ﬁrac"b‘?ﬂ Vit ABRolakYe RALFESLes ofs af§°!“h85 to
cont i nuouss Phaesefsoalghy rirom B6| Yol &0uspdrateubonpopudenabindgram Beast a

hydr oxyl s @ss.functionality of from2 to 8, preferably from2 to 6, and
an average nol ecul ar weight of from300 to 8 000, preferably from 300 to 5

000. Th X f.the o] from 20
to 160, fprh% elga%)lar@Fngéz% e ggﬁ%l{ng §% ng#&q%noﬁ aﬁlé%c? F‘Xof‘s used
as carrier® F5N3 a?iaa’Eﬁ' aPéd 0\ %?c?wri'ro oteedreser

exanpl e, R ther P‘E‘el Wtfﬂﬁ@aré&rw%ﬁer@@llyol%mar%2u§é’d°|-ﬁcliw-| dual I y or in
the formof mxtures. 5 Macromers, also referred to as stabilizers, are
linear or Liyguehedipvéyals twbi sbniawe Jokaey| Bivemriight §r@ftra:%e0aavgﬁgnl

and  copiaj 'ba@cttllcﬁésélélﬁlﬁ:ére'b?‘ Pf‘é:m d Q;aG;U ¥€o Oﬂu{?f ';JPe‘ieHQﬁf} W@ . 5IEQUP-

The et hyl epi aIIy una rat.ed u an e into an eX|st|ng
pol yol by 'irjecg i‘oR W T arl)}’dlpl Pe a(b(r\}ét"l eie anhygt g’e B funmaric aci d),
acrylate and rret hacryl ate deri vat| ves and isocyanate derivatives, such as
3-i sopr opefig PRrticld siaas [@pdnkheiy ﬂi@;ﬁaﬁév*ésororcqrs@@yammw

nmet hacryl atessns Af flynshisr Inghhosdcastdihimgpreparaducrhoder ad pbf nealt iby .

al koxi dag i Pk Qfatibl, OBYAEAE i9XkdBy Al i)y benemdKi d® Uskpe pdrdicaker is

mol ecul es 15 hawvi ng ng@lrcqﬁ%l a@i QLIPS AN 16khyh gpi ¢ unsaturati on. Exanpl es of
such macroners are descr &ln the patents  US 4 390 645, US 5 364 906, EP
0 461 800, Us 4 997 857, US 5 358 984, = US 5 990 232, WD 01/04178 and US 6
013 731. ﬁﬁﬂqtﬁﬁmﬂﬂ%q%é’fr éEIFc%?rtp‘tﬂ%éllF%a‘iiJr-’tﬁﬂFleﬁéc’%c‘fmréﬁg al so
i ncor por ate@ut iusiogt Aelasgolppreicthaanalypieirs frem tawliten theéer ftdemati on of

bl ock cppofyrmmdnghcehidihaemsa pol yet her and a polyacrylonitrilel/styrene

bl ock, act as a phase nediator in the interface of continuous phase and

di sper sed +a3ad suppress 2p,1he aggl gﬁrﬂémegf Lgh§3(gr&:f yol

particles. e anmount of the pacroners_1S usu fr 5 wei ght,
based on the total weight of LREHoXGnmERRI %SE%CP%ID Pﬁe é(lb of t he

graft pol y¥taswgngopriveiphespaFaayiwisr gibfragiciafors, cmlepsmh so
referred0 to as chain-transferPHe@ents, are usually used. The use and the
function of these noderators a(ponasicdithed Imcdrha ygabépférential

Scattering)
Laser wavelength: 750 nm
PIDS light source: Tungsten halogen lamp, 3 filters: 450 nm,
35 600 nm, 900 nm, scattered light measurement

at 6 angles: 60°, 75°, 90°, 105°, 120° and
146°, vertically and horizontally polarized

Dispersing unit: Small Volume Module (SVM module)
Optical model: PSL (Polystyrene latex) with

40 PIDS, form factor 1
Measuring liquid: 2-Propancl
Liquid refractive index : 1.374
Real part of sample refractive index: 1.6
Imaginary part of sample refractive index: 0

45



US 4 689 %@g, e 365 986, EP 0 510 533 and EP 0 640 633, EP 008 444 and
EP 0731 11 BI'?L %y chain transfer of the growwng 35 radical, the
noder at ors reduce the nol ecul ar weight of the copolyners formng, with the
result that the crosslinking between the polyner nol ecules is reduced,

whi ch influences the viscosity and t8e dispersion stability as well as the
filterabil3dmplef prhpargyrisdn: pdl yfokd. oFheraopeiyol iwdeidedots 15 miswdl |y
from0.5 to 40 25% by wei ght, fm$edpenol he4Rbabkn¥e) i 0f0t he wauKFEr S
used for the preparation of tlie QLakt POl Wil NYPASIALQLS JHguaL | Yr-désed for
the preparation of graft pol yolhs ar eHgI cqﬂg{ , dsuch as 1-,but ago ,

2- but anol, isopropanol, ethano ogﬁ’ag ¥ hanoi®, &98?5?1%%&5, a ?‘aenes_,

nercapt afs, such as et hanet hi FZOPYiR8ptanidiehiSYHM module afc thReM P DI 1ng

1- dodecanet hi ol , thi ophenol, Z2pEikpkthexyhtidFs3850idam: demisaglyesl at e,

met hyl thioglycolate and cycl aligxatireaThptiaiicandd. ey mehbearemepdisnds,
nmor phol i nes and a- (benzoyl oxy)S{of €Rgr+&gr 0xXi de or azo conpounds, such as
di benzoyl peroxide, lauroyl 5 peroxide, tert-anyl peroxy-2-ethyl hexanoate,
di-tert-butyl peroxide,. diisopropyl peroxydicarbonate, tert-butyl .

per oxy- %9 eT%I%@%inB%f‘é%Clteér FFSB{‘)%}“%e?Ppi 51 BRYENTIEN 2pft Gharacterized

per neodecatibat ®eakevhighytBneigspbbnAnaias cara-ngd ofefEpDt Grith éo 0.08
tert-butylupeamdebdsyimtae, ranget ebufsdm Pedoxy- ¢ -retrhy [Tpe opaxioaire of16he
tert-butylpdn @ty tBeeéhyl PRAraANeds S, id dvalbhydo R0 XRY0EHEMORIZE toadd40
di-tert- bw_l per pht hal ate, 2,2'-azobis(2,4- dinmethylvaleronitrile),

2,2 -azggi si sobutyronitrile (AIBN), dinethyl 2,2'-azobisisobutyrate,

2,2 -azobi s(2-net hyl butyronitrile). (AMBN) and 15 ,

1, 1' - azobi $fe - J@FGFoRBX Gt S BERPFAITE)EC &8 RYRNAPTUSER FRATaqYSTEESRi ng
the free rkiliaaieafowhhel ipnstfiegablyheegimsunn afrange ofnfremt &% tios lw8ual |y
fromO0.1 tun Ghdogndei ifinta daagedodHnftdre 1.20tal 5 weiyght Toé hineinmmnofetbe used
for the prefal ¥f @ReOfatdte pa@tatbie 90l AavadabMb it ALt Reoke@ct iten2rgte of
the nonggers and the half-life of the initiators, the free radical

pol ymeri zation for the preparation of graft polyols is usually carried out
at from70 to 150C and up to 20 bar. Preferred reaction conditions for the
25 prepar RFWFBNIgEAf Ehoinysnsiare thshperstted Peskst PénsBoll arthderdat a
pressur e opartigrhest posphrdtangieddyrseparatsdbfrom @nef enpbhgolandade peepar ed
i N conti Nnueksr IRPQCesSesutsd NPpasticIed ofkethkeSsiwad Rpiahcans inatodn thed and
di schar g8, st idddakgls | Ray3R168S6808%esdithihaind BAGHRLAL8NFud ANy gBEL Or' S

havi ng cont i nu i.schar rhn | .rpans
of a bat cﬁ%%e%éﬁﬁ&giﬁg ?qu%eia%‘h@f%ﬁ%fs?. spite ?@glpﬁgﬁﬁﬁe?g@é;@ onl y
a part of tHPYT &R tfe F‘éﬂ‘i“ 1K eand v it PAYE T e gﬁ‘&ff‘b‘?\ trr‘)ﬁextur_e, is
initially ¢e&&ed RrERer e fr thehbinalnbiodyReT refd ¥edt 8rPaltss RCeEEA8er r ed
to the reactmlyurethanersyateasnetered streans during the reaction. For

saf ety ggasons, the initiator and the nonomers should not be present in

one net er eghs i heaa 2 BYoMes S nel nbbe1 SEriRabehydlds LACSAUERr ridte fRuLge Of
t he reactl&r-]ffes%%@ Qfg‘{;he renoval of 1he ea¥ of reaction and the particle
e better

formati on, “can er controlled. In the preparation of graft polyols

in the sem batch . o
Graft polyols are usually prepared by free radical polymerization

35 of the monomers acrylonitrile, styrene and optionally further
monomers, a macromer and a moderator and with the use of a free
radical initiator, generally azo or peroxide compounds, in a
polyethercl or polyesterol as the continuous phase.

40 Carrier polyols used are compounds having at least a hydroxyl
group functionality of from 2 to 8, preferably from 2 to 6, and
an average molecular weight of from 300 to 8 000, preferably from
300 to 5 000. The hydroxyl number of the polyhydroxy compounds is
as a rule from 20 to 160, preferably from 28 to 70.

