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R particularly when intended for use in seat cushions that may be subjected to
o ‘certain’ conditions. By way of illustration, seat cushions fabricated from such _
} 30 - polyurethane foams tend to exhibit a phenomenon known as “static fatigue”, . 30
Thus, when an individual is seated on the cushion for a prolonged period of time, :
the cushion-tends to-become deformed and to retain the deformation to some -
- extent after the load imposed by the individual is removed. As a further |
illustration, seat cushions fabricated from such polyurethane foams tend to lose
35 - their desirable load-bearing properties to some extent when exposed to conditions 35
of high humidity for prolonged periods of time. - ) . _
In accordance with the present invention, there is provided a normally liquid
polyoxyalkyiene-polyoxyethylene polyol consisting essentially of: (1)
_ polyoxyalkylene blocks that consist of oxalkylene groups containing at least 3 :
40 * carbon atoms, (2) polyoxyethylene blocks that consist of oxyethylene groups, that 40
endblock at least 35 mole percent of the said polyoxyalkylene blocks and that are '
terminated with primary hydroxyl groups and (3) the residue of at least one starter
(as hereinafter defined), the said polyol comprising from 90 to 97 weight percent of
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50 adequate -viscosity buildup in the polyurethanc-forming ‘formulation. Con- " 50 . «
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Ethylenically unsaturated monomers . suitable for use. in producing the
polymer/polyol compositions of the present invention include the hydrocarbon
monomers such as butadiene, isoprene, 1,4-pentadiene, 1,6-hexadiene, 1,7-
- 50 octadiene, styrene,  alpha-methylstyrene, metﬁylstyrene, : 24-d1methylstyrene, 50
' ' ethylstyrene, isopropylstyrene, butylstyrene, phenylstyrene, cyclohexi\;lstyrene and
benzylstyrene; substituted styrenes such as chlorostyrene, . 2,5-dichlorostyrene,
‘bromostyrene, fluprestyrene, trifluoromethylstyrene, 1odostyrene, cyanostyrene,
N nitrostyrene, N,N-dimethylaminostyrene, acetoxystyrene, methyl 4-vinylbenzoate, -
55 phenoxystyrene, p- vu:iyl diphenyl sulfide and p-vinylphenyl phenyl oxide; and. 55
acrylic and- substituted acrylic monomers such as acrylic acid, methacrylic acid,
methylacrylate, 2- h{droxyethyl acrylate, 2-hydroxyethyl methacrylate, methyl
methacrylate, cyclohexyl methacrylate, benzyl methacrylate, isopropyl
. methacrylate, octyl methacrylate, methacrylonitrile, methyl alpha-chloroacrylate, '
60 ethyl alpha-ethoxyacrylate, methyl .alpha-acetaminoacrylate, butyl acrylate, 2- 60
ethylhexyl . acrylate, phenyl acrylate, phenyl methacrylate, methacrylonitrile,
acrylonitrile, N,N-dimethylacrylamide, N,N-dibenzylacrylamide, N-butyl-
acrylamide and methacrylyly formamide; the vinyl esters; vinyl ethers and vinyl .
ketones, such as vinyl acetate, vinyl chloroacetatc, vinyl alcohol, vinyl butyrate, .
65 isopropenyl acetate, vinyl formate, vinyl acrylate, vinyl methacrylate, vinyl . 65
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al pha- et hoxyadh%| & %; R lo'ﬁ:ﬁé g’é;ﬁﬁg‘ﬂﬁ@g’yg‘ s@@g% acryl ate, 2-

60 et Byl he>& Yhly@GL ¥ el fablyDABEION, i 3
et hacr yl omihuteés).The haifT s)oﬂtltercada!ysts eshatt sralsed
N, N-di benz mmta@pérmum isn Sh?éldw&é anf or man de ‘the
{inyl este %f,mi};g? eg?‘ﬂ%mﬁ o {%’gf, %&ﬁﬁfﬁ%s& Sacetate, vinyl
hl oripacet at €o°@] ny¥ al cohol ;" vinyl b rate, . |sopropenyl 1@cet at e,

In therprbcesscusgd 40 produderthe mepolyplsof dhis mv 10n, 4
: 1| ?1”2 ];(iron?izo%omers L%polymesrgzed 1nethe pogi;cﬁ;‘il Ugggly, the W: vi nyl
\?ol ol, It has b found th tgt 1ssolvmg the. mon ’ .
benzoat e, diyol @k fAing\the MlutioR 5ol €0thed Yo (A ire é lyolthny| brom de,
- vinyl1sf | uorr¢ an tzmp atudefvenlntnmnnu{'if tlhe mhiumems hndfﬂhuqmolyelt Iczane vitsyl i dene

fluori de, fou l}w eY‘ ethers, vinyl
. ls k n S8 S i

butyl et hel"é’wyen xve b%q 'ﬁi‘ﬁ‘ﬁ & Jrs ‘tﬁ‘ﬁgi’mny&‘ﬁ‘& Toﬁ%'?%uyoﬁf‘ foE tow ny!

2- met hoxyetpblyheﬁzanon The tchBfersiof Bif ikiex Bg thisyet hyl et her,

3, 4- dohydr. gg%ce@ yplapgé%bgy h%%oxgnvzrswmf n Zﬂ/ettm?ﬁ/ eethde, vipgl

2- et hyl ner al LiadBBdidDome eth¥de ket one, vinyl
. phenyl ket @é’h@tmg‘v’ olﬁﬁ lyéN Exon i thiy nv&l&ggf kﬂn’gﬁﬂﬂa ﬁn%‘?t hyl - N-vi nyl
acet am de, -(I)-anic lyisodyaurteis, t wprmyhcewﬁﬂtihuutﬂ st fsbrthlemc,abtlmff | de d| Vi nyl
sul f &Ri de, ( r§tt10 jdj ‘g?éﬁ

_ nyl 2 '
Sul fonate qryﬂo 4gext an@Vy %ﬁg ,%I:‘,%o ,fﬁ-ﬂiﬁ‘m a§1‘° ° T °%s°“€m1§%| eate mal ei ¢

‘aci d, 10 cr ou‘h)ernrgaxﬁmp ;soéyﬂmes thataes Weful ih pmduun(gthc:p urevianesxét hyl it aconat e,
t but | am smgqnﬁ E{m%ﬁ%m St-tyl zﬁiﬂg yanp,@tg $y| at %0 g| yC| dy|

S.
_%cryl socka ¢ the @ ﬂl
i chl orobu ﬁnansa nitedhd glehe diiddcydnbites) Sas mwmofmners can be
used isocyanates @deblamdb eaommmgewcxan m)zﬁzampie% smb ht percent

_acryl it .d% ﬁggqn HaeTGae. %m&% ‘h{ ‘ﬁgg Appatohuiy baseg on the
wei ght of 4 cﬁﬁatynpmetn fo f}@lenés DAUNSEYah -cmamthe pdPyol to
produce t hée ﬁﬁrdnsofMaforlemtrondzanaIZ z atg-irhitoberzerteagst t hat can be
enpl oyed - i Hl aé%ré‘r{ﬂ@h Hsocyss 8? 3 Ey ‘E&“ }dﬁfoqunﬂvem “i ncl ude"
per oxi des, Pt eny SeFHeat esg ‘Q ercar bonat es- and azo .
.conpounds; |nclud|ng hydrogeng - dlbenzoyl 20 peroxide, acetyl
per oxi de, benozyl hydroperoxi Moperoxi de, di-t- butyl
per odPde, | auroyl peroxide, ;but i d||sopropylbenzene ydro-
per oxi de, cunene hydr oper oxi dg, anent lpahe~hydr oper oxi de, di acetyl
per oxi de, - al pha- cunyl perOxrde, di propyl peroxide, diisopropylene’
i per oxi de, %ﬁerem &g GJ 1‘3, ‘% l IB% r?c)msgg ré}grtaylyfrgmqlé X&O)Der.OXI de,
fl_l aur le IQEtEa(H la kdekh &)i e orgahic poly1socyanate is'employed. o
e _ e catalysts that are useful in g roducing the polyurethanes of this invention :
'i . mclude tertiary amines such as bis(dimethylamino ethyl) ether, triethylene

. 45 diamine, trimethylamine, triethylamine, N-methylmorpholine, N-ethyl- - 45
morpholine, N,N-dimethylethanolamine, N,N,N’ ,N'-tetramethyl-1,3- :
* butanediamine, tnethanolarmne, 1,4-diazabicyclo[2.2. 2loctane and yridine, oxide.
These amine catalf'sts are Ereferably emi)loyed dissolved in a sultabﬁe solvent (e.g.,
dipropylene glycol). Suitable catalysts also include organotin compounds such as :
50 dialkyltin salts of carboxylic acids, e.g., dibutyltin diacetate, dibutyltin dilaurate, 50
dibutyltin maleate, dilauryltin diacetate "and dioctyltin diacetate. The catalysts are
employed in small amounts, for example, from 0.001 per cent to 5 per cent based
on weight of the reaction mixture, -
‘The blowing agents useful in producing the polyurethane foams of this :
s5 - . invention include water and halogenated hydrocarbons such as trichloromono- - 55
fluoromethane, dichlorodifluoromethane, dichloromonofluoromethane, dichloro-
methane, trichloromethane, 1,1-dichloro-1-fluoroethane, 1, 12-tr1chloro-l »2,2-
rlﬂuoroethanc, hexaﬂuorocyclobutane and octaﬂuorocyclobutane Another class



per oxi de, ditriphenyl nethyl peroxide, bis(p-nmethoxybenzoyl)peroxide, p-
nononmet hoxybenzoyl peroxide, rubrene peroxide, ascaridol, t-butyl peroxy-
benzoate, diethyl peroxyterephthal ate, propyl hydroperoxide, isopropyl
hydr oper oxi de, n-butyl hydroperoxide, t-butyl hydroperoxide, cycl ohexyl

hydro- 30 per oxi de, trans-Decalin hydroperoxide, al pha-nethyl benzyl

hydr oper oxi de, 30 al pha-net hyl - al pha-et hyl benzyl. hydroperoxide. Tetralin \J/

hydr oper o 'de, tri phenyl met hyl- hydroperoxi de, diphenyl et hyl hydroper oxi de,
re

al pha, a ‘azo- 2-methyl butyronitrile, alpha, .alpha -2-nmethyl

hept oni t [I'-azo-1-cycl o~ hexane cggﬁo,nétrl l e, dinet hyI al pha, 6 -
al pha- azo rﬁwnf yronitod —th-soptopyt—pet ny‘.\

di carbonate. "A m nﬁblbmngfagﬂm mlclyét t la+us Whhefgélgﬁér/ poI yop~~
conposi tions of thpen the S S a r ﬁﬁnﬁmu,mt of the
pol yol and a mi nof: ffﬂ.ﬁfr& DBlowiHg r@ rEﬁo

ABNPO fiethhm)
consi st esseqit.i al lrue wyonbmwrnga tmpl “qdbraqemhfotﬁtonﬂa@hpothymﬂt&nd from -

f d |
ZZ) to 6t5 h\é\Bl g|ht ngfewﬁgzriﬁ%ngaﬁfa le rodt(l)crllngtttﬂe pvﬁurgéﬂane%arnb& &gl yol and ¥
po’y ention include srloxane- kyl ne lock c! golymers, such as those disclosed :
40 The process us%h{ed lpgieags c@,e YGES, 74091 axtroﬂmbowdﬁedasﬂsngg t hi So i

i nvention ingyol veﬂuﬁob |tlzos¢1 is¢ hsdrmﬂi@ Patenit Bpge atent
mai ntai ning a | 0W°YPé3‘ &%ﬁﬁmﬁ‘ S Aarer 3 LhitE n ﬁ fegggﬁ" 0.8o01 xture
during the p'ol'yrre eghaﬁaym b@M&ddh;yoﬂmpboj ing
process conditi ongseﬁand are Mddosqm jinl ad u;d

3

01 P to
pol yrrer | n1pr act jusséul age L °18 é"@i‘:g,gt ﬁ%? zlh ed iR
the case of sem - Haesise u;uiﬁw RS yw,mmmm
tenperature and éﬂ‘dcgﬁcﬁﬁm&dslaﬂﬂﬁclﬁdmlhﬂ htlemtsmsmrm a -batch qper ation,
al so by slowy ad efdwlmddmem am?u g glsr y npl oyxgd
<"y’ ol r xR s e FyE
50 . Six mnut égm y&ﬁﬂo lyareefp scanm'smmsned
usi ng a back- 50 dmtheadvem o usx llsltl‘qthﬂlﬂ%d fla St his
aut ocl-ave). These reé@?@?‘@ %’E ;’tlgerﬂ ; f’g’ @?@m"%"g&“["%ﬁ&é ThiRDgenesus
and sp preve?f’t Io B lde ,Q, yxo thes& po%lsS(.tQ aﬂreosamer I n
certaln tubul ar r rgmgprdceddreaﬂd othcrmges alﬂmﬂf’g

ors &
when these react or@neﬂceo hd.g?dlseleweﬁﬂlﬂf’&l‘(a?w}} SRETPRSILADE) {eﬁgsglg a stﬁnt |
to Y -

nonomer adde% to tfHeh 'ﬁEaF lyu K\i’e‘!%? thib svedtRh &E%Stpeddicc(debygany Mar c3
55 reagfors)~can bﬁ,tgymh 110 6 ainsedrmmwﬂtorlfme:nsrmdb@hyfperqeedrmnorrer &

are added to varl drysthspagelsmen/‘h eaOEGM'ShBTaETB eed

s can b var| of (3 M %ﬁ%mm s

t he st art vegsus Q V&l}ad j@ o ﬂres of the fpolyerk oﬁﬁmges 351

t he product Vi scosint Uorﬁemke thdny dal:m rly seely applicatians, #pd . ’6‘00'11}Frgher '

product Vi scosi ti expPl y zb'gfqrﬁ)‘ pliﬁ@sﬁzfu wae:rtanQ{tﬁﬂ%{htﬁ@éxY.ecrﬁehBW le to
(- e

styrené ranges forgg cd@@a 6V purgdies. Cr u
pol ymer/ pol yol "conpositions usual [y contain small anounts of unreacted

pol yrer SbyTQﬁ%?o;.es' e M L

first stage “° ” denotes ercent by weight unless otherwise stated], 512 710

Ty t e.
ﬁ/agige back- r;nsxed .reag%tﬁr rd;rrfgteg) m'ﬂmv&bé@@c‘dﬁd ?Pé@é WHYEERS-can be a 45