45



process, tRE P@A&BPning raw materials are usually nmetered into the reactor

in the course of from60 to 300 mnutes, followed by a 45 postreaction tine
of from5 to 45 mnutes. PF 53350 11 After the synthesis, the crude graft
pol yol s al so pass through various wogki ng-up steps in which the properties

of the co rci r stabl | . Thus. the nononers .not
conpl et el y%#elﬂeggggg??%&sﬁ u%e?[ég J'fggcs#l%gl pog}’o%rsereirfapf%%a%%% % furt her
bypr oduct s],{n%"{fbﬁjre?é"eﬁﬁ‘(?ﬁmr%s §Féﬁ%‘és!fc\}b?éﬂgl’% origEither beipybuidle (voo)
and conpoufRET i FPlyalseatodifesgindieiduaddyedr insihe Ifpripyosimiixtpirag- under
reduced pressure. Gaft polyols may not contain any oversize particles and
| Mpuriti gsMadFordr@5r alfo BvRidekiaubt s BHaEHIYiPELEL SN ihBal 0Pl OCkage of
filters, sheveshedlQon98ZL SoicrChalL rr?&iafe%:l%rr:%l&lfm ROLY 980 Aoy and
ed

purified bg atalonea-ts'tél_age or Itlstage | . on pri.or to's

bol yol 5 hat PR A SinaPanti A1 o SLBRAF bt AP Chi B A= HYE| Epaatyaed

di stributi 8FPERm e BrBpEFRF AN YNHREHGILFEL PSR Stan bavingrodwesd Aatpow,
nononodal parexistdngi pelviekthy eprbhomnd tdi fhbyeéntdgrarmade éc sarasiride,
figure 4p. fdier inowelidg; add¢rylaltpohadaneciirglaed dérilatlioastagne graft

pol yol  havidig, #harenagpadl e Rad,i gh@hsag%_@séb%péﬁ%m,w'.t h small 20

par t1 cles M&hABL8-01 Nl ARG 0L Lf OfB R BRal Seth/t WeThacPl ELALAPRY [ rOM
0.1to 0.5 mwg‘%ﬁrtlcgﬁg refaerab%/]_fro%ﬁ. Y& 0. ur’rl5 %,ncfa_t east one
graft pol ybi=Hi&H AF & Hoh PreBAr T 1% Ofi 2ePo ¥ty BuRHEAX WA HPaPEe
particl es RFPRHLERGy @xade Ruthnetdylere fepideQusing Bnikimtopr pteales from 0.5
to 4.0 AP BR&viay thydubayl yoprgfse nabl gtiylemio. UnsatBrdd imn . aERampdead ofi t h one
anot her. Ablicihaiafieinees afitk CRicirAbed SidTivhengathfwdss acapbesppnding to the
prior art gays bgaused, P womalusgr@fgtwp@%yp'@s Ssh%'sds@f, m xed with one
anot her i “u$ %%or %59 SMC }ﬁqgstégﬁ]t&t _%I (ﬁg_ 1,?f_ content of the resulting
p [

graft polyo aving a’ bl nodal particle’size Siribution consists of a
volunme fraction of from5 to 45% preferably from10 to 40% particularly
pref er aBPyDYFiE thet fregogadicadnaplypeiridadion, abke aracromgre dreacilison of
from 95 t oidSShpqyaekdr abty fheonEPO1$0216@¥ai85 Phlid imsvatkyipreder ably from
85 to 65% f&fmdtdlc@e opabl bk @pollffery GIHIFR hEAEtA QS yeMRBENEnd G 100% As
descri bed E)é'if'ytell@:r 1%99¥F11e7ﬁfe580bf5@!,' %FEDﬁQtas SRS Reablyol %?15 th@an 5%
by vol ums)il(l)te f%%létl %Igs 19{ uc)t her. si zes l.ch are np(r)Pt |nat e_defined ranges
may beaﬁr esent aon theSgtarty (rig BPa¥s P PaTRSLR iRNasRe 2RAVEIPRIEEFt 40

pol yol Pt Hefit2 % PRrE_F P iFe dPPngr tHe REYGLt PATHES IeSak Thef aReiny &fge and
smal | partths aracgomehe resufualdy gremMtl toollpdl bwhwedghdrn ebaeed gredhey t he

| i ght scattetdingretghbodf nehe mohomeverdsap, fas tratpapadadboneof rtHehe

descri pti ogr£ft teayseyel graft 45 polyols. PF 53350 12 The graft polyols
to be m xed according to the invention may contain the sanme carrier

polyolsgu also differ ir}the' arrier | yol s (OH nunber, ethylene
oxi del pP ﬁ?ﬂﬁé’%mgamw& ok GER b OO L BPRSTHEY | BASP  15-5°€8Ht ent of
pri mary OHFQrfuSPRINSLEINGAsy Agegras 13 folipgrs i ¥iedt Ther BRe a0 ther
pol yol s, thenctfipanpligthesmvicgerahdrs hare cescpibpgdrin edecpatdrtest abl i shed
In a US 4 689 354, EP 0 365 586, EP 0 510 533 and EP 0 640 633,
EP 008 444 and EP 0731 118 Bl. By chain transfer of the growing
35 radical, the moderators reduce the molecular weight of the
copolymers forming, with the result that the crosslinking between
the polymer molecules is reduced, which influences the viscosity
and the dispersion stability as well as the filterability of the
graft polyols. The amount of moderators is usually from 0.5 to
40 25% by weight, based on the total weight of the monomers used for
the preparation of the graft polyol. Moderators usually used for
the preparation of graft polyols are alcchol, such as l-butanol,
2-butancl, isopropanol, ethanol and methanol, cyclohexane,
toluenes, mercaptans, such as ethanethiol, l-heptanethiol,
45 2-octanethiol, l-dodecanethiocl, thiophenol, 2-ethylhexyl



Specific mgpinegzsghe ratio of the nononers acrylonitrile to styrene in the
solids 10 of the graft polyols to be m xed may be the sanme but is
preferably froml1l : 1to 1 : 3; however, it may also differ. The solids
content of the graft polyol resultinqpnromthe m xing process is from5 to
65% by weight, it being possible for is 15 solids content to conprise
equal  ampuiti®wdrcaleter dinthidpthieglycolpke apdfavedehpsyl meyrdsetanxeand The
sol i ds corgmit evhegradpoupdlsy oherpis ldalkesuhad ad- fheorroyhexpestogarnage rati o of
t he nononers wused, preferably styrene, acrylonitrile and the macroners, to

the f1 nal '%%’?‘?“8%’? o B AR as M Ko R ol a:i sigbly 20 for

t ot al a':lisg% fomﬁg r%ﬁ amé’l Fm%a% %‘ ?5‘8 PAFE S hgl F‘l”(‘ﬁ B sel ect ed

accordi ng rr [ d e sitHES -8R olids contents,
ReFoige 6%13%%&1‘9%1 B%??’@ﬂ’lﬁéFPP esitrgd-h EIY%

can be 25 reyaayft-@drethybhargnebter coagds-buthé permimedaltegreétt4hoitydl s are

prepared perceddeshhodtsd, peotessesl pgardbhzpatyolteritavitgl sterldropanate) es

and ED?OWMt—%ﬁzglCﬂ)@rfdoiﬁtyghﬁér'tﬁ&'-ﬁﬂtfﬁ d¥R -Qpﬁé@t%{l fya‘ﬁzs%@'e by

seni ba 0 r seflies en u
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The nean héd 2of= the anount of the

i T out Ftn PREPR LRSS h 2 by #RbdTd

initially Ci%i‘l(—’éﬁﬂfﬁé%‘éml.trs&@h ot & ‘t-a3ebPysisobuisirgiri ¢ r his e 3@ cl e si zes

of from O0.dimetthyQ. 7, 2 -BobGsasobyptneales having | arge particles and a

narr ow, m@rmdabbleaz-tﬂeﬂh@mhzﬁr&ila.trrlilel;lti(mmc;aranlate pr epar ed by Vari ous

processgs.; Graf tzoBQé V?iér&%ﬁbﬁgnécMJnQ‘é’rlﬂQPO usgﬁﬁ.% ds'f%

di strlbutlon an L glca(dzﬁ ﬁ g £d ée oSl % process
if, in contrast fL gt%n oce Or & He SO YR i?)ove f oF %‘f’t ﬁli Fs having
smal | par tiHtd@ toEHptt 1ﬁaé'lllyy TR D tatPohirby e iighite | ‘P‘F%F‘ t%k &A% n t he

initially trotiedn wedakt | of thiex moremerE usiedt fee Yie aaeppeetpol yfl thad nmacr oner
and furt herateapbilpol 45 conponents, for exanple noderators. As a result,
fewer pggticles PF 53350 13 which growto |arge particles in the further

course of dfigg kEaEhS Qb qOHUEt@et hti.u RORSRITY Gna9EAL L, DA I3 BaYing a

narrow, no ggltlg rtlc 1S t|on a arg tI|E}lart|c es can be
prepared i ealsem \&sjif pr(‘fce]spgeb’iia W?ﬁjﬁ 1P 3k 'S eact i on

mi xt ur e Weth@nc%# r9r@f tpBPixsls t%&cPSHé?‘lbéchPrd”@PaP’t‘tp"tﬂ V™40 Hy
smal | partimd°€sanddum tea2fober nrafedakdpoeadtcliom copdit st fioyuthen, as
descri bpsl gréparariahoyve,ghafespoDpsld Glres tgnpadaxghrk® bd £hem redf itaatmsttze in

the courseofy Lhesserd et GhohegbhdsPheribeprdifite RQY Y6l piised in the
initially taken reaction mxture and having snmall particles and a narrow,

nononodal (f-Partl cl ggs ze d| stri bution advanta eousl has a solids content

of from 2 SGRESPIHRS S'A) CaRTRBNY SERPS Wi HI% SpaFye 15
contri but é"setr‘ﬁ}reé PARINS. ata%oatlwmtfeerﬂ £Re %b?qftﬁéfg@onﬁéhltrftﬁ ke le
resul ti3Q gpszfadepol yobulwyiregetargangaloop| esacne sa hagingvwontimnonsdal
particle sfex@ dndtdidehdrae, dheineaithwiket PLod@yed®y meldesl dfn at Batch
initially taked,rgagti %mttgﬁeréa%tqﬁef erably from 1.0 to 10.0,
particularly preferably from3.0 8.0, % by
In the semibatch process, only a part of the raw materials, the
35 initially taken reaction mixture, is initially taken in the
reactor. The remaining raw materials are transferred to the
reactor in one or more metered streams during the reaction. For
safety reasons, the initiator and the monomers should not be
present in one metered stream. By means of the semibatch
40 procedure, the course of the reaction, such as the removal of the
heat of reaction and the particle formation, can be better
controlled. In the preparation of graft polyols in the semibatch
process, the remaining raw materials are usually metered into the
reactor in the course of from 60 to 300 minutes, followed by a
45 postreaction time of from 5 to 45 minutes.



20 wei ght 355595 on the total weight of the ethylenically unsaturated
nonomnmer s use and is only so large that no further small particles having
a narrow nononodal particle size distribution are forned in the further
course of the reaction. 25 A further process for the preparation of the
novel graft polyols having a substardd ally separated bi nodal particle size
di st ri but imitdrs theseynidedsdls ,ptheessndeherafn pdieydla kilsbl yadakarougracti on

m Xture copfmidts warremﬁhm%ee@é ixeaaﬁcqanehea;sfd&rrueelMeluhéme macr omer
and one gr&fimpQli ¥ n%P@au&% Ik Yandd PALH Ol Fsﬁéﬁ?rgérs ution, more

t han 3, preferal era rmrethan35 %

tlcuf re
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35 particularly preferably from 85 to 65%, of large particles, the
volume fractions summing to 100%. As described further above,
here too small amounts (preferably less than 5% by volume) of
particles of other sizes which are not in the defined ranges may
be present in the starting graft polyols and in the novel graft

40 polyol without adversely affecting the result.

The peaks of the large and small particles of the resulting graft

polyocl which are measured by the light scattering method may not

overlap, as mentioned above in the description of the novel graft
45 polyols.
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EP 221412. The mean particle size can be established by means of
the amount of the initially taken macromer. Such graft polyols
usually have particle sizes of from 0.05 to 0.7 um.

35
Graft polyols having large particles and a narrow, monomocdal
particle size distribution can be prepared by various processes.

Graft polyols having a narrow, monomodal particle size

40 distribution and large particles can be prepared by the semibatch
process if, in contrast to the procedure described above for
graft polyols having small particles, substantially less macromer
is initially taken in the initially taken reaction mixture, a
mixture of carrier polyol and macromer and further reaction

45 components, for example moderators. As a result, fewer particles
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35 distribution. Particularly good results are obtained if the
solids content of the resulting graft polycl consists of more
than 6.8% by weight of the solids content of the graft polyol in
the initially taken reaction mixture. The upper limit of the
solids content resulting from the graft polyol used in the

40 initially taken reaction mixture is preferably 20% by weight.

The weight of the macromer used in the initially taken reaction

mixture is from 1 to 30, advantageously at least 2, but

preferably from 3 to 15, % by weight, based on the total weight
45 of the ethylenically unsaturated monomers used; however, it is so
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40 45% is achieved.

The novel graft polyocls have better flow behavior under high
shear load. Consequently, the filtration rate during purification
of the graft polyocls after production increases or a smaller

45 filter area is required for the same throughputs.
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35 Suitable organic polyisocyanates (a) for the preparation of the
novel polyurethanes are the aliphatic, cycloaliphatic,
araliphatic and preferably aromatic polyfunctional isocyanates
known per se.

40 Specific examples are alkylene diisocyanates having 4 to 12
carbon atoms in the alkylene radical, such as dodecane
1,12-diisocyanate, 2-ethyltetramethylene 1,4-diisocyanate,
2-methylpentamethylene 1,5-diisocyanate, tetramethylene
1,4-diisocyanate and preferably hexamethylene 1,6-diisocyanate;

45 cycloaliphatic diisocyanates, such as cyclohexane 1,3~ and
1,4-diisocyanate and any desired mixtures of these isomers,
i-isocyanato-3,3,5-trimethyl-5-isocyanatomethylcyclohexane
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carbon at oasd 2.2d.-detihgtwmategl, ypolypHs3-lpodpeeedlane polPismrymmadies),, o-,
m  and p- dinbyeir@sy o454aCysd Bheanane di of hyl ene gl a#apl2, 2dL gk oaydeiRtekycol
and Pfe&6f9$63’oi&pﬁeh?iﬁﬁ%%HéUhylén@ 55??%3%@ Qh éggj(crude MDI) and

bi s(2- hydro et Q_}é_.l )O? gwlnong %y ?1 Jt 4- h nd

1,3,5-tri hy oﬁr aeh pR™ 35% ]ﬁe FP‘F%?%‘?%&I gr?\ ng eaﬁ’%qawd‘ﬁol am ne,
gl ycerol & H’t"‘m RYEBPDFIIFARE, Camrke IWRdmbratyidiHaligi ght in the form

hydr oxyl - cohttdisiimgipbiyes kyl ene oxi des based on et hyl ene oxi de and/ or
1, 2-propyl ene oxide and the abovenentioned diols and/or triols are

sui t abl ¢sagoi Iédeamﬁsécfm{a%ul fsxthfe£tH Qi xéwﬁ&aneraﬁéééyﬁmeagents

Chey ar e ClsdliErOm: BEreg! 3 diBheh ﬁ&&h%p’@ra¥19&@ BOaRE! LU WRRCS.
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general ly & ’TDrIoﬁFﬁoPﬁﬁeé‘tall?&Meus%%er?ilé‘ttP;Vean‘&if rﬂ@ﬂ%ﬂ!"ﬁ%‘i@?ﬁat ed and/ or
per f | uori ndtssbcyepdrocasdrars wanhbat ubsdbtadObl bwiveigigents (e). However,

t he use205dDphdridwetiahstBCedlilisogyfdtey arespat€ic ae yhpse beeablgonpl et el y
di sconti nugged Oor ecol ogi cal reasons. In addition to chlorofl uoro-
hydrocarbons (CFHC) and fl uorohydrocar bons (FHC), in particular aliphatic

and/ or cyc| oaI h tic d{ art i.cul ar ent ane and

eycl opent aheoaishtlye, apdcE e bl T B tidiay 4Sondinatie 3 Bockr st
alternati v‘éh%ﬁlb\ﬂfﬁgoh‘géh@%d bvhé§émbﬁ§/]s|%‘|0tbpbm?%g3r9é’@éﬁt digrand/fal | y
added t @5t pelyiclopylknebeporeams adkot heedy Sxamplesionsy ati- ghdyoran al so be
added i n tpelyisReyanates CBTAiaAhgOéstdyr, areapbbnatdton a0fioprétatdie pol yol
conponent @beédl%nh&@cymjﬁanu%‘a@o“@fﬁtdl-E%YaH@yo@hﬁr%tBﬁnHS&Poxh%let her

wi th hi ghlg féLchl @ﬁ%ggbf? @ﬁr;g‘/gg pgrglourorl n tée}g Q_ye a%(igrgﬁ&ﬁatlg the form

of an enul s onent rru d used, are

usual Iy op?b&%ﬁyenaﬁ?%%%&a%ggh%%ﬁme QEBF%QE i"éﬁg
f | uor oaPRafentertisc Qif s LHM ALY t@s 181 dergfreiabd Yahtiomalle t® RRuok | ti’bé wedghtent of
from about basdd BOYhbytowalyineigBuehdjprlethydinethare 30, Sutifiicpepanatarel | known
from pl ast n6@i £iIMbst F¥act Wn e xaEPLLamfiE AiQB51&1 nolBR@1aFDWELgIY bl owi ng
agent or b&g 49 298k, r@ﬁlq{yqeuéegwéoﬂg Ofkkal Ry Fehe RAGESLEDLYT roNT 015, %
by wei ght yoxyalrﬁy?gge glaceol%nhgv1m§ Or&oalec\’\?[ 9 e:.g}h@%cgrtrpg e@é Ss 000,
35 in particular up to 1 500, modified diphenylmethane 4,4'- and
2,4’=diisocyanate mixtures or modified crude MDI or tolylene 2,4-
or 2,6-diisocyanate. The di- and polyoxyalkylene glycols may be
used individually or as mixtures, examples being diethylene
glycol, dipropylene glycol, polyoxyethylene, polyoxypropylene and
40 polyoxypropylenepolyoxyethylene glycols or the corresponding
triols and/or tetrols. Also suitable are NCO-containing
prepolymers having NCO contents of from 25 to 3.5, preferably
from 21 to 14, % by weight, based on the total weight, prepared
from the polyesterpolyols and/or preferably polyetherpolyols
45 described below and diphenylmethane 4,4‘-diisocyanate, mixtures
of diphenylmethane 2,4’'- and 4,4’'-diisocyanate, tolylene 2,4-
and/or 2,6-diisocyanates or crude MDI. Liquid polyisocyanates



(b) to (d)pr35338pis furthernore possible and customary to add water in an
ampunt of fromO0.5 to 15, preferably from1l to 5 %by weight, based on

the total weight of the conponents (b) to (f), as a blow ng agent to the
pol yol conponent. The addition of water can 40 be effected in conbination
with the use of the other blow ng ag‘é’nts described. In the context of the
present i reaEieangwaeerodismidef gralns andédr ispdyeeubhoei ningegentd. 45 PF
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am nes, such as triet hyl am ne, 15 tributyl am ne, di nmethyl benzyl am ne,
N—nEthyI- ,NOO-eoinyhinimng pridpoyghehe st iwhr phél adeantageously formed from

N, N, N, N -1 &%E@E'ﬂ&he&b}‘dt@nQGbéﬁM@ces Na . § £ N sd1§lnanst hyldut anedi ami ne,

NN ‘fﬁ*%mgﬁwylbﬁ gha/aey ?Q?déﬁdﬁﬁefﬁéﬁ% : M"Ebﬁ&v%e‘n%” am ne.

di net hyl pi pé"rpaz g gf) rf’e/c?lrrré?hg? §A9%F palr ;XI%T%’f% @Foct ane and

pr ef er abl ynod 49& 8%%1%‘?%8/61069’252‘3323%@&% and ami noal kanol compounds, such
t th | t | N- net hyl - d

EIil-set Llyfdi g{]rﬁaghggbneiéﬁg{g;gg%&mmﬂne@oI(amn:&cyrai,e%nhsbv§ wrdahklseqcat al ysts

are trigg CH&Jdﬂﬁllﬁa" poatte livenbesd, 1Y eqhitadi AfRnekNcBRbddfiY k)

tris(N, N-di y h i traalk n|um
hydr oxi des ? hgg}&%ﬂ %?réeh%sh ?aén]!igf:m% )ué%q&%}%rf)%c %naszgﬁa?m éyc{dae hydr oxi de,
such as SOdI um hydr oxi de, and al kali met aI al cohol ates, such as sodi um 30
met hyl at e GRTPOYBHESBAGHIY SEpLepyt v IaaativkNdnegeal atems A16f | ong- chai n
fatty aci dyrimavidy 9@itabl20 forr blois ghuapesandlhaode hagdugr2dfurt ishdeigy oups.
From 0. 99 loft Grom RntPas f igrelfarablpnirdh Q5tb03 2,arfd Ry wWebsdde rasedign the
vei ght of JdigneOBRORRSE SdtPko 00dd) prafecaba) yﬁtonprsoaa{éﬂwoocoggéna“ on

are prefer Ie)é g?%dgs'se T@ﬁqH#&Ieo Ylf urtpe ure stanpis a(?e Qr additives

(f) are in or.a eactl oi mx ratlon of the
novel pol ﬁﬂ“@’f’ GHgss B(sar?plré%eafléo"fl%?rréﬁr i RrefGenPdy TEAmA8 toerQ:

fillers, dyes, pignments and hydrol ysis stabilizers 40 and funglstatlc and
bacteri mttlatei podubtharmayoclSunsead| i fthameproaianty (agents wreparfedr bgxanpl e,
tricresyl xipw@sphatessdd, To2- RAMSREHYY bhiHHOS Prallyert bh&{ & Ghlk@r opr opyl )
alkali metal hydroxides, e.g. sodium hydroxide or potassium
hydroxide, or alkali metal alcoholates, e.g. sodium methylate,
sodium ethylate, potassium ethylate or potassium isopropylate, as
35 catalyst and with the addition of at least one initiator which
contains from 2 to 8, preferably 2 or 3, reactive hydrogen atoms
per molecule, or by caticnic polymerization with Lewis acids,
such as antimony pentachloride, boron fluoride etherate, etc., or
bleaching earth as catalysts or by double metal cyanide catalysis
40 from one or more alkylene oxides having 2 to 4 carbon atoms in
the alkylene radical. For special intended uses, monofunctional
initiators may also be incorporated into the polyether structure.