~*cks.” denotes viscosity in- centistokes at 25°C. o
. “cps.” denotes viscosity in centipoises easured at 25 C .
" '“Cookout” denotes the perlod a reactlon mlxture is heated after all startmg
" materials have been added. .. P o .
50 - “Ft.” denotes foot. _
- . “Functlonahty” denotes the: average number of reactlve groups in a molecule : o
m” denotes grams. - o . o -

oL r denotes hour.. : 3
““Index” denotes the relatlve amount of . 1socyanato groups and actrve-

55 hydrogen atoms m a. polyurethane-fonmng formulatlon and is. calculated .88, 55
follows: . _ , . ,

R - Equ’ivalents of NCO LT
'Index = — . 100 T
. Equrvalents of active hydrogen '

~“Jonol” (Reglstered Trade Mark) denotes 2 6-d1-tert-butyl-4-methylphenol :

. "“lbs” denotes pounds. . L .
60 N “meq/gms” denotes. mllh-equrvalents per gram Ly L 60



react or operated conventionally or an unstirred tank reactor. The
t enperature used in produci ng pol ynmer/ pol yol conpositions in accordance
with_this invention is any tenperature at which the half |life of the 5
catalyst is no longer than six mnutes (preferably no | onger than from1.5
to 2 5 minutes). The half lives of the catal ysts becone shorter as the
tenpeature is raised.- The maxi num tenperature used is not narromy critica
but shoul d be | ower than the tenperature at which significant decogf2§|t|on
1 ]

of the reactants or.product occurs. By way of illustrations,

azo- bi sn,sobutyronltrl | e has a hal fl léa;lﬁ of six mnutes 10 at |

10 I n ;_hg_p.r_g,g_g_ss_us,ed .o oduce !5 olyner/polyols of this. invention,
‘the monomers ar E‘a’b, gmsnz@mm t-he: poI yol Usual Iy, the nononers are

soluble in the noteg beeit’ found ‘that first dissolving the nononers

in a mnor port“mﬂﬂH deﬂi)ﬁ:s )ﬁ@ierseﬁidne%w)‘ Elgoltlﬂepr&‘éﬂrelt ion so fornmed to the
remai ndler of .t fBardlapd[“pa” defmotes partsehyokeighn t enperature facilitatessm xi ng

e nononers. ap gn ‘tbégh{°°t15 reduce or elimnate reactor
}ﬂul ing. Wen t"Ecl;'a‘ wﬁzﬂ’f;ﬁaﬂmﬁp’gol ubl'e in the polyols, known techniques
G- 9., dissol ut‘pmm‘r Mnotehpmmaowaﬁt@emmmwaasby\wa@m her sol vent) can be
woed & di sper ﬁﬂqufﬁqltarfem plbkapge pressuter t o pol ymeri zatiqgp. The
conver si on of t 5&5?4& L)l a1 ﬁ%‘ hieved by this 20 process is
remar kably hig RP @notegﬁwﬁ;@gg @htel rOM 72% t o 95% of the 20
nonomer s ar e -q&Steippdd’ ydegoths earenthl of Thadatity emeeninls i byvismtingont sedsedpr ovi des
el ast d%ericP EWr g1  ARGs;Rf Oduced by reacting: (1) a-polymer/pol ysl
-conposition of. this i nvenlgl on as described above and (I'l'), ‘an organic
pol yi socyanate_in the p smtmm'fTI()Nlmioeﬂmuknsyst for the reaction of 25
(1) and (11 %}epsg%l'ﬂ IM[E’ rﬁl?ly ‘Eld‘ﬁlr@fe f fopmp |d °ﬂb¢delrp€h=yuret hane is a
" foam 25 an eRe at"nﬁ 6 SToRGee SUPWIEPRoRSENPE conducted in the
presengse of A(Mol&’r&phmmmg agent and (V) a si I icone surfactant -as gy
addi ti onal gﬁ ¢ %’E&t lsltatfphemmo by theprolugrie amtoesused)at are usef ul

g ik

in producin ‘i’xyhljlgb‘?r \l?élﬁ'tee?gl?lﬂd Plgfelﬁl'fl hcorrpounds t hat
a&eau pls we w°° ds are wel |

contain at
known2sn théollawtngcﬁﬁ/e- d plrlea adr%thnto thﬁthl e or ggni c
pol yi socyan 50 ,};ﬁ% twg@é"’ff§ fg W§ E’ﬁ tal me the al kyl ene
di i Socyanat @ceéd o proBucd! ol afiosidd bAd PR bt of §te tri-
ocyanat es ramsld propylened axie teployde adiny mmtaﬁﬁ&‘aﬂa anpl es of

SuitaBle po aﬁ %;laﬁ‘é&'@ l‘ff: rogﬂce %n@d reacted thh
it

1, 4- di i socy §iet Ol SRace ox 1 ace ad Qf(&ﬂﬁe;‘;déh’g dii socyanat 0
tolyl ene, 1sﬂdemsmymatStep3w ﬁmam .phopyle ylene, -
1,3-dii socyaﬂml :ﬁ:‘“ nrea@tt‘-d MDPMe Idatms]thmbtoppbd frem 2R e,

redttio hluﬁ

2, 4-dp3 socy ’é’ d' ﬁ%ﬁ ﬂgrdcm%ét %Féﬁglt@%%ﬁ&ﬁ’ tand

_dlphenylnet
pol y- ~net hybdmwpdis ersatteusc)rl Qeomdta: [err]
40 whgrein }E“‘? T e? ﬁ“ifquf%cqqnditnglsv@u Er ef erabl y from
hih!

.-l

1.3 18 2.0) 4 Lot i bR %ﬁéi‘% i anat &
enpl oyed. The:ttuawwlyeﬁesmrhptolcﬂg&ipeﬁ umkeum’q mglzé ectm ur et hanes of

this inventt r41 a essch as.-bi s(:di met hyl-am no ethyl)
et her 45 tri eggﬁ& 71° ée?a'le g’&%’f‘ﬁ‘é"' Préi‘ﬁ’;’/‘?‘%dﬁ gstrates fbétag?/‘leam ne,
N- net hyl nor phoi‘tb;nB-,— Mbl&h )i ydrous erythntdl Mrﬂh@’whﬂﬁarged to a two-liter
N, N- di net hyglas with stigrex] Flake- K@H canteining labduf 30% water (4.0
grams) were added to'the flask The mixture so formed was stnpped for one hour
. S at 150°C and <5 mm Hg with stirring. -
H 50 Step 2 — The :product of Step.I was added to a 1. 5 gallon stamless steel 50
ry autoclave equipped. with a stirrer. The contents of the. autoclave were maintained
: : at temperature of about 140°C and propylene oxide fed until the reaction product
had a hydroxyl number of 442. KOH was removed by diluting with an isopropanol-
. water solution containing about 12%; water and mixing with an ion exchange resin.
35 The product was filtered. This ion, exchange treatment and filtration was not used. 55
in the -other Examples - After stripping the isopropanol-and water, a first polyol
intermediate was obtained having a hydroxyl number of 441, afunctlonahty of 3 91
and a viscosity of .1700 centistokes. . o
.Step 3 — The first intermediate J)olyol (1267 fms) was catalyzed with 20 gms
60 of flake KOH. The mixture so formed was stripped at 130 to 140°C and <5 mm Hg 60
. for one hour with -stirring. Propylene -oxide (7178 gms) was reacted with -the :
stripped. mixture in a 2.0 gallon stainless steel autoclave equipped with a stirrer
over a.period of 7.5 hours at 110°C and 60 psig. Then the mixture was heated at




but anedi am ne, triethanolam ne, 1 ,4-diazabicyclo[2.2.2]octane and pyridine
oxi de. These am ne catal ysts are preferably enployed dissolved in a

suitable solvent (e.q., dipropylene glyvcol). Suitable catalysts also L
i ncl ude organotin conpounds such as 50 dialkyltin salts of carboxylic
acids, e.g., dibutyltin diacetate, dibutyltin dilaurate, 50 dibutyltin _
mal eate, dilauryltin diacetate and dioctyltin diacetate. The catal ysts are 3/
enpl oyed~in smal | -anmounts, for exanple, fromO.001 per.,cent to 5 per cent
based ofi,whi ght of the reaction mxture: The blowi ng agents useful .in

produci Rg -¥he pol yuret hane foanms of this 55 ~invention include water and
hal ogenat@d_Wydr ocar bons_such as trichlléddfdno-. 55 fl yoronethane, . . ° -
di chl or odi fI-uor opjebanes hebir tdl yRUPEBO gk} o0 Rk Raediteqlyol In ondertthane, . »e

t ri chl or omet hiane jncieabe. the J6DMrcontest fouthe daveldesiced in the . peadugtion fcshq')t.hirs},z,z-
L1111 uor oet hane, emeieisgoliel e ersed e m%ﬂw&gg% (S8 Anot her
class 6 5 7 Step 4 — The second intermediate polyol containing KOH [188 péudds)was 5
6 of bl ow ng agemhﬁgd%|MﬂMMé¢ steeljarketed eutodave cavippedwWithatstivieher ate -
gases upon heat i rfgopy gsq;wldeaLéZ pﬁ;ﬁp{)—t‘l"g ﬁ%‘ggf; ﬁmwg‘:”dgrm‘;tﬂ%%%ﬂﬂaﬁal am de.
The generally, pefdef? k“ﬁn@é‘f{ o ks R WE ropyIoiE olae: The cORNoRS oPthe L
conbi nat i oneof- WahRElard wite theh sttlpied @R 12080 addl EmintHE absghbné pressore fers hours 10
trichl or onmonof | ude mmvhsam;'act@ pngPYl;ﬂF' idgy) ll’l]et |’2[1 of 'fb&qw trig agent. %FTD| oyed
il vary win fecpdia o mea e nb i allin s "
product. The sil ij¢@@Sosdh ddaiibmil i houta8d then whs siripgped! for 1 Gourlz€ 16011y minesthane
foans of thiss i n\HgtPotassiinneas)caneyed izqort% ; rs, uch
| Is¢losed in

as those di scl osdepspe! {¢ £ I . S 917

. - . (s} OVE W, VU
R e R e e
Bel gi an Patent Specification No. 809,978 and " 10 cyanoal koxy- al kyl- si | oxane
fluids such as those di scl dbdepxyimumbergi an Pat ent Sp@®8% i cation No. 809, 979.
These surfagfants are used J&; amunts of .from 0.03 (@2 parts by weightyper
100 parts by wei ght of the polyner/polyol and any other polyol used. and
are usual |y enpl oyed di ssolWaer,%n a |iquid oxyal kyl 8828 -pol ymer. Al'so 15 - .
useful are | ow nol ecul ar. wej,ght.sil.icone oils [err] glaghng 15 viscosities
of 3 to 7 centistokes at [eél?'{%‘g%vllflébg@ silicone oi'IO's-,. as contrasted to the.
ot her surfactants- menti onedisbsitygks &28°Gnl'y useful W%hin a narrow range of . -
process conditions as discl sed 0 the.qasents ment gned above. Preferably,
addi tional anounts of the p}p&“'ﬁ?gi YOOI %% t o produde the 20 e

pol yrrer / pol 3501 conposi 't i onAvefagé faactipneizgnt i nventi od4are used al-ong wi t45
those. 20 conpositions in prodyci-ng the, polyurethages of this invention. -~
Addi tional Iy, -conventi onal "%‘HF‘%F‘E._"@'&H&D@ enpl oyed. ?%n.g' with.the _
pol ymer/ pol yol. conposi t i onsyMitufatien, eyt i on in prodwes ng the -
pol yur et hanes. The Ipol-' yol s-enpl oyed i n- produci ng the .pol ynmer/polyol- - .
Dt .+ B,; Rolynier/Polyol Preparati : :
conposi ti ons of thi e Tollowind RO SRaP pfocRlune uil & biiseel iRt polfitCont 2
further aspggt nglyg L Smpositistsidestibed #mahd-EnmmphiiRppearifpbdlew:et hanes deri vesd
from these pol ?/T&Iis (using the sane pol yurethane-formng procedure and
ot her starting refasipngy a%g%scr-' bed above.in cor I. b 5B lcsc! osed
. . single-stage continuous ck-mﬁ.ra?{'ﬁ% QdQIQYMC_f _ NP -
pol yner/ pol yol C_Omgtté ) usb & PTiS eton. was| Jg tatbdI WitkCd topétediing Vadiblni S
I nvent i on. propeller and contained four equally spaced vertical baffles. The reactor was -
35 provided with means for heating and cooling through the side walls. Two feed 35
' tanks were used, each on separate scales, and connected by flexible tubes to
positive displacement metering pumps. The selected weight. ratio of styrene, _
acrylonitrile and azobisisobutyronitrile was premixed and fed from one tank. The &
-other tarik contained the base-polyol. The two streams were fed simultaneously, o
40 through an in-line mixer prior to entering the bottom of the reactor near the radial 0
propeller. The product was discharged out the t? of the reactor through a back- )
pressure regulator and a cooler that lowered product temperature to about 35°C. - &~
Procedwre - . R I
' Initially the reactor was filled with Pélyol I and additional Polyol I was fed for K
45 the first half hour of operation. Prior to starting the feeds, the reactor and its 45

contents were heated to 140°C. Both the polyol and the monomeér-catalyst mixture .
(e.g., 80 parts acrylonitrile 20. parts styrene.and'1.74 parts azobisisobutyronitrile)
. feeds were started simultaneously and feed rates adjusted to give the. desired ratio
o - toyield a polymer/polyol composition havin%about 79% polyol and 217/ polymer. o
50 The temperature was adjusted to 120°C. After about 0.5 hour of operation, the - - 50
' polyol feed was switcheéd from Polyol I to the desired polyol via parallel feed
systems. After making final feed rate adjustments, feeds were continued for 50
minutes- before collection of product was begun. The product was stripped at-