Suitable alkylene oxides are, for example, tetrahydrofuran,
45 1,3-propylene oxide, 1,2- and 2,3-butylene oxide, styrene oxide
and preferably ethylene oxide and 1,2-propylene oxide. The
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pol yet her %ﬁ%lf?f Pi §| hyl ene oxi de and propyl ene oxide has been
grafted. The surface-active substances are usually used in anobunts of from
0.01 to 5 Dee tlyethergblyolrmsedebardtly palysxBdrdyylemeghblpdld fend
conponensspé blodypriobyleltpd Biokyet By Dad igtlllyalis| ehdfedlCirdgctidhLrity ak¢ O
be understﬁpéifelaaw}ea@k&g ihe @onys%am@ﬂg&gmﬁ AR, Bnog r}ﬁ&lefauhh%rs
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for exanpleethdemesglyeatediaveyehmabecr yeighe, obaimpanat Rheut horidl. endes,
anphi boBes, chrysotile and talc, netal oxides, such as kaolin, alum nas,
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i norgani c such as cadm um sul fide and zinc sul fide, and gl ass,
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23 Dbari um sulfate and alum numsijlicate, and natural and synt hetic
In addition to the polyetherpolyols described, for example,

35 polyetherpolyamines and/or further polyols selected from the
group consisting of the polyesterpolyols, pelythioetherpolyols,
polyesteramides, hydroxyl-containing polyacetals and
hydroxyl-containing aliphatic polycarbonates or mixtures of at
least two of said polycls may also be used. The hydroxyl number

40 of the polyhydroxy compounds is as a rule from 20 to 80,
preferably from 28 to 70.

Suitable polyesterpolyols can be prepared, for example, from
organic dicarboxylic acids of 2 to 12 carbon atoms, preferably

45 aliphatic dicarboxylic acids of 4 tc & carbon atoms, polyhydric
alcohols, preferably diols, of 2 to 12, preferably 2 to 6, carbon
atoms, by conventional processes. Usually, the organic



fibrous mpgergsgsgsuch as wollastonite, nmetal fibers and in particular
glass fibers of different |lengths, which, if required, nay have been
sized, are preferably used. Exanples of suitable 5 organic fillers are
carbon, rosin, cyclopentadi enyl resi ]29 and graft polyners and cell ul ose
fibers, polyam de, polyacrylo- nitril pol yur et hane and pol yester fibers
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35 The compounds of compeonent (¢) can be used individually or in the

form of mixtures.

The polyurethanes can be prepared with or without the use of
chain extenders and/or crosslinking agents. Chain extenders

40 and/or crosslinking agents used are diols and/or tricls having
molecular weights of less than 400, preferably from 60 toc 300.
For example, aliphatic, cycloaliphatic and/or araliphatic diols
of 2 to 14, preferably 4 to 10, carbon atoms, e.g. ethylene
glycol, 1,3-propanediol, 1,10-decanediecl, o-, m- and p-dihydroxy-

45 cyclohexane, diethylene glycol, dipropylene glycol and preferably
1,4-butanediol, 1,6-hexanediol and bis(2-hydroxyethyl)hydro-
quinone, triols, such as 1,2,4- and 1,3,5-trihydroxycyclohexane,
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content of from about 5 to 30% by weight. Such products are
30 sufficiently well known from plastics chemistry, for example
EP-A-0351614. The amount of blowing agent or blowing agent
mixture used is from 1 to 25, preferably from 1 to 15, % by
weight, based in each case on the total weight of the components
{b) to (d).
35
It is furthermore possible and customary to add water in an
amount of from 0.5 to 15, preferably from 1 to 5, % by weight,
based on the total weight of the components (b) to (f), as a
blowing agent to the polyol component. The addition of water can
40 be effected in combination with the use of the other blowing
agents described.

In the context of the present invention, water is preferably used
as the blowing agent.
45
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long-chain fatty acids having 10 to 20 carbon atoms and, if
required, OH side groups. From 0.001 to %5, in particular from
0.05 to 2, % by weight, based on the weight of the components (b)
to (f), of catalyst or catalyst combination are preferably used.
35
If required, further assistants and/or additives (f) are
incorporated into the reaction mixture for the preparation of the
novel polyurethanes. Examples are flameproofing agents,
stabilizers, fillers, dyes, pigments and hydrelysis stabilizers
40 and fungistatic and bacteriostatic substances.

Suitable flameprocfing agents are, for example, tricresyl
phosphate, tris(2-chloroethyl) phosphate, tris(2-chloropropyl)
phosphate, tetrakis(2-chloroethyl) ethylene diphosphate, dimethyl
45 methanephosphonate, diethyl diethanolaminomethylphosphonate and
commercial halogen-containing and halogen-free flameproofing
agents. In addition to the abovementioned halogen-substituted
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esters, Turkey red oil and peanut oil, and cell regulators, such
as paraffins, fatty alcohols and dimethylpolysiloxanes. The
30 predominantly used stabilizers are organcpeolysiloxanes which are
water-soluble. These are polydimethylsiloxane radicals onto which
a polyether chain comprising ethylene oxide and propylene oxide
has been grafted. The surface-active substances are usually used
in amounts of from 0.01 to 5 parts by weight, based on 100 parts
35 by weight of the components (b) to (f).

Fillers, in particular reinforcing fillers, are to be understood
as meaning the conventional organic and inorganic fillers,
reinforcing agents, weighting agents, agents for improving the

40 abrasion behavior in surface coatings, coating materials, etc.,
which are known per se. Specific examples are inorganic fillers,
such as silicate minerals, for example sheet silicates, such as
antigorite, serpentine, hornblendes, amphiboles, chrysotile and
talc, metal oxides, such as kaolin, aluminas, titanium oxides and

45 iron oxides, metal salts, such as chalk, barite and inorganic
pigments, such as cadmium sulfide and zinc sulfide, and glass,
etc. Kacolin (china clay), aluminum silicate and coprecipitates of
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In the novel process, polyurethane foams are advantageously
35 prepared by the one-shot method, for example with the aid of the
high-pressure or low-pressure technique, in open or closed molds,
for example metallic molds. The continuous application of the
reaction mixture to suitable belts or the batchwise introduction
into open block molds for the production of slabstock foams is
40 also customary.

It has proven particularly advantageous, especially in the case
of molded foams, to employ the two-component method and to
combine the components (b) to (f) to give a polyol component,
45 often also referred to as component A, and to use the organic
and/or modified organic polyisocyanates (a), particularly
preferably an NCO prepolymer or mixtures of this prepolymer and
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noderator, waS inirtially taken in at |least two netering containers. In
sonme synt heses only a part of the macromer was initially taken in the
reactor and the remaini ng amount was netered into the reactor during the
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nononer s ot her vol ati conpounds at 1350 under reduced pressure (<
0.1 nbar). The end product was finally stabilized with antioxidants. 35 40
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pressure, into the closed mold or, in the case of a continuous
workstation, applied to a belt which receives the reaction
15 material. The mixing can be carried out mechanically by means of
a stirrer, by means of a spiral stirrer or by high-pressure
mixing in a nozzle. The mold temperature is expediently from 20
to 110°C, preferably from 30 to 60°C, in particular from 35 to
55°C.
20
The polyurethane foams prepared by the novel process
advantageously have a density of from 10 to 150, preferably from
40 to 60, kg/m3 in the case of foam molding and preferably from 14
to 100, in particular from 20 to 80, kg/m3 in the case of
25 slabstock foam production. The compressive strengths are then
from 1 to 20, preferably from 1.5 to 12, kPa.

The examples which follow illustrate the present invention
without restricting it.

30
Examples:

Raw materials

35 For the preparation of the graft polyols and of the graft polyol
mixtures, the following raw materials were used:

Polyol 1: polyether alcohol based on glycerol,
monoethylene glycocl, propylene oxide and
40 ethylene oxide, hydroxyl number: 48 mg KOH/g,
viscosity at 25°C: 540 mPa.s, suitable for
conventional slabstock foam

Polyol 2: polyether alcohol based on glycerol, propylene
45 oxide and ethylene oxide, hydroxyl number:
35 mg KOH/g, viscosity at 25°C: 850 mPa.s,
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polyether alcohol based on glycerol, propylene
oxide and ethylene oxide; EO content 73% by
weight, hydroxyl number: 42 mg KOH/g, viscosity
at 25°C: 950 mPa.s, cell opener polyol

Wako® Vv-601, dimethyl 2,2’'-azobisisobutylate,
Wako Chemicals GmbH

vazo® 67, 2,2'-azobis(2-methylbutyronitrile),
Du Pont de Nemours GmbH

Trigonox® 121, tert-amyl peroxy-2-ethyl-
hexancate, Akzo Nobel Chemicals

monofumarate ester, in which the second acid
group has been reacted with propyvlene oxide, of
a polyether alcohol based on trimethylenepropane
and propylene oxide; hydroxyl number;

19 mg KOH/g

monofumarate ester, in which the second acid
group has been reacted with propylene oxide, of
a polyether alcohol based on glycercl, propylene
oxide, ethylene oxide; hydroxyl number:

22 mg KOH/g

3-isopropenyl-a,a-dimethylbenzyl isocyanate
{TMI) adduct of a polyether alcohol based on
sorbitol, propylene oxide and ethylene oxide,
hydroxyl number: 16 mg KOH/g

styrene, stabilized with 4-tert-butylpyro-
catechol (TBC), BASF AG

acrylonitril, stabilized with monomethyl ether
hydroquinon {(MEHQ), BASF AG

Synthesis of the fumarate macromer (macromers 1 and 2)

Calcium naphthenate (0.5% by weight, based on base polyol) and

maleic anhydride (0.8 mol per mole of base polyol) were added to
the base polyol having a water content of < 0.02% by weight. The
reaction mixture was heated to 125°C under a nitrogen atmosphere
and with stirring. During the subsequent two-hour reaction time,
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26
the monoester of maleic acid with the base polyol formed. After
the reaction mixture had been heated to 143°C, an excess of
propylene oxide (4.4-fold, based on the molar amount of maleic
anhydride) was added and the reaction mixture was allowed to

5 react for a further 8 hours. At the end of the reaction period,
the excess of propylene oxide was removed under reduced pressure
and the product was cooled to 25°C and stabilized with
antioxidants.

10 Synthesis of the TMI macromer (macromer 3)

Dibutyltin dilaurate as an esterification catalyst and
3-isopropenyl-a,a-dimethylbenzyl isocyanate (TMI) (0.8 mol per
mole of base polyol) were added to the base polyol having a water

15 content of < 0.02% by weight at 80°C with stirring. The mixture
was stirred for a further hour at 80°C. Thereafter, phosphoric
acid was added for deactivating the catalyst and the product was
cooled to 25°C and stabilized with antioxidants.

20 Determination of the viscosity

The viscosity of the polyols was determined at 25°C by means of a
Rheotec RC 20 rotational viscometer using the spindle CC 25 DIN
(spindle diameter: 12.5 mm, internal diameter of measuring

25 cylinder: 13.56 mm) at a shear rate of 50 1l/s.

Determination of the solids content

The solids content of the graft polyols and graft polyol mixtures

30 was determined gravimetrically. For this purpose, about 2 g of
graft polyol were finely dispersed with about 80 g of isopropanol
in a centrifuge tube. The solid was then separated off in a
Ssorvall RC 26 Plus high speed centrifuge at 20 000 rpm
{44 670 g). After the liquid phase present above the solid had

35 been decanted, the solid was redispersed twice more in
isopropancl, followed by centrifuging and separating off the
liquid phase. After the solid had been dried at 80°C and < 1 mbar
for at least two hours in a vacuum drying oven, the percentage
solids content was calculated from the mass of the solid

40 separated off and the mass of the graft polyol used.