30 The el astoneric pol yurethanes of this invention can be produced
by any 30 suitable nethod. Thus, the foans can be nolded or free rise and
can be produced by the prepolyner, quasi prepolvner or_one-shot processes.

cushi ons crash pads, armrests, mattresses and aut onobi | e bunpers. The 35
Uhlproved static fatigue and hum d aging, properties of the polyurethanes of

_ 35 invention make.themparti-cul arly useful in-such applications, and
in other applications (e.g., furniture cushions). The foll ow ng Ex3 phes

~illustrate the present invention, with the exception of Exanples 3 7
whi chj&e presented. for.- connaratli/,élzmﬂposes 40 . 9

DBF NI TI ONSI30°C and one mm Hg absolute’ pressure to yield the desirédQo odtlﬁﬁdTﬁen the Exanpl es
appearing beadien waahltpglhulsmmly Is:yﬁnbuihm the desired pulydl, ained experitheeons have t he

i ndi cat edne %ﬁ olypls ha, % &hi prosgdusg sehrtimien | neinimizes e Wi se st at ed.
A/ S" or ' eno a£ S & T{lug;%'g;l Sty

R0 of acryl onitrile to styrene. 45

' lc.; not.es aIc '

45 "cké:a r1FJ s"ﬂ'\ﬂ’ i '?“f“ﬁo'bentlstokes at [err]. "cps. _" denot 8s

Vi scosity IMomouﬂm-smsarmM@d at [err]. "Cookout"” denotes the period a
aeactlon m Xt Lﬂr@aresmblééwerdxlae‘w“mma-MokkRelwgemesma-m SHAwad been added.” 50

"Ft . " denot lée% to 200°F in oven. Wipe off excess mold release agent and allow mold to

50 " Fypct i o&eJustsynm i ‘”ﬁﬁ?‘“‘“ ‘“‘%15&" B bl AahbupS fpn a

nol ecul e. "igwi'a G&igalloasca bﬁﬂi‘d nmss Ltfmer 'sétfdetotal dep®t s t he
relative an¥Sgandsgtix bg p@lm! %&5‘“ edqb%@n&ﬁém RPMuSemgen atons in a
pol yur et harfge & 0&‘%{@% a‘%‘é‘.i#%%%éﬁ‘?ﬁ #’énﬁi 1L | ows:

Equi vas ent Swﬂl d¥ OXec—preset tlme) and small timer starts. Allow to dfr: Eq ui gl ents of
active hydrrogana fewomexrinds, (rézaayie ghdTshakbosehdnal kim eeldmmheamld (mold

2,6-di -tertd 'Bﬁ!’ g mé 5“1)I d is g P f%%’lagaz%ﬂssme for "nmeq/ gns"
id _minutes; place mo. oven or 6 :

denOt es m Imi'nu ané’\%ﬁ%ﬁ#) %olg f and crush foam b hand before runnin 60 7.

1,5122010 through roller 3 times. Trim foam and weigh. Rec3rdrrgdt time) €6u @Sightpxi magn  "min. "

denot es ni t?i ss, Sllqgl i oldabili asnd. pl idwediately lmtést i meters of
cmercury abg Brogttery g‘ylﬁgquge H“m‘gty?gcurpet’fegg tesfing: " pbw' - denotes parts by

&vei ght . " pcf”. denotes ‘pounds per cubic foot.
n - n l
Poly ' oditdle Ty T§ﬁ 15 o bl Yoo 1or UEHARR85.4E0) HSihd S
- 25 foams described above formulation is poured into an open box gdlmensmns — 25
- 14 in. x"14 in. x 6 in.) and allowed to cure w1thout applrcatlon of heat from an’ '

extemal source.

Molded Foam — Lar ge Scale o '
: An “Admiral” (Reglstered Trade Mark) machme (capacrty 40 pounds per
30 minute total throughput) is used and is operated in a conventional manner. The 30
: machine has a mixing head, metering and dispensin equlpment and heat - '
exchangers The followmg operatmg conditions are emp oyed '

Mixing Head o Low Pressure—ngh Shear
Mlxmg Speed, rpm B . 4800 ‘ ' |
35 Throughput, lbs./mm SR '_'20-_" A L g -
- Temperature of Startmg Matenals, °F 75 o
> s MoldType T B o _-:-"'Cast.Arjll_imjimfu_'ﬁ__.”
. Mold Dlmensione  15x 15 x 4} inches | .
o 40 Venriﬁg - “© "~ " Fourholes (3/16in. diameter each) at
: _ I . cornersof top of mold) - . 40
. MoldTemperaf_ui"e, °F - Vried” o '
Release Agent - - “Perma-Mold Release Agent
: 804—07SH”
Demold Time, min. R
45 Crush ' _ Upon Demold - 4

" Post-Cure ~~ - - Lo “Nope: - " i et



"ppnmt denotes parts by weight per mllion parts by weight. 10

psi g" denotes pounds per square inch gauge pressure. 10

"pli" denotes pounds per |inear inch. "Residuals" denotes unreacted

nmononers. "RPM' denotes revol utions per. mnute. "Stripped" denotes renoval

of volatile materials by heating at reduced 15 ., ©pressure. "W" denotes -

wei ght . PREPARATI ON PROCEDURES The pol yol s, pol ymer/ pol yol s and ,
pol yur et hane foans described in the Exarrpl es appearl ng bel ow were prepared S
by the fofyTgwi ng procedures: 20 A. Pol'yol. Prepar at'i on \ '
' r|Iy to the i mtations |rrpo$3§ by the volume of the reactors
lo Ly | ow h\/drnxlzl ihbher s (correspond to re| atil¥ei y .
hi gh ¢onbi ni ng wei ght's) of the polsrmlsrmfc M}ﬂmaml es :appearing bel ow - u
coul d: not be achi eveln the Exapwplss appssrins beloswiuthe follqe'medemsmonqmbymdswmere
produced by the 28enote thedndicalgd garting mategialy,. procedure. ‘In-Step 1, a starter
(e.g. erythritol) ahpgusually. 25 had been ‘sti pped to renove any water, _
was mi.xed w tSh- KOH ctmelyei it ﬂgmm e canifercibl avamwar polifdl@rﬁuxédrb)e raemfgor med 5 &
was heated and the ssllii{?ﬁl@ er@ taad t iig l&rl{( él'hand " e
water. ‘I n Step2 : xrdeto -
produce a first- poI I;%oua Fgge;l f&ﬁgﬁy&ou o er ¢ i rst poI on :
i nt er nedi at )eaovvas m'xed ‘with addl t | onal “KOH and react ed- vvr th SOCt?nddl ti olr(tjal
deRol .
FATECRA R Ly AT ik "‘Wgﬁe“zm
In Step 4, the produsveragé oBRAphyTowh ,prmyiremanmdﬂ f0
produce a third pol y%bloutlﬁmfh%dh%lydf rﬂéabtr@ﬂ“propyl ene oxide was -t hen

stripped fr this £ dpol ol
nt er e di.at gﬁlwas resgl’ol al iIP i%&aa&o&ﬂ&&l?gb a@n tgih 44 h%éé}icp&)gg ‘Eﬁl{g 1%
pol yol ' product. Aft eluydecay:hg er aupleshle ki, has boyt Sambledh pnmxwdrydrmtns

stirred with heati ngsrmpeamﬁm ﬁﬁ‘éd‘y?feﬁls‘ﬂmieé°§§sure adequat.e “di'sper si on

of the KOH in the startqier IV’“H@&&&dL%ﬁnﬁPﬁalm&ﬂ&i@b&yéﬂ foXide by -
formati on. F@ther, deadting rwcamie aids pmbyla&r bxide: o¢upping ywithi ahyledeut i o -
40  the water abs@‘rldyed‘hia 5%@ eltfu‘Pxﬁ Uxethdefeopxidet i on was =~
stripped 40 after & mb&f i rf:%? 6\‘ 1 HRBEYaYRyYI ene 3
oxi de; ‘the reaction mXture - e a’pro onged period (" ‘cooked _
out")’ f.0-maxim zegf %%ppbl i the aI kyI ene oxj.de.. The fol .owi ng ‘detail ed.

pr oceduyr e (ased in EsPalypie dyol TP Idurmtesaet e:snrhéraal@bmﬂabm lymer/po alsdoi- bed 25
gener al” procedure. position produced. by polymerizing a mixture of acrylonitrile -and stygeng

Mol ten, anhydrous.er. &ﬁe@l{%} “’Eﬂ%ﬂ’ tr T}gml’ r gI ass
fl ask equi pped with %ggu{%o@b;r ﬁ @‘og amgzl:mm%%bﬁ%tﬂ% %V\;za.]{:gé :
grans) were . added t'o't he flask The- mxture 'SQ forrred was strrpped for one
hour at [er andC<5CamﬁBlg Wi t h stirring. Step 2 .--. The pr odgct
of Step 1 was added ‘TV8%9-154 o3 4%”@?&??}?%3"5" @'ﬁ'@@‘?“‘yf%“%t oclave equi pped
with a stirrer. The« eﬁﬁl@rﬁ étr%ethﬁﬁccxﬂ&iﬁtﬁﬁl(@X&o?ﬁﬁ&sﬁm o'aL&'of‘ﬁ&Jz@

t enperat ure of about err and- | ene: oxide fed until the: reactron

stof” datiot h 3 |
P;ggtjg;ahgﬁ_ a _hydrox 'ﬁ?etﬁetro;fnd ?;@eﬁm yg&eamew H?"/chl*(@rﬂmglyw th an

35 Amme Catalyst II” denotes a solution consisting of 33% tnethylene dlamme- - 35
and 67%, dlpropylene glycol. o

‘“Amine Catalyst III”” denotes a catalyst solutlon conslstmg of 33 / 3-d1methyl- o R
amino-N N-dlmethylpropxonamlde and 67, C,H,,C,H.(OC,H.), o L

D. Isocyanates BRI EEE R o
40 “TBDI” denotes. a mixture of 80/ 24-tolylene dusocyanate and 20% 26-; 40
. tolylene’ dnsocyanate o _ g -

“AFPI” denotes a- polymethylene poly(phenylene1socyanate ha.vmg the
average formula: _ '

45 _ ﬂiIsocyahate r denoteéamixture ..gf-_8l0‘_'/°'TDI and 20% AFPL T



wat er sol ution containing about 12% water and m xing with an ion exchange
resin. 55 The product was filtered. This ion exchange treatnent and
filtration was not used. 55 in the ot L_ppi

i sopropanol and water, a first polyol internedi ate was obtai ned having a
hydr oxyl nunber of 441, a functionality of 3.91 and a viscosity of 1700
centistokes. Step 3--The first internedi ate polyol (1267 gns) was catal yzed
Wth 20 gins 60 of, fl ake KOH. The m xture so formed was stripped at
130 to [err] and <6 mm Hg 60 for -one hour with stirring. Propyl eni de

(7178 gns) was reacted with the siripﬁﬁd, mxture in a 2.0 gallon &%¥nless
st eel_ﬁlnm&_eqlu__p_p_e_d_mu.hﬁ P10 over a pe.r_il_od oj 7 5_th!|1cs at [err]

akd 60 psi @. Steme SubBeaskt ure was heated at - 8 i

1,512, 710 [ er:iSflicons I’S'dﬂ?m S pajutionegf . Siloagrieghlgckotonslymer. 'él°§¢ﬁf ermedi at e
~polyol . In or] ég;%;%,;mgsﬁ%kipfﬂg%@ﬁ%%?gf f’%ﬁﬁ% f¥&sired in the
production of ‘the third 1nterned ate polyal, the-second: internedi ate pol yol

gas ndxed wi t‘ﬁili&_&ngrﬁ’fmdc_)ﬁ:teaddi silicmal o Ohiavdwgd the aswechgat Told@IC wi th stirring

“for | hour atl\g@l )),SiMe, where Me i3irpathyl andryeres e S a5 4P di at e pol yol
~cont ai ni ng KAY EIEMSBHAMIS) was 5 charge to a 10-gallon stainless steel
dacket ed aut osilryge HIULEREY avdoluioR of hislléxate bIBEO pyjobrer distlded( 32 pounds) was
Ted to the aupdhited States Patgnt SpecifieationNo. 37411987 sdld anUon Gewbiden 5 hours. The
cont dfts of tYreOB SHEISSUIIRAL - heat ed at- [err] for..an additional *® hours to
react nearly <fifcofd B RicRitY £Eutiohiof 8 silokhfe KISk RPbISmEY didcligedi® ~ autocl ave
were then strigieédtaes Paem]SpacificationriNoH3, 741840 | suldeaspfl@seuCarbfder 3 hours 10
to renove unréabidddilipensSyrfectant’oxi de. Step 5- Then 3.9 pounds of  et'hyl ene
oxi de was ?:e &t he autoclave at [err] -114Cin 1 hour after which the
contasts of ~thsNdeastesacsyloMariR. heated at "[err]. for an additional' 13 hour and
t hen was stri‘pﬁeq for 1 hour at 16 to 11 nmof 15 Hg. .Pot assi um was
removed from HE AFIERIERTSES obt ai ned by treatment with 15 magnesi um
silicate ("Bribe Sorb") for 17 hours: -After. the -addition of 0.01 pounds of
|l onal’, the product was filt epggorapbprieriks! trate was stripped to renove
wat er. The final pol 'Z'ol product (39.54 pounds) -had the followi ng anal yses:
_Hydroxyl- n@ni§werage Number of Hydroxyl Groups Xegr 8qlyg) Molecule (Functionality) .~ Aci d. nunber
- 0.01 Wil Qi . oo (03

Al Kalo ity ) Rapis s Limiaton, e It e prhours s dioped todetermine o1 13

294 Pri mapglyursttiangsdphms. lample§oreagents and alf @qiipment must be thoroughly ©  Aver age
Tunctional fi-'tl?.“‘.’??fg@ fo obtain meaning #1 results. Foreign substances which sortgifat hy| ene

cont ent, odcactiveiydrogen groyng will interfere i o1 veq/ gm 0076 -B. Pol yner/ Pol yol
- Pr ep%at | O(2) Hraciplel Aosbries of &rhhﬁm;mé PregaredCeiibiély pradderininepr oduce the

ol r/ 3end varyi }wml ent gatigsefi thg cdiipdspanaie{TPHare Wlses apg®arin
E el gw asto caus?ga? tiget r@m cases,@ﬁlt. not g_n others. The cr?tic -gel ratio, - _.pﬁ 9
. a function of the awv : ality of the polyol.system, is ',determ_ined.by

' interpolation between the gel and no-gel sample formulations.

e oy L

L Gypparams - o |
30 - (a).Several 40-milliliter glass..vials. e ulpge_d_ with . plastic screw caps and 30
. polyethylene liners. The vials are. dried in a circulating. oven maintained
. .at110°Cfor 24 hours and stored in a dgsiccator, - .- . . .-
... (b).A 100-microliter *“Hamilton” syringe calibrated to;1.0 microliter. .

_ 4) Reagents R T P A
B ¢ (a)gDimethyIformamide. Redistilled, or dried with -“Linde (Registered Trade 35
Mark) Molecular Sieves Type 4A” or “5A”, until the water content is
less than 0.01 per cent. Store in capped bottle over ‘“Molecular. Sieve
Type 4A”. : S e
y (b) Tolylenediisocyanate (TDI): Minimum purity, 99.5 per cent by weight.
Y 40 (c) Dry Toluene. Nitration grade toluene or equivalent dried over “Linde 40
I 4A Molecular Sieve” to 0.005 per cent water or less. o .
(d). Catalyst Solution. Dissolve 20 grams of triethylenediamine in 200 ml
- of dry toluene. Distill off (azeotrope) approximately 150 ml of toluene
: . using a simple side-arm distillation apparatus. Place the remaining solu-
45 tion into a 200-ml volumetric flask and dilute to‘the mark with dry 45
' * toluene. This'solution should contain less than 0.01 per cent water.

¢

(5) Procedure : R A R o
(a) Dry approximately 200 grams of the polyol to be analyzed by stripping
. on a “Rinco Flash Evaporator” at 110°C dand <5 millimeters, pressure. o
50 «.. for 2 hours, The water. content, should be reduced to. less than 0,01 per 50
B Lt I L '



A singl e-stage conti nuous back-m xed reactor having a volunme of 550 cubic
centineters was used. This reactor was agitated wwth a top-entering radi al
propel | er and contained four equally spaced vertical baffles. The reactor

was 35 provided wth neans for heating and cooling through the side
walls. Two feed 35 tanks were used, each on separate scal es, and connect ed .
by flexible tubes to positive displacement nmetering punps. The sel ected L

wei ght ratipo of styrene, acrylonitrile and azobisisobutyronitrile was

prem xed fed fromone tank. The other tank contained t-he base pol yol ..

The two gans were fed sinultaneously, 40 ‘through an in-line m er

pri or to e t |ng the bottom of the readtnMOnear .the radial 40 propefl r\}
The pr oduct—wes—et-scirar gcu out tne &e&mdtrbmomgﬁorrwlback- -
pressure regul at or é‘ﬁ(yv"z%v 'EG mt ﬁgfﬁg&tginﬁ%gﬁ‘iloﬁmtpdm rv er@to about
35C. Procedure Initi al‘,il 7,000 G @ matw-blegsnﬁl ‘?E sea '

addi ti onal - Pol yol | \qulybhdnmmum@entwelsl“ﬁépﬂrF %92 %our o operatl on?

Prior to starting the ahalstipslbalaiee.roactor and its 45 contents were heated .- #
to [err].  Both the pol yol.. and t he monomner- % alyst ‘m.xture (e. g., 80 parts
acrylonitrile 20 parts styrene and.l.74 pa azobi si sobutyr onitrile) feeds :
were started .si rrultaneously and fe(e%l rag @rondjEpted to give- the’ desired .
ratio to yield a polymer/polyol .conposi. t| on- havi ng - about “79% poI on and 21%
pol ymer. 50 The terrger paibiust ed to 120C. “After ‘about 0.5 hour
of operation, the 50 Bof %p éﬂﬁ?fr Scnsiwltgehsdofearﬁﬁoloy‘(wsuf trigls, Pﬁ@ desired
pol yol via parallel feed systtdsrstc Af t er ng final feed rate adjustmemts;
feeds were tontinued for SCEPrﬁmt"é%ntB‘@ngt p@&%l “ection of product was begun.

The product was stripped at 1 pumber S 1, 512 710

9 [err] and one mm Hg absol ute pre§¥‘tf?’8’ ey é‘l dihe desi red corrp05|t| on.

The reacti on was begun using Polyol |, raséer than the desired-polyol _
since experience with other .polyols has shown that thi's procedure soneti mes

m ni m zes the formation of §7ajsg=eqﬁbamhrex§htcbﬂrbhg start-up. 5 - C

Pol yur et hane Foam Pr epar at i o
Pf{'?ﬁ%i% PSR RR R TR IYE o

Mol ded Foam Labor at &ﬂr)y\ds : '
,§ fdr&veﬁ@mgl ad hemmuntwfﬁé)lﬁ- excéys . &

5
Rel ease” Age 804- 07@%&’1

nol d rel eas agent a eavbymh domnulacbfmw to o P ‘e into a
beaker and measure wat emluanmcathﬁ AT “1 ‘&% > ?jg 0 elaﬁrodaaaker

Wei gh polyol and tin ¢g 24 y! dnflicceddivelq Graater and(bsslen'amomtﬂoﬂ") gallon =
carton and ce on drig mﬁ%‘gu gﬁmrm:rremmt?%rbetsetséﬁﬂm Shekeselonds 20

m x pol yol. seconds. \npbﬂﬁecaccﬂntﬁet';wbwo@y-bl ade turbine at 400 RPM Stop

m xer, renove carton and add water/am 89 sxt igye and baf fles to carton. Mx
55 seconds and stop.mxer.. Add i socyanate-and- cont| nue .m xing for 5. .

seconds. M xer ‘15 VWhJ:reEI}'.,&p grewmdf TPI 90 Sec. preset .time) and srrall

timer starts. Allow to drai erchﬁWmsl‘Sp?H‘?!er a few seconds, renove carton

and_shake several ti "[E)[A&cp S llﬁiﬁJrQoi( ! dtawsnwmoarw parakﬁphm(d)nolaﬁchn X235
4.75in.). MPd is a ace baffles in can for gclose ol d

lid. After 2 minutes (f)pTlac&mp!ﬂschrc M ﬂp}gﬁr r&ﬂ"@iﬂm qﬁf@ St 8

mn.) Derml d foam and Cﬁiﬂ?ﬁ?&ﬁe f ssary to form ate
- 30 © ' additional samples in order to.obtain an accurate critical gel ratio. The

critical gel ratio is determmed by interpolation between the gel/no-gel
sample formulatlons _

30 .

(6) Calculatzons
At the cntlcal gel ratlo

. 35
35 _

G, =gramsof TDL.
where E= fquwalent Welght of TDI (87 08)
G, = grams of polyol
By = equ1va1ent wexght of polyol

40 B H’{‘g':%d%ug?egumbet of a polyol is the number of mlllzgrams of potassmm

hydroxlde requtred for the complete hydrolysis of the fully acylated derivative



20 through roller 3 tinmes. Trimfoam and weigh. Record exit tine, foam
wei ght , 20 tightness, green strength, nmoldability, etc. and place foam
i mMmediately in test |aboratory at 50%
testing. Free R se Foam Laboratory Scal e The sane m Xi ng sequence i s used
as was used for | aboratory-scale nolded 25 foans descri bed above. The
fprmul ation is poured into an open box (dinensions- 25 14 in. x 14.in. X 6
-in.) and allowed to cure w thout application of heat from an ex%ﬁ!ﬁ?
source. Ml ded Foam -Large Scale An "Admiral " (Registered Trade (M
ntnute t ot al throughputh3|s used and

machi (capacity 40 pounds per 1?392710

|S oper-a _5 a a¥a a¥a aa~tala hao na-chi-Re g head

et ering - gfé‘hgﬂwa@@lﬁPﬂl’t‘ﬁn“’t‘heelﬁﬂr°ﬁlé&t‘m§9€d’ﬁ&ﬂ’g‘él”sdeﬁl’ﬁ‘bb)f ol | owi ng.

operating %ﬁ%ﬂ bns are eénployed: Mxing Head .Low
Pressure- Hi gh Shear M xi ng Speed, 56.pR1000 x ' 4800 35 : Throughput,
| bs./mn.. - 200HNo, = ——m—— ' : -

- #35 Tenperatufe of Starti ng Materjal s™Verr] 75 Mol d Type :

Cast Al um gyira: \ov & t@é RRRSLyP Bfmber of the polyol . 15 x 15 x [err] inches

Venti ng Four holes (3/16 in. dianeter each) at
orndrs of topfds tl‘f-’gf“(?ytmnahty, that is, average numbeyAf hydeowycaroHPa el [erf]

Varied Rel ease D% polyol - "Perma- Mol d Rel ease Agent.

804- 07SH" Dem)'rﬁlelsrﬂRa mble€ular welght of the polyol 8 45 Crush

Upon Denol d : 45 Post - Cure

None: 16 Oxyethylene Content 1,512, 710

10 STARTI NG l@ﬂﬁaﬁﬁf‘k@éwde?h%a tlcn% 58%“5% éqévr“l{r?g bel ow, them fol | owi ng

desi gnat i oDsPrddaey Hpdroky! Comdanot e t he indicated starting material 39 A

Pol yols 5  Measured by|igies red' detesmination af stsenal reactipn pf 20kl with e pol yol
produced H’)lle?yéé‘(‘?ﬂaﬁf}e 5 glycerine and propyl ene oxide and then capping wth
et hyl ene oxide. This polyol contains 85% propyl ene oxi de and 15%:et hyl ene
oxide -and ‘has an aver ageP@LYUREBTHANE ®OAM QESTPs. per nolecule, a primry OH

content of a out 73 nol e-% and a hydroxyl number of 34. 10 " Pol yol
|1 genot e¥ e bk oAUl "‘?n 98&1}49&118{&9%?&&1% affet | ”qa 10
o0l YCETI ne anagh STaBiohoOpanidscls B wbene oxide. This
- pol yol con:lneasurs o ORG gresp asatemcpto warmﬂmbliwd ee\hencmiom aand has an
cuer e o T gggmt st g e et osn ent of abou
47 nﬂl e- 0/ éil °l>f ationof suchafoam asafunctton of 20

time 1s ‘shown in Figure I. It is seen that the decrease inload is not a linear function
of time, but it appears to be more of an exponential nature. Using the load
observed 30 seconds after the 509 indentation deflection has been obtained as a
- basis for comparison, the fraction of load retained may be calculated for various :
25 times. Figure 2 shows that this quantity of retained load (AILD) exhibits a linear 25
. relationship with logarithmic time. The negative slope of this plot i is taken as a
measure of the rate of stress relaxation of the foam sample (this slope is reported as
“—~AILD/log time”). The lower the degree of stress relaxation for a foam, the
smaller in magnitude is the slope of this plot and the smaller the tendency fo the =
30 . foam to exhibit “static fatigue”. 30

B. Humid Agmg Test '
The results of the humid aging testmg of molded polyurethane foams
described in the Examples appearmg below were obtained n accordance with
. ASTM ‘D 2406. The procedure is as follows: :
35 (a) Age polyurethane foam specimens in steam autoclave for 5 hours at 120°C 35
_ . .and 12 to 16 psig pressure,
€ _ (b) Dry specimens 3 hours at 70°C in a mechanically convected dry-air-oven.
: " (c) .Equilibrate for.16 to 24 hours at 23°C and 507; Relative: Humi 1ty
(d): Determine:
a 40 (i) Percentage compression set after 50/? deﬂectlon for 22 hours at 70°C 40
: - (reported as *507, Compression Set, 7,").
(ii) Percentage loss of compression load at 50/ deflection (reported as

“Load Loss %).