Example 1: Synthesis of graft polyol having a broad
particle size distribution

45 For the preparation of graft polycl 1 (GP 1) by the continucus
process under pressure, a 300 ml stirred reactor with continuous
inflow and discharge was used. The reactor was completely filled
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PF 53350 32 Table 2: Gaft poiyol mxtures (G having a binodal particle
size distribution prepared fromgraft 7poI yol s having a nononodal particle
size distribution 5 10 1s 20 25 30 382740 Experinmental Name of the Small
particl es Yy@oparti ¢1¥s WirdEoBPiyek drioss ik trraskidingr ey mflsfs isobgbbre\ of
pol yol B (tiRa.stprt%ebytiveeirgatc)(oh byndwiaghhatdd Hal@04§ROh&M2Pol yol A = GP
520803610 temperature of 133°C with thorough stirring. The reaction mixture

was provided in two metering containers and was pumped at the
5 stated metering rates intc the reactor by means of a static

in-line mixer via an orifice in the bottom of the reactor.

Metering stream 1 metering rate: 14.54 g/min
Acryleonitrile 449.96 g

10 Styrene 900.05 g
Isopropanol 202.50 g
Metering stream 2 metering rate: 15.46 g/min
Polyol 2 l 578.45 g

15 Macromer 2 60.75 g
Initiator 2 10.80 g

At the same time, the crude graft polyol was removed at the top
of the reactor via a controllable, spring-loaded pressure control

20 valve. In the initial phase, the product obtained was discarded.
The steady state is usually achieved after 10 turnovers of the
reactor content, which corresponded to about 3 000 ml. The crude
graft polyol leaving the reactor was collected in a glass flask
and then freed at 135°C under reduced pressure (< 0.1 mbar) from

25 the unconverted monomers and other volatile compounds. The end
product was finally stabilized with antioxidants. GP 1 had a
viscosity of 13 000 mPa.s at a solids content of 45.0% by weight
and had a broad particle size distribution corresponding to
figure 1.

30
Example 2: Synthesis of graft polyols having a monomodal

particle size distribution (table 1)

The preparation of the graft polyols having a monomodal particle
35 size distribution by the semibatch process was effected in a
2 liter autoclave equipped with a 2-speed stirrer, internal
cooling coils and electric heating jacket. Before the beginning
of the reaction, the reactor was filled with a mixture of carrier
polycl and macromer, flushed with nitrogen and heated to the
40 synthesis temperature of 125°C. In some syntheses, a graft polyol
was added as seed, in addition to the carrier polyol and the
macromer, to the initially taken reaction mixture. In a further
group of experiments, only a part of the macromer was initially
taken in the reactor. The remaining amcunt was transferred to the
45 reactor during the synthesis via an independent metering stream.
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cq O .--I The remaining part of the reaction mixture, consisting of further

5 carrier peolyol, initiator, the monomers and the reaction
moderator, was initially taken in two metering containers. The
synthesis of the graft polyols was effected by transferring the
raw materials from the metering containers at constant metering
rate by means of a static in-line mixer into the reactor. The

10 duration of metering for the monomer/moderator mixture was
150 minutes, while the polyol/initiator mixture was metered into
the reactor over 165 minutes. After a subsequent reaction time of
a further 10 to 30 minutes at reaction temperature, the crude
graft polyol was transferred into a glass flask via the bottom

15 discharge valve. The product was then freed from the unconverted
monomers and other volatile compounds at 135°C under reduced
pressure (< 0.1 mbar). The end product was finally stabilized
with antioxidants.

20 Example 3: Preparation of graft polyols having a bimodal
particle size distribution by mixing graft
polyols having a monomodal particle size
distribution (table 2)

25 Graft polyols having a clearly separated bimodal particle size
distribution were prepared by mixing graft polyols having a
narrow, monomodal particle size distribution and different
particle sizes. The mixing of the graft polyols was effected in a
stirred container with a Vollrath disk stirrer. However, all

30 known mixing methods (continuous or batchwise) may be used. Since
air may be introduced into the mixture by the mixing, it is
advantageous to begin the investigation of the graft polyol
mixtures only 24 hours after preparation of the mixture.

35 Graft polyol mixtures prepared from graft polyols having a
narrow, monomodal particle size distribution and virtually the
same solids content and based on the same carrier polyol are
shown in table 2, examples A-C. The dependence of the viscosity
on the mixing ratio and hence on the ratio (% by volume) of small

40 to large particles is clearly evident.

However, graft polyols having a monomodal particle size
distribution which differ in the reactivity and the viscosity of
the carrier polyel (table 2, D) were also used for the mixing. As
45 a result of the different reactivity of the carrier polyols, it
was simultaneously possible to influence the foaming behavior as
a function of the mixing ratio. In this example, the viscosity of
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the graft polyol mixture was determined by the ratioc of small to
large particles and the ratio of the carrier polyols having
different viscosities.

Example 4: Synthesis of graft polyols having a bimodal
particle size distribution (table 3)

Graft polyols having the novel, bimodal particle size
distribution were also prepared directly by the semibatch
process, the same reaction apparatus as in example 2 being used.
Before the beginning of the reaction, the reactor was filled with
a mixture of carrier polyol, macromer and a seed graft polyol,
flushed with nitrogen and heated to a synthesis temperature of
125°C. The remaining part of the reaction mixture, consisting of
further carrier polyol, initiator, the monomers and the reactor
moderator, was initially taken in at least two metering
containers. In some syntheses, only a part of the macromer was
initially taken in the reactor and the remaining amount was
metered into the reactor during the reaction via an independent
metering stream. The beginning and end of the macromer metering
are shown in table 3. The synthesis of the graft polyols was
effected by transferring the raw materials from the metering
containers at a constant metering rate into the reactor by means
of a static in-line mixer. The duration of metering for the
monomer /moderator mixture was 150 minutes, while the
pelyol/initiator mixture was metered into the reactor over

165 minutes. After a subsequent reaction time of a further

15 minutes at the reaction temperature, the crude graft polyol
was transferred into a glass flask via the bottom discharge
valve. The product was then freed from the unconverted monomers
and other volatile compounds at 135°C under reduced pressure

{< 0.1 mbar). The end product was finally stabilized with
antioxidants.
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Table 2: Graft polyol mixtures (GM) having a bimodal particle
size distribution prepared from graft polyeols having a
monomodal particle size distribution
5
Experimental Name of the Mixture of Small particles | Large particles | Viscosity
series mixture of polyol A of polyol B (mPa.s)
(% by weight) | (% by weight)

GM1 0 100 4120

GM 2 Polyol A=GP 35 20 20 3610

10 A GM 3 and 30 70 3500

GM 4 Polyol B=GP 9 40 60 3570

GM 5 50 50 3750

GM 6 100 0 4640

GM7 0 100 6300

GM 8 Polyol A=GP2 20 80 5130

15 B GMJ and 30 70 4780

GM 10 Polyol B =GP 4 40 60 5050

GM 11 50 50 5920

GM 12 100 0 11200

GM 13 0 100 6300

20 GM 14 Polyol A=GP 3 20 80 5200

C GM 15 and 30 70 5011

GM 16 Polyol B=GP 4 40 60 5150

GM 17 50 50 5680

GM 18 100 0 9310

GM 19 0 100 6300

25 GM 20 Polyol A=GP 3 20 80 4880

D GM 21 and 30 70 4558

GM 22 Polyol B = GP 4 40 60 4518

GM 23 50 50 4835

GM 24 100 0 4640
30
35
40

OO0
O a

0
0
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53350 35 CerFpaBi3s®dn of the polyol and foam properties of graft polyols
having a broad particle size distribution, nononodal particle size

-di stribution and binodal particle size distribution 5 Polyol properties
G aft polyols having a binodal particlsg si ze distribution have a | ower

viscosity at a giveRr—solids—contept—conparedwth-graft 10 polyols having a
nononodal partlclﬁ Si 4 ecdl Stl;,lhbﬂ‘: og @réd graggL polyolsggﬁavi ng a broad
particle size di s ibLtlI«OI’I ' Thg gragtgpﬂlyolg_sc\.@ 1 amd &R 19 are based on
the sane carrier c’)olyolm poly8l~p)|Fand’ [bdt kv Rave |a [sol fPYs content of 45%
by 15 wei ght. Neyetthetess—the—grafht—pohygt—GP—39havirg+a bi nodal
particle size di g&fibutipn widd ®| viesgasii tly @f 8100 |[qRai’y has a viscosity
whi ch i s about BEE/cIowerogcorr%aﬁ-@'I it TGP |1 chavi ng 42 DRdad particle size
di stribution and [&|vi dcésity 0P 1B [000 nPa. s 20 Al 96 TR [conpari son with
graft pol yol s hayifig g marrow nmonpmodat— gar ticte sifze drstri bution, graft
pol yol s having a®|nodal parigche |SZe digtridbuti orgr@% a | owner
viscosity. It isgmi mpo%tahtm - higrg the (i hidal ' pggtd Blle si ze
distribution has |~ fesdTted fromT xng of [fwo grafft [pSl'ldls having a
mononodal 25 Hartfi¢re[size distrl ultl onjoff drrectTly [aurjng t he synt hesi s.
Fig. 5 shows -t hat=1 de@:ggeaslezlu‘:‘m tBeS i lsqosk by IS depefigent on the vol ume
fraction of the { argld argé Hpt Bk es ilhgBe' ‘pariti kY size
di stribution.-gThe rinental sefiles Blajd C in 30 |tabld 2 al so clearly
show that thesvi g y decreases|tio a mini mum at| 30% py| vol ume of snal |
particles ancﬂ?O0 QI“EJ& of = & argegj;@rtlc*gs in the f@Article size
di stribution.®The eas&’ln ohe VEST 05|l tly % s at' | dast H% particularly 35
preferably frdm 30% (for exanple otn conpari sjorl of 1 wth GVM3 and
GP 7 with GP'}6) gached uB](LJ 5% of jaore in Eome cfjases (for exanple
on conpari song of End"GD SaVit TG 3B) [ TEe , nojvd|l, gr&aft pol yol s havi ng
a bi nodal pargi cl & 46 di sPr.h DUl I ha&e &' betf gr fww behavi or under
shear load. This gl—ea,r-l—y—shgw.ﬂ. onfyltration pfl the graft polyols or
of the graft¥pol '@xtu,res.hTJga taigtrgatbon experijmenis| were carried out
on the 25 t s@al e g Bgfiult%rﬁ coo{mecteé IPP parpl|hel [4|f rom Ronni ngen &
Petter (type -§F-1 @nd “hul t P 4yelR FiTEdr i nsertp. 3
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Erpaens

f the filter
n of the filterability of the graft polyols 5 10 15 G aft
pol yol GP 1GP 19 Carrier polyol Pol yol