The higher the “50% Compressmn Set %" and “Load Loss % values as
45 deterniined by this test, the less satlsfactory is the foam with respect to humid 45
aging. :
The humid aging test results for free rise polyurethane foams were obtained
" similarly in accordance w1th ASTM D 1564—-69

C. Mold Exit Time '
50 The “Mold Exit Tlme” is a measure of the reactmty of a polyurethane- 50
' forming formulation, In producing a molded polyurethane in accordance with the



15 "Polyol I1l" denotes a commercially avail abl e polyol produced by
reacting 15 gl ycerine and propyl ene oxide. This polyol contains an
average_of about 2.9 hydroxyl groups per nolecule and has about 3 nol e-%
pri mary hydroxyl group per nolecule and a hydroxyl nunber of 56. "Polyol

| V' denotes a commercially avail abl e pol yol produced by 20 reacting -
gl ycerine and propylene oxide and then capping with ethylene 20 oxide. )
Thi s pol yo contains 85% propyl ene oxi de. and 15% et hyl ene oxi de and has an

average of {Z)\1 hydroxyl groups per nolecule, a primary OH content of about

83 nol e- % gnt a hydroxyl nunber of 27. rrer/PoI yol - 25 _

" Pol ymer / Porya : vayl al : 5~
positi.on produced ' hﬂgm}ovaams&éyuﬁa&e ﬁfmxﬁddrvpi{m&rrcbrhponaﬂdosmyrene i N
Polyol: I. in the p Eﬁe&thebolsum@m utT %murﬂm igthposi ti on
consi sts of about ‘Pg% ':%?‘l#‘ ded E%Wt‘gl} i sts of
about 50% acryl On'% lﬁt@- w/&nfli&l@sﬂﬁ“he fold E)ut »Goimd|diffdrénce 5

30 "VAZO 64" " Gendemmnan&;salrecmlxprdpmmmﬂdwhe ;eaamty of theformdldBM. i s .
t et r amet hyl SUCCI nonitrile (a decorrp03| tion. pr oduct of VAZO) . Am ne o

Catal yst 1" denot eb. g«’@Wut l.on consistin mc 00/ ckn sglsg:(la .
am noet hyl ) et her ﬂ% @ﬁa@%@ﬁﬁEW 25 1nch mte g{i ySt l l g
denot es a sohgti onaﬁ e@n

di pr opyI ene gl ycol codtn&mmlo@x bnel eindl 'of tliembinzsﬂtavsda‘budhybdfomlspstmn -
consi sting of 33% 345

T socyatat s 40 IR %%“&E%%ﬁﬁ%ﬁ%‘i&é&m@% -

di i socyanat e 1and 20pétrearv side 60thé ﬁhmlaﬁ&&ne lied @id/@kd downstAdahll sidedBiR(floBSof A 15

pol ynet hyl ene: pol y he teid 49 i tﬂalh dﬂv@n@geremrmmst err] 45
e T e S e e
1,512,710 " higher the air flow value, _the more porou t e foam, 1 5— oél
Sarfactants "Silicone I" denotes a sol ution of a siloxane bl ock copol yrer
di scl osed i n20nit ed. Bii E&tmbames SpeC|f|cat|on No. 3,741,917 sold as . 55
"Uni on Car bi de L-5303In the Examnies appge , the fgllowmz;pmpemesrmmredm"

n,‘o J. é c%@i ﬁl% geJise foam) er ip ageprdancgn o o

denot €s a si | i cone2S9rgan

wit, ) (in :
is nethyl and where t.he o has a viscosity o Centistokes at [err]. e
"Silicone I1" denotes a bd@bmutloorluoed lkﬂ@tlbmk‘alh@”)bl ock copol ynmer di'scl osed in

Uni t ed Shat esy Pat ent. Spegificatiqn No. 3, 741,917 sol d as " Un| on Carbide 10
Y- 6608 Si{icone Surfact angrpresson ggt , . _ : 230 «
Tensﬂe Strength '

. Elongatlon
: Tear Resmtance" :
_ ~ Load Ratw (Sac Factor) _ o
S Reslhence . . - S I 30
Compression Load Deflections (“CLD")

~% Return. - - -~
P-OLYMER/FOLYOL. TESTS e
. A. leterabzlt{y ' '

35 .The partlcle size of the polymer ina polymer/polyol composmon is measured as

by this test. The composition being tested is passed successively through a 150-mesh '
“screen and a 700-mesh screen in the following manner. The screens:are cleaned,

dried and weighed before the test. A 470 gram sample of the composition bemg

tested is diluted with 940 grams of isopropanol to.reduce viscosity -effects. The :

40 . diluted sample is passed througha 2.4 square inch section of the 150 mesh screen 40
and then through a 2.4 square inch section of the 700 mesh screen. Then the :
screens are washed with isopropanol to remove any golyol dried and weighed. The
difference between the final and initial screen weights corresponds to the amount.
of polymer that did not pass through the screens. This amount is reported as parts

45 of polymer per million parts of the original (undiluted) sample-of the composition. - 45
The 150-mesh screen has a square mesh with average mesh opening of 105 microns
and it is a “Standard Tyler” 150 square mesh screen. The 700-mesh screen is made
with a Dutch twill weave having average mesh openings of 30 microns and is-

. described in. Bulletin 46267—R of the Ronmngen-Petter Company of Kalamazoo
S0 Michigan. . = _ _ : 50



"Silicone |V' denotes a solution of a siloxane bl ock copol ynmer disclosed in
United States Patent Specification No. 3,741,917 sold as "Union Carbide
Y-6531 Silicone Surfactant”. F. Mnoners 15 ~VGN' denotes————
acrylonitrile. 15 "STY" denotes
styrene. POLYCOL PROPERTIES A Average Nunber of Hydroxyl G oups Per Polyo
Mol ecul e (Functionality). (1) Purpose and imtations. The foll ow ng
iﬂocedure was devel oped. to determ ne 20 t he average functionality of

pol yol s used in the manuf act ure of flexible and Tigid 20 poly vﬁr ane
foans. Sanples, reagents and all equi pment nust be thoroughly

dried its order to. obtain neani ngflii2f@sul ts. Forei gn subst ances Mhich

cedAt ai n rea,;td-ex& Vi 85gh- groups w Il interfere. (2) Principle. A series of

fornul ati ons arhes bigAIT AChoNARE/BEY0l REAHERIIDA 1§ MeBurd® by this RAJTHEAT Vi Ng
equi val ent qoarposumnm‘cenhél fi obouamoarSdtabswpeumtoext oiﬁbe)rmmuc react ed so 25

as_to causéh dff

r8 trifpge
AR R e A e T e A

system i s lsigérahisipa@entliy tmenlbssrsfarbieai thereolmpbsntoan t he gel and no-gel sanple
formul ations. (3) Apparatus 30 (a) Several 40-nmilliliter glass

i al s equi e i t| c screw and . 30 pol yethyleene liners. The
iz\?r al s,,are e’gﬂég '@ﬁ‘e‘?rﬁ‘]‘l’r‘?f‘ﬁ'le?félg' ag digeloqd aboys 24 fpour s and
st ore in a }stﬁ&e mdgtg,;eqlﬁgne{he h@dﬂoht on" syringe cal ebrated

tolOmcroIrter (4) Rqﬁents .35 - ,Q&j@% rrethylformamde
Redi stilled, or dried wit Nﬂﬁ&@ﬂ(}f@g*ﬂ'e Jrrade 35 Mark) Mol ecul ar

Si eves Typeybhs. S | ess than 0.01 per
cent. Store rlfkﬁe q(gji Eie\the w%%%&?n?tﬁ*/g&g &%ﬁgd Ralethepdifner/ (D) - '

‘Tol yl Bnedi i socyain Ple( Tred, valehi num purity, (99.5 per cent by wei ght. 40
(c) Dry Tol uenel n&t"b@“@f’éﬁ@“t%ﬁl‘ e??é"“&?F“bE?&rR? merieol¥pli ed over "Linde

40 4A Mol ecmlgght&,&y,ﬁ,mgno 0. 005 -per cent water or less.  (d) Catalyst
Sol utiion. Di ssm:b\pelyﬁﬁr momﬁosﬁionéi Bi;dtean\eﬂi RolyoldIli to faf0 a ¥bluof dry t ol uene.

Distil] offt L4ppaixmarndhe 7 ligho (waveletgth GPQ enilimipsonsly a s rrpl e
si de- 4t m dit ﬁf‘%ﬁg?’ggﬂ" &fsdgeas'ﬁF ce the remaining solu- 45 -

fion into o .20Hmel Contdnis R Caichlafohask and dilute to the mark with dry 45
tol uene. Thi s Polymgt Pentens lsgicdlationpweraibasel @9 gedctoafieed rates pﬁrresdmt wat er. (5)
Procedure (BJ"BFY M Poxi mat el y 200 grans of the polyol to be analyzed by
tripping on a "Rinco Flash Evaporator" at [err] and <5 nmillineters,
pressure 50 for 2 hdixamplesheo 8at er. content should be r educed to
| ess £han 0, 01Exsmples &p & illpsteate the effezts of functionality (i.e., averige number of 25
1,512, 710 hyd rog 1. groups per mo ecule) and functionality - dﬁ 1butlon .of polyols having
hydroxyl nimbers of 28 and 45. Functionality distribution was varied depending on
whether or not the reaction mixture was stripped to remove water after. each
addition of KOH. The stnfpped reaction mixtures (Examples. 1 to 4). produced
30 1 ols that were relatively free of diol and so had relatively *‘narrow” distribution 30 .
f functionality. Those Examples in- which the reaction mixtures were not stripped. :
to remove water (Examples 5 to 8) cbntained significant amounts of diol (due to the
reaction of the water with propylene oxide) and so the final polyol products had
' “broad™ distribution of functionality, The starters were chosen so that the final
35 polyol products would have functionalities of about 3 to 4 and hydroxyl numbersof -~ 35
about 28 ‘to 45. The polyols. contained 7 percent oxlyethylene groups. The
experimental details relating to the preparation of the polyols of Examples 1 to 8
and their intermediates are tabulated in Tables I and. II. The propemes of the
' polyols are tabulated in Table I1I.
40 Portions of the polyols of Examples 1 to 8 were converted to polymer/polyols 40
® containing 79% polyol and 217, polymer having about 809 acrylonitrile and 20%
styrene, The expenmental details relating to the preparation of these polymer/
polyols are tabulated in Table IV. The properties of the polymer/polyols are
' tabulated in Table V. ~
45 The properties of the polyols ‘and polymer/polyols of Examples 1to 8 are 45
- summarized in Table VI,
Molded, high resiliency flexible foams were prepared with each respective
. pair of polymer/polyols and polyols using the laboratory-scale procedure described
above. The molding conditions for these foams were as described above. Catalyst
50 levels were chosen to produce formulations having reactivities characteristic of 50
typical formulations used to make prior art commercial high resiliency foam. The
physical properties of the foams prepared with these polyol-polymer/polyol
combinations are given in Table VII and are compared with high resiliency foams
. based on prior art commercial Polyol I-Polymer/Polyol I combination and Polyol
55 IV-Polymer/Polyol I combination. The amount of water in the formulation and the 55
amount of formulations in the mold were designed to give a nominal overall foam
density of 3.0 pcf.