i nse

rts is shown in table 4. PF 53350 36

2 Solids content (% by wei ght)45.045.0

‘Viscosity (mPa.s)13 0008100 Pore size of the filter (n50 x 5025 x 25

Filtration rate (t/h)< 14 GP7GP 17 Cadrier pol yol Pol yol

1 Solids content

(% by wei ght])4144 Vi scgSity (nPa.sJP9504820 Pore size of the filter (m25 x
2525 x 25 [H| tleation raIeE(t/@)SG Oning to the | ower viscosity and the
bi rodal pafi|i ¢Fe2 si ze I:ﬁisztrirbution, it was possible to purify the graft
pol yol GP 19 |through filters whichwefe 4 times finer (snaller pores) at a
20 rate whj dh (was 4 1ip;eschi gher 1 n| cemparison with graft polyol GP 1
havi ng a bfdadgart i cl @ sitzle @i striputd on (table 4). Both graft polyols
are based BN t{&el sang g:arrgerdpol yo .-EThe graft polyols GP 7 (nononodal)
and GP 17 inodal) have 25 virtually the sanme viscosity. However, the
sol i ds concntmof GP| 14 at [this viscoslty is 44% by wei ght while the graft
pol yol GRS cg@ain; anl ¥ 141%6 by wei ght of solid. As shown in table 4, in
spite of t rgher fold dfjcontent forg GP 17, filtration was possible at a
hi gher rat gmparediwith GP 7 30 Wth the sanme filter area, graft polyols
havi ng a b,n|0calo paftixcl g size disfriution have a higher filtration rate
conpar ed t hegg af t | p&@l ydljs Ravi ng| a nonodal or broad particle size
di stributiph. [Thver sely, Fowever, jts also possible to realize 35
conpar abl ep-H-Ht+ratt-opratest+nthe-rcase of graft polyols having the novel
bi nodal pa@icLeb%ig(a g st bytion \M"g'_' smaller filter areas. Exanple 5:
Processi ng nclﬁf?g{&? bropertli €3 40 Fprrul ations and test nethods (tables
5-8) Graft %‘ol?o avieng ®the novel | bisnodal particle size distribution
wer e conpafedwttofe—anotirer—and—wi th graft pol yol s having a 45 nononodal
or broad partilgle sirzeddi flrihution|irk flexible slabstock foam and
flexible dad % oam f ogr m¥ at@ons. [Th@ raw naterials used, the
fornmul ati ofis{ fior the|re&spéttive foam t§pes PF 53350 37 and the test
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.15 Tabl e %F Fﬁ?%ations and raw materials for testing unreactive graft
pol yol s i Xi bl e sl abstock foam (conventional slab foan

--Formul ation (data in parts by weight) ass foamdensity (kg/nB)3525 G aft
polyol GP/ GM (cf. tables 1-3) + polyol 1100.00100-00 Water2.904. 30
Tegostab B 4900 1)0.951.00 Lupragen R5201 2) (3 : 1)0.140.10 Lupragen N 206
3) zinc octanoate0.180.24 Lupranat T 80 4) (Index)112110 *) al so see table

9 **) al Lmpeeikah! & 1 %91}&.1 Sidd ¢ens if%aﬂtlléer of e gb14G 2)
1,4-Di aza%a%%' o2y, Hsgj%tr% st ln %@ga@@%*ﬂg') et her,

BASF AG 4) BASF 25
30 35 Tabld% O ntarﬁmﬁaoahénan‘al { Sesficie Mge égmﬂi%&i? Ve graft

pol yol s F_rn the flexible slabstock foam (high resilience slab foan
For mul at i ;aoliydat propepargss by weight)HR 1 *) HRII *)HR Il *) Gaft polyol
GP/GM (cf. tables 1-3) : polyol 2100.00 (25% or 15% solids content)

DEQAL. 301. ;f %o!t 81@9:%!%1\48 QGQ%CQHZ QQhQﬂa \Wter g6 Lot Alld on0RavdZa 50
Tegost ab 80 050 NED | 2060. 03- -

001.00 u
i e octa a‘{‘[eé‘o"ﬁﬁ%%‘é’fg FBieor 15, FRUSSHt ToTRgiTs P e
tabl e 140 E)Olmoé?hhﬂ‘é’r‘é?n%éw&gm%‘?'ﬁ%d%réﬁﬁ BusizHIqistaabu B and g??
Crossli nklmg-wgenhavmaa@@reedspmmtqheesa;fzedrﬂlf#te;rl@mclpm yal cohol s havi ng
primry CH groups hydroxyl nunber: 45 650 ng KOH/ g, viscosity at 25[1'-
1"82 Bpgzzb'lﬁ‘)e ra a'fﬁogi l%b'Gb' 7€4nd @ dschpt dbaa Bhn 53%559@@ caﬁrﬁelr) h
et her,
O?%'% | sogygﬁgt g%gdbﬁ % Eﬁﬁkjg%(é}% % ; éHKZ ! BASF

BASF AG 6)
AG 5 1013 5'eighapNgvert | 5pe o?féa ?Nll Iaglf’%r ”g reactive

graft pol yrsziichet ﬁezw@aatt;uéumlaéﬂtfhoanwscosny T 8100 Ara-s nds' S

viscosity which is about 38% lower compared with GP 1 having a
broad particle size distribution and a viscosity of 13 000 mPa.s.

20 Also in comparison with graft polyols having a narrow monomodal
particle size distribution, graft polyols having a bimodal
particle size distribution have a lower viscosity. It is
unimportant whether the bimodal particle size distribution has
resulted from mixing of two graft polyols having a monomodal

25 particle size distribution or directly during the synthesis.

Fig. 5 shows that the decrease in the viscosity is dependent on
the volume fraction of the small and large paticles in the
particle size distribution. The experimental series B and C in

30 table 2 also clearly show that the viscosity decreases to a
minimum at 30% by volume of small particles and 70% by volume of
large particles in the particle size distribution.

The decrease in the viscosity is at least 5%, particularly

35 preferably from 12 to 30% (for example on comparison of GM 1 with
GM 3 and GP 7 with GP 16) and reached up to 45% or more in some
cases (for example on comparison of GP 2 and GP 3 with GP 18).

The novel graft polyols having a bimodal particle size
40 distribution have a better flow behavior under shear load. This
was clearly shown on filtration of the graft polyols or of the
graft polyol mixtures. The filtration experiments were carried
out on the 25 t scale using 3 filters connected in parallel, from
Ronningen & Petter (type CF-1600) and multilayer filter inserts.
45 The pore size of the filter inserts is shown in table 4.



Raw materigg ssfglgga in parts by weight) FWI *)FWIIFWIII *) Pol yol
270. 462. 8364. 63 Pol yol 341.8- Graft polyol (solid 45% 20.530.630.6
DEQAO. 8-- dycerol-0.30.3 N 201-0.510.51 NAX Al -0.110.11 N 2110.3-- Dabco X
‘81540. 7-- Dabco XDMD. 2-- Tegostab B 46900. 4-- Tegostab B 8680-0.150. 15
Water2.73.13.1 | socyanate 144.4-- |sc¥yanate 2-41.141.1 *) also see table
12 25 1) Tdehdnofemparcises af 8090 Siltengbhl BguedushsoitaitopolBASF: AG 2)

1, 4-Di acabi cycl o( 2. 2. 2) octane, BASF AG 3) Catalyst, fromAir Products 4)
DmthylarW AG 3075 Catgpyst—FrpmA Wﬁ
Cat al yst, rg ' ﬂ—z-e-rﬂem-ee e

J T JTT AL Ul
hm

St abi | | zens=H-6m ol '*°c..... !socytnat—e—%-l#e coprising_2,4-
? §ﬂm @Hﬁgﬁ Ti%nfnnt; 38% by Ei‘ 10) ! | sacya Pe mixture

4,4 -
corrprl SI nc i ARMV wei 8t 40 45 PF
53350 39 ?%ISEEQ the flter (b)) assessinglthe f%’?ﬁ%q behhvi or _&p#2Phe f oam

qual ity 5 |fotatnsge f#h)30 35 40 45 Test val ue€dndi ti onDi mensi oASt andar d| Cel |

openi ng behavi orl=very strong 2=strongRating COB3=npderate 4=slight Density
kg/ n8DI I, EN SO 845 COB Tensile strenythkPalBN7EN TS0 1798 YGPDI N EN SO

1798 Carrier polyol Polyol 1
Solids content (% by weight) 41 44
Viscosity (mPa.s) 4950 4820
Pore size of the filter (um) 25x 25 25x25
Filtration rate (t/h) 3 6
15

Owing to the lower viscosity and the bimodal particle size
distribution, it was possible to purify the graft polyol GP 19
through filters which were 4 times finer (smaller pores) at a

20 rate which was 4 times higher in comparison with graft polyol
GP 1 having a broad particle size distribution (table 4)}. Both
graft polyols are based on the same carrier polyol.

The graft polyols GP 7 (monomodal) and GP 17 (bimodal) have

25 virtually the same viscosity. However, the solids content of
GP 17 at this viscosity is 44% by weight while the graft polyol
GP 7 contains only 41% by weight of solid. As shown in table 4,
in spite of the higher sclids content for GP 17, filtration was
possible at a higher rate compared with GP 7.

30
With the same filter area, graft polyols having a bimodal
particle size distribution have a higher filtration rate compared
with graft polyols having a monomodal or broad particle size
distribution. Conversely, however, it is also possible to realize

35 comparable filtration rates in the case of graft polyols having
the novel bimodal particle size distribution with smaller filter
areas.

Example 5: Processing and foam properties

40
Formulations and test methods (tables 5-8)

Graft pelyols having the novel bimodal particle size distribution
were compared with one another and with graft polyols having a

45 monomodal or broad particle size distribution in flexible
slabstock foam and flexible molded foam formulations. The raw
materials used, the formulations for the respective foam types
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i nfl uence on the curing phase 15 and the final stability of the foans
(tables 9 and 10). The graft polyols having the novel binodal particle
size di strfbutalmp e tbklé dhned over a wi de zinc octanoate range under a
very w de *marngksdiseextabnélioccondi tions which usually require adaptations
of theghornul ation, without any tendency to shrinkage or cracking 20 being

observabl I ng i4 qgg oo, t he foam ng behavi or and
the foam S}opgsrjt r}g:s?lﬂgf E i Gggga% ere on y slightly in conparison
with GP 18%) GP 1o BifFaBifi% 1oG¥RRe m&SSEt £Fki ng 25 was the stronger

cel | openihy b‘é?ﬁd\ﬁ‘@‘rl“@fihrmlm%bﬂ)gﬁ“é?etrr BASF AG
4) Toluene diisocyanate; 80% of 2,4- and 20% of 2,6-isomer, BASF

25
Table 6: Formulations and raw materials for testing reactive
graft polyols in the flexible slabstock foam (high
resilience slab foam)

30 | Formulation (data in parts by weight) HRT* [ HRII*) | HRII®)
Graft polyol GP/GM (cf. tables 1-3) : polyol 2 100.00 {25% or 15% solids content)
DEOA !} 1.30 1.30 1.20
Lupragen VP 9600 <) 2.00 2.00 1.00
Water (total) 2.50 2.50 2.50
Tegostab B 4380 %) 1.00 1.00 1.00

35 [Tupragen N201 9 0.20 0.18 0.04
Lupragen N 206 °) 0.03 - -
zinc octanoate 0.12 0.15 0.18
Lupranat T 80 (Index) 110 110 105

40 *) also see table 11

1) Diethanolamine as an 80% aqueous sclution; BASF AG
2) Crosslinking agent, 75% aqueous mixture of different
polyalcohols having primary OH groups; hydroxyl number:
45 650 mg KOE/g, viscosity at 25[f: 480 mPa.s
3) Silicone stabilizer, Goldschmidt AG



polyols GpE83§#b19 and GM 14, GM 15 in conparison with GP 1 and GP 4,
which is probably due to the changed particle size distribution. In order
to avoid instability of the foam bl ocks at the nonent of cell opening,
‘preventive neasures were taken with %(Aor espect to the activation by
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agents are caorrected in a dowward, direction (HRI111). 40 In addition to
the good pFRI&sd *r arfFmedagiens And A nBate i als, ERr LRt ine FRACELER of &P
21 at the sane sol i dgrafdnPehyolsiim thehélexihile moided|foam possible to
reduce the solids content and/or the TDl index, which leads to a saving in
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t he m xi ngRgad—of tHe—mechrme—10—1520—2530 3540 ¢y PF{533%142—10" M
CDO000 ¢k MNaRMAT =, WsMGro o) F'p Ny fT="pNQCor ™ 011

N211 9 03 - n

Dabco X 8154 °) 07 - -

Dabco XDM %} 02 - -

Tegostab B 4690 /) 0.4 - -

Tegostab B 8680 ¥} - 0.15 0.15

20 |[Water 2.7 31 31
Isocyanate 17 44.4 - -
Isocyanate 2 - 41.1 41.1

*) also see table 12
25
1) Diethanolamine as an 80% strength agueous solution, BASF AG
2) 1,4-Diacabicyclo(2.2.2)octane, BASF AG
3} Catalyst, from Air Products
4) Dimethylaminopropylamine, BASF AG
30 5) catalyst, from Air Products
6) Catalyst, from Air Products
7) Stabilizer, from Goldschmidt
8) Stabilizer, from Goldschmidt
9) Isocyanate mixture comprising 2,4-, 4,4’-MDI and PMDI, NCO
35 content: 33% by weight
10) Isocyanate mixture comprising LupranattI T 80 and PMDI, NCO
content: 45% by weight

40

45
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Table 8: Test for assessing the foaming behavior and the foam
quality
Test value Condition Dimension | Standard
Cell opening behavior 1=very strong 2=strong Rating
COB 3=moderate  4=slight
Density kg/m3 DIN EN ISO 845
COB
Tensile strength kPa DIN EN ISO 1798
E]ongation at break % DIN EN ISO 1798
Compressive strength 40% compression kPa DIN EN ISO 3336
Compression set TO[C /22 h, 50% % DIN EN ISO 1856
COmpression
Wet compression set 22 h/5003C/70%/95% LF % ISO 1856 (-mod.)
Resilience Pendulum test % DIN 53573
Tear propagation strength N/mm DIN 53515
Indentation hardness, 40% compression N DIN EN ISO 2439, B
method B
Compressive strength kPa DIN EN ISO 3386-1/2
SAG factor - Ratio of indentation
hardness at 65% to
indentation hardness at 25%
Open cell character N Measure of the force
required for compressing an
unflexed test cushion to 65%
(3x1 compression at 65%
with test plate diameter of
200 mm)
Fogging Gravimetric method mg DIN 75201B
vOC Determination of gaseous ppm DaimlerChrysler test
and condensible emissions instructions “Analysis of the
by means of automatic emission of volatile and
thermodesorption condensable substances
from vehicle interior trim
materials by means of
thermodesorption”
No. PB VWL 709 - issue:
01.11. 2001 or VDA 278
Fogging PPmM

o3
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Tables 9-12 show the results of the foam investigations. Graft
polyols having the novel bimodal particle size distribution and
having a broad or monomodal particle size distribution in
slabstock foam and flexible molded foam formulations were

5 compared with one another.

Example 5.1: Results for slabstock foam (tables 9-11)

With the use of the graft polyols having the novel, bimodal

10 particle size distribution in comparison with graft polyols
having broad and having monomodal particle size distributions in
the formulations HLB I and HLB II, the foam properties scarcely
differed. However, an enhanced cell opening behavior was
observed, which, however, has no influence on the curing phase

15 and the final stability of the foams (tables 9 and 10). The graft
pclyecls having the novel bimodal particle size distribution can
be foamed over a wide zinc octanoate range under a very wide
range of external conditions which usually require adaptations of
the formulation, without any tendency to shrinkage or cracking

20 being observable.

In the HR slabstock foam (HR I), too, the foaming behavior and
the foam properties of GP 1 and GP 4 differed only slightly in
comparison with GP 18, GP 19 and GM 14, GM 15. What was striking

25 was the stronger cell opening behavior of the bimodal graft
polyols GP 18, GP 19 and GM 14, GM 15 in comparison with GP 1 and
GP 4, which is probably due to the changed particle size
distribution. In order to avoid instability of the foam blocks at
the moment of cell opening, preventive measures were taken with

30 respect to the activation by optimizing the formulation (ratio of
blowing catalysis to crosslinking catalysis changed, HR I was
converted into HR II). The strong cell copening has the positive
result that the effort required for flexing the foams, which
serves for subsequent and complete cell opening, can be reduced

35 and the further processing process can be facilitated. Even
better results with regard to the process parameters were
obtained if the crosslinking agents are corrected in a downward
direction (HR III).

40 In addition to the good process range, a greater hardness is
achieved in the case of GP 21 at the same solids content, with
the result that it is possible to reduce the solids content
and/or the TDI index, which leads to a saving in both cases. The
fact that the wet compression set decreases and the SAG factor

45 increases is also to be rated positively.
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Graft polyols (unreactive) having the novel bimodal particle size
distribution have improved filtration behavior. In comparison
with GP 7 (monomodal), GP 17 (bimodal) could be processed on a
liquid CO; foaming machine of the NovaFlex type without indication

5 of any significant pressure increase in the mixing head of the
machine.

10

15

20

25

30

35

40

45



op NODg,nt~0 0 0% k N

TC~,,,CL60 ca."~",0 r-b E20c

14 10 a Wi

el p~~ O po

N Wo MON-n0O

u 4l

"H CO a,

E WG OO CLC6 o~ T ~3 to UEC vi

0 PF 53350 pft 58350

Oc V

L3

"0%pipa UM Ninr-4 (.jvi

42

jybtom Aq sixed ut e3eq (s«

¢ 9T1qe3l °*Fo ‘uoTriernurol Jod («
ss @ - LI e A 0z ¢ 0s® e 0c @ 3uiB30g
98¢ @ - 8EE @ 00t @ L8Z @ 0S¢ @ 234 8cE @ D0A
€0@ - Low €09 €00 oo 0¢ AL (NI Burd8oq
¢ 4 9¢ Ly Ly 8t 14 9 0UAISY
8¢ £F - TE €€ 91 Ve o€ 198 uoissaidwiod Jap
vl 7T 0T €T ST 90 0C 0¢ )35 uorssarduo)
8L L8 86 901 ¥0T1 otr 66 16 Yeaq je uoneduolg
£6 86 6 zo1 001 €01 001 88 yi3uans afisuay,
9 £9 Y ¥'s Y v's 6'C TS yiBuays aalssaidwo)
0'1€ £0¢ 6°0¢€ T'1E 90 6'1¢ 0'1€ 0'1¢ Ansuaq
sandadoad weoy

£ 40D £ 400 £4d0D 4:(00) 1 90D

‘JO umo[q ‘J30 umo[q ‘Poumolq | ‘PO uMO[q | ‘JJO BmO[q £ 400D zd0D 7400
AySnooyy AlyZnoioy Aoresspow | AySnosoy | AySnoroy) 30 UMO[q | ‘JJ0 UmMO[q | ‘JJO UMO|G sanaadoad Supnwo g
2)e0URID0 DUIZ | JBOURIDO0 DUIZ | SJROURIIC DUIZ 90z N moynm

1N 1Z0 IN 120 LA 020 auou auou ‘I0Z N vT°0 auou uou sofueyd uoyenuIC]
(1y319m £q %)
(1] § o1 01 01 01 01 o1 01 AIMIXTW 243 JO JUIUOD SPIOS
001 001 001 001 001 001 001 001 (o T 10410d + WO/O 104]0d yyeID
ozLy ozay 088% 00SE 068 0S6¥ 066+ 0v9¥ (sedw) D, ST 1e ANS0OSIA
S8vp 0t 0'by 0'ov TSy o'ty 6'0F 6’65 | (uBrom £q %) WO/dD waoo spjos
07 dD L1dD 91dD £ND ST dD LdD 9 d9 §dO P (5 1 GTH uopemuiog

92TS oToT3xed TeEpPOWTq pu®

(I 9IH uoT3eINWIO]) WeoF YO0ISJETs 2Y3l UT UOTINCTIISTP

Tepouwocuowt ® butaey sToArod 3zexb saTjoeazun jJo Hunissl

16 9T9RL




Oy.

in 60 "00 in"t!]

C4 0% Q OO 4P4~NO

MM . .