¢



(b) Weigh the prescribed anmount of polyol as determ ned fromthe formnulas
shown below into each of 5 sanple vials. For polyols with equival ent

wei ghts.af 1. 000 or greater a two-place pan balance will suffice. For

pol yol s with equival ent wei ghts appreciably | ess than 1,000 use a 4-place 5
anal ytical balance. 5Ep & = R(87.08 + Ep where & = grans of polyol R = T
estimated critical gel ratio, e.g. 0.67 for basic triols, 0.50 tetrols, W,
etc. 10 : Ep = equival ent wei ght. of polyol = :

10 hydro number x 1,000 56.1 87.08 = equival ent ‘wei ght of TDI. (c) Add

15 m of ~di met hyl - f or mam de ( DVF) tl%lfﬂﬁh vial and swirl gently to,

af f ect tRhe sol utdon-ofthe-polyror 15 - : s R g—a— —_— -~
four-pl ace-bal'ance {The generaljbifaey, of thdholyblendlervlanstrusfurel@riations,-i.c., Airenyl | bed by >~
the fornul a bel ovpumberteguivgient Wg}gbﬁ)iaﬂ%%'agcf%%%‘m. yqté‘..f“tsgﬁ@“g}tgf&g‘;{g‘g);&°§pl ly when .
hi gh equi val ent - g% OHPVEET PEIPE™ELT. G Mg desish) U MBS SHERSYEY "o TDI is
1.2196 granms/m'll'iTiter at.[err]. To-the other vials.add increnentally and -
successi vel y5 gr edteResiliztcy propetiesa(as measyregf byppercent ball rebound) 7y excelleg| |y $10 -
m | ligramincrenent ' '

gnd,cpmp %’1’3_% ifg;r%. : Wdr ' gg‘ et compgreial, Y Yl
conpl et e- sol uti on. &ﬂly@%‘fp%l- ere = glrIams.- 8 W(&D-: grams of polyol 25

(e) Add 0.5 nilli(b) Elestation lbinbdefladtioh yaltiesaerditd insreagef indepermignthprithiiolipl t 0 each
25 v al . (1), The sabykedt el v ool e vy et  aty
room temper fure foP iy popeng: BN AL AT SR T bt VAl COn-
dition of the forrrugaz;ﬂ X2 Polyol 1Folym Ineabmandy The 159 ratirataiudd

addi ti onal sanpl es kaml adeatios arosimiama moawi;ilﬁtte the fantreh foagchasedaen o, The
30 critical gel rat Fs prigr ybRalyot]-RelymesPolyatlePpBdfid®on bet ween the. gel / no- gel
sanpl e form ati ogp Tesdld stréhgfhll bBhdaBO akd teﬁhﬁsiﬁﬁd&"p?&ﬂertﬂ:ﬂenﬂ@& debreads€r ] 835
35 where [err]=granas ee Mydraxgr supsber) and/ ssleeage fvietigatityodt thépoly¢l SireréiBys.
[err]=grams of pol.ydhes erappeiyganemiivanpeards bmpervedior pelyolspith the nggroHy droxy |
Nunber - distribution of molecular functionalityto some extent. 740 The
hydroxyl nunber ofg) Top@kersitn setvafubEimptovh £ thHydroxylini@beratd Hleragefudetiinum
20 ality of the polyol increases. C T

20
(e) Humid aged compression set values i;ndprove as the average functionality of - .
the polyol increases. Humid aged load loss properties tend to improve as e
‘the average functionality of the polyol-increases and exhibit a substantial :
: improvement as the polyol hydroxyl number decreases. This occurs without
25 . ‘an adverse effect on the humid aged compression set properties. - i 25

The rates of stress relaxation for the high resiliency foams prepared with the -
olyols and polymer/polyols of Examples 1 to 8 are also listed in Table VII. The
oams based: on ‘polyols of 28 hydroxyl number (Examples I, 2, § and'6) exhibit
.- slightly improved stress relaxation properties as compared to the control foam
30 based on prior art Polyol I and Polymer/Polyol 1. Graphical representation of these 30
rates of stress relaxation is shown in Figure 3 where a comparison is also made with - . .
‘a molded foam prepared with a conventional, “hot-cure” formulation. Con-
siderable imiprovement is also noted for the foams from the polyols dnd polymer/ .
- _polyols of Examples 1 to.8 when they are compared to the foam based on prior art = -
35 Polyol 1V 'and Polymer/Polyol 1. . - .- -~~~ . -~ - U
I Examples 1 to 8, the polyols having a_‘_hydroxtyl. number of about 28 and an
‘average functionality of about 4 (i.e., the polyol of Example 2 with the narrow
functionality distribution and the polyol of Example 6 with the broad functionality
. distribution) appear to provide high resiliency foams with the best combination of
40 humid aging and stress relaxation properties. Hence, these polyols were foamed on 40
' the low. pressure/high shear Admiral machine according to the .conditions :
described above. Molded foams so prepared with these polyols exhibited good o
reactivity, excellent green stréngth and appeared to have a more open cellular '
structure at demold. These foams could be demolded five minutes after pour with
45. no apparent green strength' deficiencies. The physical properties obtained forthese = = 45 |
machine-prepared foams:are summarized in Table VII A and exhibit similar trends o te

35

as observed for the bench-molded anms of Table VII'.'_
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is the

pk€nonenon of "static fatigue" in a polyurethane foamis related to the
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stress rel axation:properties of the foam :.n.the Exanples appearing bel ow,

a neasure of the stress relaxation properties of nolded,
~foans at anbi ent tenperature is obtained by

&ate of |oad
“deflection f

| oad rel axatdjop of such a foamgas a functi ol

1t is see
it appear

A

30 seconds affter the 50% i ndentation defl ect

basis for:co
vari ous 25

([err]ILD) exhibits a linear

negative slo
rel axati on Qf
tinme").. The |
i n magni t ude
30 foam t

pol yur et hane
4 n accordance
pol yur et hdhe
12 to 16 ®BiY
- grechani cal§y:

[err] ang $09
. . é g
3F-
)
=
g
-s vt
N
=
-
2
A
e
»
zo
=
-
- B
: o
m

ecrease:necessary to maintai
r a one-hour 20 © ‘period.

That the decreas€ in load is 1
to be nore of an exponenti ake

varison, .the fraction of l|oad r

times. Figure 2 shows that th
25 rel ati onsky

of this plgt is taken as a ng
the fqam sarple (tigs slope is
ower th%.dggﬁeenof LIRS v el ax
i s the sl ope™6t V't hi s~ F1OF "ald <
0 .exhi bi:t "st:atic fatigue". -

f oans described in the Exanpl eg
with ASTM D 2406. The proced&

T Rt i D 0

30 B. Humird Agi ng Test The results of the hd

a-$goi ndent atj.on
tymlagplbt of th
of 20 timedSysh
ot @ linear functl
natdwe, -Using the
| @L g8 obtai

_ hi gh resiliency
determning the tinme dependent

oad

p stress or
DWn i n Figure
bn of ti ne,
oad observed
hed as a

et ai ned may be. cal
isguantity of:ret

Fulated for
i ned | oad

p V&gl logarithmcltime. The

asigE2 B -tdhe rate
atigon for a foam
he@gul l'er the ten

C wamo 2 ; .
m d aging testing
agpeari ng bel ow w
e J$38as follows: 3

f oam speci mefs [i.n steam autocl gve#or S¥Mour s at,
pressyre: “(B) Dry sheringns 3 |hours at [er B Vre
conveft®d ¢ ¥-a0r - ovRF =8e) vEqi 'pat exfor 16 to
H%Imiyejﬂmj@}y.(d)[ktmwnnggg=8¢m PoE
Sl s, S
=3 O~ O . E C
[y U = D~ o .
g 2 283,98 ~| - +5 90~
— <"-4...'O_ P AP % ﬁ'sﬁ _ :.
. ~ OO vy f
: : OIS . . ! !
.—lhﬂ'v-f\ozs A ;
) .f;' :
) _“g o :.m -
B N @ .- @
.. . PR T =] < T B :
2 @& g-m@ g :
- 8 g% g BE® E &
Loow B e B g &g B g
S R R LoW® g w - - B
RO SRR TN R - S Beg .8 e Dl b )
Cogled oo e L g8 PLES . B88P 5= S0
§.--””--§: e AR e Q@ P AR AE 2T » 4E
wE B 5 oa B e B0 B - [P = o 7}
A wgw-;) <00 S g.ovEn B Lo E9n e ;B B2
cn Ly a8 L g0 .ed L Egefd .¢3 EF -3
B X O - E‘-_- » .~ Z.E:'-fﬁ,.e.s.u v 3EE S @ Ew S®o 0o
C 8 JSEE EfaE. o ogoieEdEg L te.sgdsg @p3T
g ngHa @ g - O 2 &l s By S T
gl zeze B852 8 £EFanS £ SEcAnS L£ELEE
Al AB0E Araa & f - _

f stress

reported as&$perq] LD | og

he smal | .er
ency fo the
bt ol ded

pr e’ obt ai ned
b (a) Age

err] 35 and

X

24 hours at




40
at [err]

"50% Conpression Set, %). (ii) Percentage

% and "Load Loss, % values as 45

(i) Percentage conpression set after 50% deflection for 22 hours
40 (reported as
of conpression |oad at 50% deflection (reported as "Load Loss,
hi gher the "50% Conpr essi on Set,
determ ned by this test,
hum d 45 agi ng. The hum d aging test

| oss

% . The

t he Iess satlsfactory IS the foamw th respect to
results for free rise pol yurethane

The "Mold Exit Tine" is a measure of the reactivity of -

f oans yvebt ained sinmilarly in accordance with ASTM D 1564-69. C. Mld

50 formng formulati ont sﬁrmpr oduci ng-a nol ded -pol yur et;gane :

@, gLz, LY

i n accor daficewthr—the——44—
14 Exanpl es appearing bel ow, "an |socyanate is mxed vvlth ot her component s u
of the fornulation used to produce the polyurethane at tine [err]. The
formulation is then introduced into the pre-heated nold and expands in the
nol d. The top of th¢ nold has smal | vent hoI es. At tine [err] the fodgm has
expanded to the: extént that gt ey 5 981 begins g3eese put of thg vent
hol es. The "Ml d Exi|t Ti.rfe" ‘Ts"t“h@"'drffe’r“e'rlchS betvR & er¥] and [¢rr].
and is directly: pro ortional to the reactivity.of the formul ation. -D. '
Porosity A pol yuret iane foam speci'men of 0.3 inch in thickness is
conpressed between {wo pi eces of fl.anged ‘plastic tubing having.a:2. 2
internal diameter. This 10 - --assenbly is then inceyporated, as a
conponent in an aift flow system Air at a 10 contror'g’etgvel ocity enfers
one end of the tubi ing,” flows t hrough the foam speci RERED@<eZi t s 't hr dugh a
restriction at the fower end of the assenbly. -The pressure drop acrogs the
foam due to the res{riction of:air passage is- measur ed by neans of ap
inclined cl osed nangnetér. One end 6f the nanoneter i's connected:to {he 15
upst ream si de of th¢ foam and t.he ‘ot her,..end t'o the downstream side. The -
flow of 15 air onefhe upstream |$"ag:m,u ed to ain a fefenti at
pressur e across’ t he|speci@en oﬁ%g(%fﬁr ncé?bﬂ%ﬁét&er a@ﬁgecﬁ&r GBéL bf t he
foamis reported injunits of air flow per unit area of specr nen. (cub c feet
per mnute per squage foot).- The higher the air fl.ow val.ue, the nor ej por ous:
is the foam 20 E. O her-Test: “Procedur es.

20 I n'the Exanpl es @ppeari ng. bel ow, the foll owi o™
i n accordance wigh ASTM D1564- 69 (| ntige. ase of f
accordance W t h. STl D24d% c;; n"“tﬁte\q:asee g{;lged
Def | ection ("I LDE) - . iConpréssion Set
25 25 Tensile: St@en th El ongatr on Tear Resi stance .

i nch
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Po(taeéiurtt.hydm-xid'e,- t‘lake, grams

Temperature, °C. .-~ -

.. Stirting time, hours:
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. Temperature, °C
*~Potassium hydroxide, grams

- Pressure, psig maximum
" Polyol from Step 2

Feed time, -hours
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" Propylene oxide feed
Temperature
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Potassium h
* Time, hours

3

Pressure, mm Hg
‘Polyol from Step 1

- Propylene glycol, grams .
Step2

‘Glycerine, grams, - .

E

Step3. . .

Bxatnpt‘e No._



Load Ratio (Sac Factor) 30 Resilience

30 Conpression Load Deflections ("CLD') % Return POLYMER/ POLYOL TESTS A.
Filterability 35 The particle size of the polyner in a

pol ymer/ pol yol conposition is nmeasured 35 by this test. The conposition
being tested is passed successively through a 150-nmesh screen and a

780-nmesh screen in the follow ng manner. The screens are cl eaned@ and

wei ghed before the test. A 470 gram sanpl e of the conposition bei ed
is diluted with 940 grans of isopropanol to reduce viscosity eff he
40 thluted sanple is passed ttlt i 51 a 2.4 square inch sectlonw—the
15Q_smesh screen 40 anmd—then—thredgi—<a—2-4 square inch_section oft9t he 700
-mesh screen. Then the screens are washed with i sopropanol to renpve any
pol yol, dried and wei ghed. The difference between the final and initial
screen wei ghts corresponds to the anount of polyner that did not pass
through the: screens. This amunt is reported as parts 45- of pol ynmer per
mllion parts of the-ofiginal (undi luted) sanple of the conposition. 45
The 150-nesh:screen- has a square nesh wi:th average mesh openi ng of 105"
microns and it is a "Standard Tyler" 150 square nesh screen. -The 700- nmesh
reen is made-with a Dutch twill weave. having average nesh openl ngs- of - 30
m crons and:is descri bed in Bull et| n 46267- _R of: the Ronm ‘ngen- Petter
Conpany of Kalamazoo, -50 50° - MChI gan. 15 4 .-
1,512,710 L - 15 B. Oentrlfugable Sol'ids The
stabl I|ty of a’ pol ymer./ pol yolgcorrp ?gmﬁ s measured by this-test. The
- conposition is centri f-uged f og abo§ urs at ‘about 3000 revol utions per
m nute and 1470 radi al centr|§ ugal -5,"@' [S‘,_@ ce.” Then the centrifuge tube is
inverted and 5 al l oned t@ dr aswﬁ!g@““ pour hours. The non- flowi ng cake
remai ni ng at the bottom of the Etﬂaﬁ'ﬁgjreported as a percent of the

initial wei ght of the corrp03|g| on &E 88 SThe | ar ger . t-hi-s pericent is, the
| ess stable. is the' .conposi td on. v‘l’-!g Number (|) Measur ed: This is

t he val ue- obt ai ned exper| menthl | y ﬁs%g Esed above 10 - ‘under Pol yol
Properties. = '~ g5 ~2gyelad - 10 (||)
Eal'cul ated:” This is" the val u@®bt ag" egj%-_o?;p t. he equatl on: " OH:No.= (OH
No)[err] x. [1 - (WF)[err]] V\Age‘-t“e': @%‘q ot he- hydr oxyl number of t he
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20 transmtted by this solution is measured.
20 E. Pol yner
based o
25

aver age nunber of 25 hydroxyl
di stribution of polyols having hydroxyl .
di stri butio as varied dependi ng on whet her .or not the reaction mxt
was strip

reaction'ywx¥ures (Exanples 1 to 4) pr
relatively fr@e of diol and .so had relﬁgg&pﬁe "parrow' distribution.

oner contents.

groups per

0 renmove water after each additi on of KOH. The stripped
pol yol s that were

Contents by Cal cul ation Polymer content calcul ations were
Exanples 1 to 8.
" Exanples 1 to 8 illustrate the effects of functionality (i.e.,
nmol ecule) and functionality '
numbers of 28 and 45. Functionalityg

ure

functionality. Those Exanples in which the reaction m Xt ures were not

stripped to renmove water (Exanples 5 to 8) contained si gni fi cant anounts of

diol (due to the reattion of the water with propyl ene oxi de) and so,the
final polyol products hhad "broad" distributi oﬁ of .functignalityg Thj* _
starters were c encé'b that the fimal o35 L polyol ﬂprqdijcts YOoped have
functionalities ap@uit SReR 4 -apﬁ:jw@rg)xyl.,,n: gr..'shofooa\@%a}oﬁtﬁﬁit to 45.
The pol yol s contained / percent oxyet hyI ene groups. The experi nant al '
details relating ffo th® preparatjon of e pol.yol s of Ex8 | es to{8 and :
their internedi dtles ek Pa!ﬁ)ulcateﬁ,ome es lodtg || "The,a)ﬁapegtlg of the
pol yol s are. t abul jat e n SREBlEo i d S oS S “’“‘"‘POTTFGH’S%*%"‘@'P) ol s of
Exanples 1 to 8 re eonverted to gol ynmes/ pol gols 40 containi ng 79% pol yol
and 21% pol yner avi gy aQout. 80% agr y! etril é‘ and 20% stygenes Jhe
experinental deta) | sa&l §<P 210 t'ﬁel peebar a@—@_qj g@ggg)glf;lmjmpol yols -
are tabul ated in Tabl"e I e pro ertl es :of the .pol yner/pol yols arg :
tabul ated in Tablfe V. &5 Tge pr o erties of the pol yol s and

pol ymer/ pol yol s '0f Ex:a,krpl es 1,

to 8lareRa@5: sy

drel zed $ ngBbie W 2Wbl ded,

hi gh resiliency f} exH& eﬁ%&mnvﬂetﬁnphgpﬂr ed-nwwﬁ—e-ach-'-ﬁesmec-twveﬂpcur of
pol yner/ polyol s anhd pol yol s using t-he laboratory-scal e procedure degcri bed
above. The mol.ding cgngitions for ghesg foams apere as de%crl bed above. -
Cat al yst 50 pveBsTwer e chos:en"‘t.‘.’o @Jduceqorrml atj gesXhavi €,
reactivities char actarSsN%o(g '?’ fBSIQEH | e Qo«n&kae prior
. PO MO O T
art commercial hiph Fesi i éncy f"oam e phy5| “cal. properties of Yhe f oan
prepared with thepe oiyol poI ymer pol coniy natg ons ar@mgl vemd4n|Tabl e
VIl and are coﬁ‘.’rpared tkpgngh reqsblleé‘(g/ ‘Fog,@s Qa's,gd DN preor FV §:
comerci al Rel |- 8By Kt AR Yof =i € &b nabl—m—-ﬂldm@b%" SEhe R 23 8
| V- Polyrrerl@ln/ol I COITbI nati on. The .amsunt ° ofo wat er in the formulat]i on and
the 55 anpuatSof| fowml ations in the &mld WEI"E aemgrlgd t.ls q:ve ::a,.,rom' ngl
over al | foam-dgns ty"od‘, FOJRL, e 1659 w“"n° oSl el 8.
1,512,710 g ReETIRe S Gntis Té'“i‘ﬁ‘é"@é’r‘i"e?‘é'l°§f‘“f‘éé"t‘§"qf the
pol on nol ec_ulgr ;truoﬂure vari atl ons, |e ~ hydrioxyl nunber (eq@ valient: g
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follows: 5
rebound) are excell ent
comer ci al pol yol -
). (b)
wi th pol yol hydroxyl
iJfoanB prepared 10
functionality of about 3.5
to the contro

pol ymer/ pol yol

10 exhi bit | oad

f oam based. on the prior art Polyo

Eﬁi @nd | oad ratlos are simlar pno

conbi nati on. The 25@6return va
compatlable to the control foam!
N<Pol yner / Pol yol | conbi nati on.

tear resistance properties t
- average functionality of the.
appear to. be inproved for 4¢

@functlonallty to sonme extentf.

- hydr oxyl

i ncreases.
. CONpr essi on set val ues i np#(
i ncreases. Humid aged | oad
functionality of ‘the polyol
‘as the polyol hydroxyl numbeg
adverse effect on the hum.d
rates of stress. relaxation f
pol yol s and pol yner/ pol yol s
VII. The foans based on poly
6) exhibit slightly inprowed
the control foam 30 bag
G aphi cal - representation of
in Figure-3 where a conpari s
with a conventional.,  "hot-cl
al so.noted for the foams f¥d
-1-t0o 8 when they ‘are conpar 4
IV and. Ponner/Ponole
Exanples 1 to 8, the. ﬁblyoli
average functi onaI i ts' cof ~ ab
'narrom1funct|onalrtyﬂ Rstrit
br oad functlonalltyég trlbL

t:

nunber and average

with the best conbi on of
properties. Hence, the&e pol
shear Admral- nachrne“accorc
f oans so prepared wth thesd
green -strength and appeared
derol d.. Thése foanms coul d e
no apparent.green: strength d
for. these 45 machi ne-prepar
exhlblt ‘sim-lar trends as- of

Examples |

end to ‘decrease

pol yol&i ncreass
ly@gs th&m:n

(ﬂzﬁimwﬁgﬁ

functlon-

ve:ﬁg,ﬁ%e ayenag
osYBEPEe &St
i ncreases and ex
r decreases. Thi
agetizcaBpr assior
or 4BEBrAC S|
of Exanples 1 tdg
ol s of £8 hydrox
stiEssSrel @yl

ed REITZEC A3
these 30 rates

on is al so made
re" forful ati on.

(c) TenS|Ie strength

(a) Resiliency properties (as neasured by percent bal

5 and conparable to foans prepared with the current

combination(Polyol | —andPolymer/Polyo

I ndentation | oad deflection values tend to increase |ndependently

nunber rand average functionality. H gh resiliency
with polyols of 29 hydroxyl

nunber and an average
bearing properties QN abl e
| - Pol ymer / Pol

eIongatlon and
15 as the hydroxyl nunber and
S. These properties generally
arrow di stribution of nolecular
n set values inprove as the
ality of the polyol
: 20 (e) Humd aged
e functlonallty of the pol yol
tlend to i mprove as the. average

hibit a substantial inprovenent
S occurs-mrthout_ZS an
set properti-es. 25 The

i ency foams prepared.with the
8 are also listed in Table
yl nunber (Exanples 1, 2, 5 and
on properties as conpared to
Pol yol | ‘and Pol ynmer/ Pol yol |I.
of stress relaxation is shown
with a nol ded. foam prepared
Con- si derabl e i nprovenent-

m t%gg@lﬂ Oﬂsggimd pol yrrer/ pol yol s of Exanpl es

d thsehe %ﬁm&)ased on prior art 35

hav qga hydroxyl nunber. of about 28 an

9

uttﬂb
uu%mqﬁﬁﬁ«@@o
tion) appear to
40 S humi d, 3
yol3ZwE g fggmed
i N &6 & RS sl
‘pol yol s "exhi bi t
to haveda nore.q
déngERE fRes
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Pol yol

- 35 1In
d an
pol yol of Exanple 2 with the
l'yol of. Exanple 6 with the
provrde high resiliency foans
gi ng and stress rel axation

on 40 the | ow pressure/high
tions described above. Ml ded
ed good-reactivity, excellent
pen, cellul ar structure at
inutes after pour with 45.
physi-cal properties obtained
marized in Table VII A and
ench-mol ded foans of Table VII.




17 1,512, 710

17 18 1,512,710
18 _ 18 19
1,512,710 | 19 . 20 .
1,512, 710 : | | 20 21
1,512,710 .. o _ 21 = 22 W,
1,512, 710 : 22" TABLE IV Prepar ation of
pol ymer/ p, s Pol yol of Exarrpl e. _ 1
2 v.al Propert i es (anal ytical), ge Functi onal | ty _
545 3B THSPIVARTY * lgplanel; TP O _ 2270@;
63 58 Oxyet hyl ene, % TABLE IV 8.09 5.65
5.74 Reaction Conditions Reaction T%‘ﬁb’é?‘%&f‘ﬂf@ly"e’/wlyds :
120 120 12 Tinme, mn. - . o o, 12
12 12 VAZO Ca. gr‘lﬁﬁgf/\kg g/nﬁl n total jped _ —— -1- — I%A_’l 3 0.41
0.41 Mononer + VA,ZO(;}O(;@ g,ms (agalfﬁ:&g % - L : 23. 4 23.2 23.1 ®
Rati o of Acryl oni+tt ‘Feed, by wt 80/ 20 -80/20 -80/20 B
Pol yol Feed Rate, - dm¥chge Functionality L _2105‘ 45 2836 2381 _
Mononer - + VAZO Pee .Rat : R - 641 644 - 2 . =
I 70 ; _
Product Wi ght, n?' %”’d’g’r‘y‘_mle _7 STl s 2740 84 oo |
total, gm =~ - Oxyemylene,% _ ' 7803 9286 | 11, 209Vht &r6sal Bas ance,
% _ R Condi - 99.8  99.7 99. 7 Resi dual : ;
Acrylonitrile, o ReactionCon tions L. 1,94 1.81 2.13 Styrene, %
0. 28 0. 29 0. R2ackMBNempéramre, o~ - - 120 120 0. 1B
0.18 0.16 Oonversmns Acryl onltrlle % : S - 89.5
90. 1 - 88.3 Residence Time, min. - . _ : 12 12 - 12 )
' ' VAZQ Conc., wt. %m total feed 0.41 '0.4_1. 0.41
: Monomer+VAZO Content in Feed% B 23.4 232 23,1
. Ratio of Acrylomtnle to Styrene in Feed by wt o . 80/20. 80/20 80720
Polyol Feed Rate, gm/ht . oL LT 2108 '_ 2130_ : '2131". s
. Monomer+VAZO Feed Rate gm/hr - ) o 641 - 644 642 - ' _
"~ Product Weight, gm/he . . .. . . 2740 2764 - 2766 .
: " total, gm B N T _7803- 9286~ 11,20 .
’ Matenal Balance,% e T - : '99 8' 99.7 -99..'_1 _
. Residual Acrylemtr_lle,% ' RS '_; o 194 1.81 213
Styrene, % i oL 0:28 029 032
CTMSN, % . 05 018 06
Conversions, Acrylonitrile, % - © T 395 901 - 883
'  Styrene, % - . 939 . 937 930
Combined, % . 9.3 908 89.3
&



Styrene, % 93.9 93.7 93. 0 Conbi ned, %

90. 3 90. 8 89. 3 23 1,512, 710

23 TABLE IV (Continued) Polyol of Exanple 5
6 7 ‘8 Pol yol Properties (anal ytical) Average Functionality

3. 68 4. 07 2.99 4.18 Primary Hydroxyl, nole-% 75
|63 60 47 Oxyet hyl ene, % 7.29 6. 31
5. 63 6. 72 Reaction Conditions® Reaction Tenperature, [err] o~

120. 120 120 . 120 Residence Tine, nin. @ 12
12 12 12 VAZO Conc., w. %.in total feed 0 4%- 0. 41
0.-41 =230 40 Monamer + VAZO Conteh$12fP Feed. 9% 233 23.5

28-4  23.1 Ratl o of Acryl oni tTABL® tvac&iaseeme i n Feed, by wt. 80/20

80/ 20 lg %/2 Pol yol - ‘Feed Rate, gnihr _ _ 2106
2102 gyo" o3 FA%rhononer + VAZO Feed Rate, Sgmpnf 7 8 641 . 646
648 Product. Wei ght, gmhr S 27ed 0 2741
2762 278 olyg}iP AfpertigGnslyticay” = 15,085 110,401 . -7955 . 9736 Materi al
‘Bal ance, %, ' ©100.7 9.7 9 8 Resi dual
Acryl oni trlﬁverag%funcﬂfnallty o 177 38407 %fg 238 11 Styrene,
. % - Primary Hydroxyl, mole ~%). 25 0. 26 79. 31 63 0 330T|\/BN] w. %

0. 16 0. 10 0.12  0.10 Conversions, Acrgll onitrile, % :

90.3-  900gvetwless. & ' g3 4 Styrene, % 631 5063 _679'4 5 - 94.4
93.3 QSRQCMI,@@@“S : 91.1 - 91. 4 .89.4. 89. 3