HCO N pp kn Wt--
Co~+ a mnv?v-) N NOCh o cdo w yn~ MNN 00
,Jf+"1 ¢ n Ga v CG N

0_OM -
r-,,o Cena (.
43

Xxw NX

i n0O

te

cd[ ~i

to h0.4P4 a

-4 MN NS

kn ~O\C00 y(D

ORch O It-4r"~p MNhlcV o u U
ch

CONN Y1 1~Nt¥

3 UWP-"

.t' _

3ybtom Aq sazed uT e3ed (4«

S @Tqe3 "3o ‘uvoTieTnuwroy Iog («

- £09 b0 @ 709 L €0@ 109 €09 (N1@) 3uiBSoq
oy 9t e 14 LE 9t 12 9¢ UAfIsay
£6 o1 - o€t g€l aL 0ot 091 128 noissadutos oM

- 'y Ly 9t LE T'e ot Le 198 uorssarduwio)

- 6 58 001 86 86 88 8 feaiq je uoreduory

- 66 L6 001 L6 86 <6 6 yiduans a[isua,
I'9 oc Ls Ls s 1Y 09 79 3usns aassadwo)

(A4 1ee 0ee 0ce g1z T T rAX Aysuaq
saptadoxd wisoyg
[A:(0 0] [A:100] €400 1400 240D 140D Td0D

‘Jo umolq ‘Houmolq | ‘pgoumeolq | ‘poumo[q | ‘o umojqg € 40D ‘o umolq | ‘gJo umolq

AjySnosoyy | Ay3nosoy | LyBnoloy | AySnosoyy | AySnosoyy | ‘gyo umolq | AySnoroyy | AjySnosoy satadoxd Supneoyg
a1eOURIIO JUIZ

IW0Z°0 auou suou auou auou suou auou suou safueys uoneRINWIOY
(yBram Aq o)
01 01 01 01 01 01 01 01 QINXTW 2Y) JO JUIJUOD SPIOG
001 00T 00T 001 001 001 00T 00T (s T 10A10d + WOH/dD J0A[0d 11D
0ZLp 0Zsy 088p 00s€ 068¢ 0s6v 066 orov (s'edw) D,§Z 1@ Aus00SIA
44 0ty 0'vy 0'0r 434 0’1y 60V 66€ | (yBram £q %) WO/D uelu0d spijos
074D LI dD 91 4D £ ND S1dD Ldd) 949 §d4D WA (o 11 'TH uoyenuLIog

2zT8 971oT3xed Tepowlq pue Tepowoucu e butaey sjod1od 3jexb aarjoeazun jo Burissg

(II 91H uoT3IeTNUIOF) WeOF }D03}SCeTs dY3} UT UOTINGTIISIP

0T @T9%1




1

w._
>
"2
D)

—
o2
Oy
>

o
T o
23>

(T
| OO ©
1 (@)
4

Vl
N -
L <
| 2=
2988
nw.m )
o1 W
T+
m <0
32
an¢mw
~_,w.|

™ -
==
275
S

—

oR Tl

MM
o

—

S
b
w~uN

._|H1
> c O
unuW
B0< .

-

44

LS Tt £t (13 6'C 6T 8¢ [4Y Tt duans sarssaudwo)
S6'C 8L'T 9T £8°C 68T 0g8c 98°C 00e Lt 1008} DVS
o1¢ (Y43 SEE FARY 60t (443 60t 1334 6C¢
ove 91 9L1 6el [AY! 91 fA4} 00z 691
9LT LTI 821 (448 LOT cn 801 vl (44 { Ssauplel] uoneUspu]
LSt 6'9¢ 17'9¢ TLE T'ie SLE I'se ¥se 09€ Ansuaq
sanaadoad meog
1900
‘psnes £ 40D
Kjooreos ‘Buines
£ 0D [A:(0 0] ‘o umolg ¥'"T HOD wawiuw
0D ‘Jo T 40D ‘Buimes wy3ys Buines oapnp ‘go | ‘Tunnes apu A[y3noaoy) ‘Burnas winww ‘o umolq
umolq Ajydns f1oa | ‘go umolq A|ySncioys | vaoq £ydnooy ‘o umojq Kiaa ‘I124 01 A13u0ns Jo smolq £1ySEnosoyy sapaadoad Supmeoq
JJBOURID0 JJEOUEID0 SJeoue)do
us 91’0 - usero - us o010 - - saBueyo uonegnuLIO
II1 4H ITdH II ¥H I1'¥H I1d4H I1'4H IIT dH I4H (« UOnRINULIOY
(uStam £q %)
§T ST §T ST ST £1 ST §T sT SIMJXTUI JO JUNUSD SPI[OS
001 001 001 001 001 001 001 (xx T 10410d + WO/dD 10410d ye1n
Or¥3 00zs 0013 o108 0518 0Zv 01 000 €1 (s"equs) Do6T 18 ANsoosip
(ydram Aq ;)
ST oy 0'sy 0oF 0S¥ 0sy sy ND/dD WUIU0D SPI{Og
17 dD FIND 61 dD STIAD 814D rdo 14D Jaquinu juawiiadxy
(IIT ¥H 03 I ¥H SUOTIRTNWIOF) Weo }OO3Sqe[s STJIXSTJI Y3 UT UOTINQTIISTIP

92Ts aT0T3aed TepowTq pue Tepowouow ® HButaey syof1od 37e1b sarjoesl Jo Burissel

1T =*Tqed




.1DCenCD M i N-IM 1M, Ni, ~100t Dct 00 kn N OO tip Mb 00 rN-1IrN-i ~~~p1IN N am
NVp 1i1 N FRo®¥A5RO ~ 1nO ~ry9®00 en W p° V] MNi . -NItipOV .-l .ais
cis ¢c V co 00 EGGo700 r- PF 53350 46 Exanple 5.2: Results for nolded foam
‘‘(table 12) In conplicated shaped articles graft polyols having a novel 5
bi nodal distribution (GP 18, GP 19, G421, GM 14, GVIL5)showed better flow
behavior in conparison with graft polyol G° lhaving a broad distribution.
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of the graPF Hp3B$Ol s having a novel binpdal particle size distribution.

Onm ng to the stronger cell opening behavior the 15 cell opener polyol
polyol 3 (i.e. polyols which have a substantially increased content of

‘et hyl ene oxide groups in the polynergghain) could be reduced from4 parts
(formulation FWI) to 1.8 parts (formulation FWII) to O parts
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also observed in the case of the flexible molded foams with use
of the graft polyols having a novel bimodal particle size
distribution. Owing to the stronger cell opening behavior the

15 cell opener polyol polyol 3 (i.e. polyols which have a
substantially increased content of ethylene oxide groups in the
polymer chain) could be reduced from 4 parts (formulation FW I)
to 1.8 parts (formulation FW II) to 0 parts (formulation FW III)
in the example formulations (table 7). The foams based on graft

20 polyels having a novel bimodal particle size distribution did not
differ substantially from foams based on GP 1 in the foam
parameters. By reducing the amount of cell opener, it was
possible to achieve an increase in the hardness and a slight
improvement in the tear propagation strength (cf. GP 18, FW I,

25 FW II, FW III) (table 12). Both the foaming behavior and the foam
properties showed no significant differences between graft
polyols whose bimodal particle size distribution was obtained by
mixing of graft polyols having a monomodal distribution (GM 15)
or by synthesis (GP 18, GP 19).
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Uic PF 53®0538s59¢ claim 1. A graft polyol having a binodal particle size
distribution 5 and a total solids content of from5 to 65% by wei ght,
containing small particles having a particle dianmeter of from 0.05 to 0.7
'mand | arge particles having a particJ diameter of 0.4 to 5.0 un, the
peaks of the large and small particles nmeasured by the |ight scattering
met hod not overl apping, and 10 a total content of the solids having the
defined pdfeicdiadm:sj zes consisting of a volume fraction of from5 to 45% of
smal | particles and a voI ume fraction of from95 to 55% of |[|arge
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3, wherein the small particles have a dianmeter of fromO0.1 to 0.5 tun and

the | arge parti jagthpyeysl dambene@f id rami@ 2, téh o) douRaid® malA Oraft
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from 10 to 40% tBeaknwwhghh kFginealin parangd of ndmal vbltens .Prawtdnsh epldsf r om
90 to BO0% by ireightangt bfirfiempdr.li €bes, 0 tumespexoht® ifr @athofsse Ty ng to

100% 45 Fig. e 5.3%5@ 48atter iMgPhEERSS, ftile WBEsRFEPHAMKIsORoL! graft
pol yol s havi ngo‘gﬂkil gfpartl cle size distribution as clained in claim1,

wherein at | east one graft polyol having a nononodal particle size
distribution with small _particles which have a dianeter 5 of fromO0.05 to
0.7 pm and®at * SHATORBIYPLIAS FAFBPINHYIGTIGA 1nBhotmddichaPe?d e size
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of exclusively small or large particles, assuming that the graft
polyols to be compared do not differ in solids content and in
the starting materials.
30
4. A graft polyol as claimed in any of claims 1 to 3, wherein
the small particles have a diameter of from 0.1 to 0.5 pm and
the large particles have a diameter of from 0.5 to 4.0 um.

35 5. A graft polyol as claimed in any of claims 1 to 4, wherein
the total solids content of the graft polyol is from 10 to
50% by weight.

6. A graft polyol as claimed in any of claims 1 to 5, wherein
40 the total content of the solids having the defined particle
sizes consists of a volume fraction of from 10 to 40% by
weight of small particles and a volume fraction of from 90 to
60% by weight of large particles, these volume fractions
summing to 100%.
45
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‘the resul tprosgzsdt pol yol having a binodal particle size 10 distribution
consists of a volune fraction of from5 to 45% of small particles and a
volune fraction of from95 to 55% of |arge particles, the volune fractions
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in the resulting graft polyol consisting of the solids content of the
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11. A process for the preparation of a graft polyol having a
bimodal particle size distribution as claimed in claim 1 in a
semibatch process, wherein the initially taken reaction
mixture contains in each case at least one carrier polyol, a

35 macromer and a graft polyol having a monomodal particle size
distribution, more than 3% by weight of the solids content in
the resulting graft polyol consisting of the solids content
of the graft polyol used in the initially taken reaction
mixture and having a monomodal particle size distribution,

40 and the weight of the macromer used in the initially taken
reaction mixture is from 1 to 30% by weight, based on the
total weight of the ethylenically unsaturated monomers used,
which is at least sufficiently large that small particles are
formed in the further course of the reaction.
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_graft pol wl s4dyg and, if required, further compounds (c) having hydrogen
atons reactive toward isocyanates, in the presence of catalysts (d), if
required water and/or other blow ng agents (e) and, if required, further
‘assi stants and 25 additives (f), wher%i n the graft polyols (b) used are
those having a binodal particle si z@ distribution and a total _solids
content ofl2f.r @mPEOFes853% IHlaR@rghin ElorifMailhr g im the 2peWte®fhaving a
di aneter of f merromes te=d.ih whaninitiaddy paken ctesscthani nixturg dfefrem of
fromO0.4 to 5.0 t@ 1bheppeakyhd) Phséder ahgeamnshts wdl khpasthydlesdcatagur ed
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is a polyol having an average molecular weight of more than

2 000 g/mol and a functionality of [J2, which possesses at

least one terminal, polymerizable, ethylenically unsaturated
10 group.

14. A process as claimed in claim 13, wherein the macromer is a
polyol having an average molecular weight of more than
3 000 g/mol.
15
15. The use of a graft polyol as claimed in any of claims 1 to 6
for the preparation of polyurethanes.

16. A process for the preparation of polyurethanes by reacting
20 organic and/or modified organic polyisocyanates (a) with
graft polyols (b) and, if required, further compounds (c)
having hydrogen atoms reactive toward isocyanates, in the
presence of catalysts (d), if required water and/or other
blowing agents (e) and, if reguired, further assistants and
25 additives (f), wherein the graft polyols (b) used are those
having a bimodal particle size distribution and a total
solids content of from 5 to 65% by weight, containing small
particles having a diameter of from 0.05 to 0.7 pm and large
particles having a diameter of from 0.4 to 5.0 pm, the peaks
30 of the large and small particles measured by the light
scattering method not overlapping, and a total content of
solids having the defined particle sizes consisting of a
volume fraction of from 5 to 45% of small particles and a
volume fraction of from 95 to 55% of large particles, these
35 volume fractions summing to 100%.
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