24 1,512, 710

24 TABLE VRPF‘H';?EITP‘P%%”HF t1§0I yrrer/ Pol yol s szfoynerllz'lbol yé?o Frm Pol on of
Exanpl e Residence Tlme thin. 3 fp Tot all2 Pol XZA bYZ Cal c., %

16.80 16.80 16.47 16.48° Tot al Poly S by Calc., %

4.41 4. 3?’AZO4‘0321=, wt. & mgotgifeed Pol ymer byO-6hl c 0.4 0,41 040~

21.25  21. ty at |
3239 34933",%““"?1“915?;‘20%%4‘3‘?“ 5?%?: Lo, [CSH%JI at e?pp B C%;l

22 75 22 ®atio GHA@HoniBi%e @’Lsmsmngd bywt 80/20 80/20 'Esp/zo ‘80/20

Fol® PPN e e e
’ ' Monomer + VAZO Feed Rate gm/hr . 641 646 . 648 .. - 643 . .
'Product Weight, gnhr - a6 w1 262 2782
3 o total, gm - . 15085 10,401 7955 9736 .
Material Balance, % . el 100.7 997 - 99.'6. ..99.8
-Res:dual Acrylomtnle wt % L 177 . :.1_,74_" o 2.13 211
" Styrene, wi..% . 025 026 0317032
 TMSN, wt. % - 016 000 0.2, - 0.0
- Conversions, Acrylonitiile, % L - 90.3. 90.6 : 88.5 8-&4_
e Styrene, % . - T 945 944 . -9.3;3,;?:;-93.0.
~ Combined, % | oSl 9L4 .._8'9.4_-_-";-8_'9'_.‘:3}




150 Mesh Screen, % Through 100 100 100 100

Solids on Screen, ppm 7 4 7 3 700
Mesh Screen, Tine, Sec 278 280
278 201 % Thr ough 100 100 100
100 Solids on screen, ppm _ .+ 18 9 18 10 A
Centri fugi bl e Sol i ds _ 1.68 1.87 2.50 1.78 “J
i-nged) Pol ymer/ Pol on From Pol yol -of. Exanpl e _ 5 -
2\ 8-Total Poly A by Calc., % - ; . 16. 91
16. 44 Total Poly S by Calc., % . ' 4,43 '
24 33 Total Pol ymer by Cal (1512‘%) - _ - 21284 -
20.73 Viscosity at |err], fmﬁp{,er C S 3691 x-et
5181036Hyg20)é)6| %Ngs rgg perLes gfq%lymer/Polyols ' '
35 POfmer2Holyd) P Polyol ¥ Example S 2
- tefabllrty;, 150 Mesh Scree Yo LOr ou S )
10 °ta{P‘Ll)l_?5éJb§ “llld’s&on Screen, - ppm ﬁ% % o8 TQ 9 9@48 - _
5 7 4 TioRi Meslsvpwergw Tine, Sec, 4.41 431 434 4.40 o
200 274 - 195 - 199 % Through - - - 100
100 100 . 100°wbPelmerdy Celenden, ppm . 225 2017 W81 2988 17 *
? 10 174gent rif Wo@éx@ §Q§dcdsloeppler, ops o _ 3239 3498 1 1&93 194975
25 TABLE VI A SUW%S&Q{- dPRCPERTI ES OF POLYOLS AND Y%%R’%;%Eégs Exarrpl e
1 2 4 4 Polyols Target Properti ( yl gg
28 o8 . " ZB° 45 Equival ent Wi ght 31 *
2000 1250 286 Hver age Functionality 0.1 OlBZ 0.01° 0.01 4
3 4 F“nCt'm%tuYtyD' _st_rlbutlon ) Narrow - ‘Narrow Narrow
Narrow Cappi Ng.- 150 Mesh Screen, % Through = /70 Et hyl engyoOXi fé,e 100" - 100
(2) Anal yti cal Pr opﬁelidslom:Sc(ea) pb@l yol s ‘Hydr oxyl” No.7 .- A
28.9 - 29. 5 °°M§§§5f°°n-44 9" Funct i onallty “ore .. 3.45
3.86  2.99 Phidgh Bl Y. Hydroxyl S, m)l e- %- 100 fg@ %g \____201 63
58 51 . _Sohds_on screen, ppm _ o 18 .'_ 18 - '10 ' Y
" Contrifugible Solids, - . . Les 1 87 2.50 TR |
 TABLEV (Contmued) o |
Polymer/Polyol From Polyol of Example N s 6 7
Total PolyAbyCalc % © 1691 17.09 1666 16.44
“Total Poly:Sby Calé., % °~ - - 443 446 439 433
‘Total Polymer by Cafc., % - . . 21.34 2155 21.05 2073
Vlscosuy at '25°C, Hoeppler, cps C - 3691 3676: 3 .:1497' ' 1806 _ .
HydoxyINoi: =~ . . e e
-~ Calculated - s S © 21,90 21.86  34.86 34.60 :
Measured o _ _ 21.75 22.66 35.06 34.70 '
. . . _ : >
Water, % - R _ . 7.001 0.01 001 . 0.01
Filterability, _ : o . _ . )
150 Mesh Screen, % . : e
. Through : 100 100 100 100 -
Solids on Screen, ppm : : 7 5 7 4
- 7T00 Messh Screen _ : _ .
- -Time, Sec, . _ : - 200 274 195 199
% Through . : 100 100 100 100
Solids on screen, ppm - o 12~ 17 8 7

. Centrifugible Solids - L . 180 075 110 146




Vi scosity, centistokes at 250C 1294 1471 619 763

Pol ymer Pol yol s Hydroxyl No. 22. 75 23.2
35.2 34.8 Viscosity, centipoises at [err] 3239 3498 1453
1749 (Hoeppler) TABLE VI (Continued) Exanple '
5 6 7 8 Pol yol s Target Properties Hydroxyl No.
-.\]%/8 : 28 45 - 45 Equi val ent Wi ght ' 2000
000 1250 1250 Average Functionality: 3 4
3 4 Functionality Distribution - Broad . Br oad ad
Broad Cappi ng o 7% Et hyl ene Oxi de Anal y&'_ Al
Pr-oper®j . 1,512,710 27 8 S_29-1
4415 43.6 Functionality .=  TABLEVI 3.68 4.07 2.99
ff. 18 Primarw Sﬂwﬂlmxsl?rspmmtmﬁ? OF PJ(:)LX%LS ZﬁD"POLYr@ﬁE/iPOLG@é.SS 60792- 47
i scosity, i,.stokes at [err - _ . ‘92
Pol yner / Pet f’gﬂgﬂ—"féts*y' Ne- f 2 324#'5% — 22.7
@5. 1 ‘3Phlybl 3T &g PrdpyrticE @Mt I poi ses at [err] 3691 - 3676 1497

1800 ( HoeppiRikyit Notes to ‘Tabl e )l (1) Thg armq@t s ofsstarting materials
‘enpl oyed i nEqQivaltdcWaghtt he pol yol s ofpod=xanpl ezpod t Q26 weiposel ected to
&esul t i'n pbteage Fudrtipnatigy t hese ("ta get") prépertides. (2) This arrow and
the -arrows E‘i‘l‘?‘f‘?‘i‘é"%t’)ﬁ%‘f’ *F9Bl es i ndi t hatN4rie® Alssemt Y materi al s

pping .. o ylene. .
and/ or reactiron>conditi ons shown f Qxide £°¥i r st _Exanpl e or QX@?I‘I ment were

al so enpl 2 Lib 16 npl es or experinents through which*the arrow was
dr awn. (Wﬁ properties of the polyols produced in the Exanples

as deter by analysis. = 26 : .
1,512,710 HydoxylNo. =~ = = 28.9 ZGLSTABEBES VI k4 ORMULATI ONS AND
PHYSI CAL P%E}ryﬂ"% SE. POL YLRETHANE A50ANS (L%%ﬁoratg@"y S%-lﬁe-zPrepar at |3 ons)

Exanpl e Viscosity, centistokes at 25°C 1294 1471 619. 1 763 |
Pol yol Properties(Analytical) Hydroxyl No. o
28.9  2%Peolmper Polgolgs Average Functionality SR
3.45 3. SifydroxylNe99 ' 22.75 23.2 352 3438

'Viscosity, centipoises at 25°C 3239 . 3498 1453 . 174¢
_ (Hoeppler) : ' ' o
€

"TABLE VI (Continued)

& Example ‘_ L ) -6 78
' Polyols Target Properties o . ,- o
Hydroxyl No. 28 28 45 . 45
"Equivalent Weight - - . 2000 . 2000 1250 1250
Average Functionality 3 4 3 4
.Func_tionality Distribution. .- Broad Broad Broad Brad
Capping - .. : . ..~ 1% Ethylene ' Cohe
: : Oxide

3

Analytical Properties -

Polyols S _ _ . _

Hydroxyl No. _ 218 2917, 4405 436
Functionality _ 3.68 4.07 '2.99° 4,18

_ Primary Hydroxyls, mole—% - © 75 63 .60 - 47

. Viscosity, centistokes at 25°C 1464 - 1441 645 - 792
s Polymer/Polyols ' e o S
. HydoxylNo. . . .. 2175 227 . 351 347,

Viscosity, centipoises at 25°C 3691 . 3676 1497 1800

9 : (Hoeppler) ' . ) L

Footnotes to Table VI

(1) The amounts of starting materials employed in producing the polyols of

Examples 1 to 8 were selected to result in polyols having these (“target™)

properties. z

{2) This arrow and the arrows in the other Tables indicate that the amounts of

materials and/or reaction conditions shown for the first Example or experiment

gere also employed in the Examples or experiments through which the arrow was
rawn.

(3) These are the properties of the polyols produced in the Examples as determined

by analysis. .



Functionality Distribution

Narrow Narrow Narrow

Formul ati on, pbw(l) Polyol | 60 Polyol IV
60 Pol yner/ Pol yol | 40 40 Pol yol of Exanple
60 60 60 Pol yner/ Pol yol of Exanple 40
40 40 Ami ne Catal yst | ~ 0.10 0.10 0.10 0.10
0.15 Anmine Catal yst I 0.36. 0.36 0.36 0. 30 5
0.36 Ani ne~Catal yst |11 0.30-" 0.30 .0.30 0.30 - :
0.30 Db { i ndi'| aurate 0.015 0.03 0.03 0. 03
0.03 Sil N . 1.7 1.7 .
1.7 Physieal _ﬁooeru es I\lhl d Exit Tine lélino B0 536 L
63 - 64 45 Density, Overall, pCfrABLEvn : 3.00 2.93 2.95 HAF
2.99 ; 3.00 Cor eFORMSLATIONS AND PHYSICAL PROPERGTES ORPODYURETIGNE FGAS . 2. 73
Porosity, [err]/mn/[err] (Labomuy Scale 12,8;,955“0,,5;4 4 17. 2 11.7
Resiliency, % bahkm{pgbound . 65 4. 64 - 359 | LD
(Ibs/50 [err]) 25%— ' 038602416 42. 6 »
43.2 65% L Polyol PropertleS(Analytlcal) "105.0 . 95. 4 106 7 111.0 113.5 25% ..
Return, % 82.2° 79.7 .-.83.6. 82 8 Lo Rati o _
2.63 2.65 2. ogdomNe, 2 63 Tensile Strength, p:]§|84§ ?”8? ﬁ%s 23.2 o
26.0 ° 20.5 18 Buncnoniﬁ)tym:&han@au on, % . Narrow Namow  DNefrow 197
143 122 . 124 Tear Resjstance, p!:| ' 2.20 2,65 1.41
1.28 1.68 75% Set, % 8.0 109 80 7.6
7.9 Hum d Aging (Bolhﬂs at [err] 50% Conpr essbon Set % S 17,20
21.8 -+ 16.0 - 13. °1y011)1|,%l joad Loss, % 28.9-0 13.6
8.7 .6.6 .'ZSPﬁ%g ﬁEIeStress Rel axat i R, 4[)err]GbLD/ lgg ting
0.072 0.085 O. OE(ﬁymer/ﬁ’o% of EXdmgflé2 = 27 - 40 . 40 . 40 _
1,512,710 ' ﬁ:me gatﬂyst%l . 20-IPABIOHOV| 0-10Confdhued)1Exanmpl e
4 5 Gmi:: I '8 Polyol Pr opge%btl iﬁo( Alg yti 2 ) igr oxyl
No. . Dibutyltindilatéhed ~ 27.8  29. olots 3150.0343. f.oAvergge _
Functionality - Slhconel 3.78 3.68 4307 1.712.99.7 4.18 Furictionality
Di stri:bution : - E,r ow,. Br oad - Br oad Broad Br oad For mul ati on,
: sic ) - _ . : ST
pbw(1 ). Pol yol 1 : ' e e T >
- - "Mold" Emt.Tlm_e, sec. 60 55 63 64 45
Density, Overall, pcf- 3.00 . 293 295 299 3.00
Core; pcf " 2.66 2.60 2.62 2.78 2,73 )
Porosity, ft'/min/ft* . --149. 28,5 144 172 . 1.7 - -
-Resiliency, % ball. rebound ' 63 - 64 65 . 64 . 59 '
ILD (1bs/50 m') - o
%% U400 36.0 416 426 - 432
. 65% - 1050 954 106.7 . 111.0-, 113.5
- 25% Retum, % 822 797 836 .- 82.1  83.4
.Load Ratio -:2.63 2.65 2,57 260 : °2.63
Tensile Strength, psi 23.2  26.0 20.5 18.3 ° 20.2
Elongation, % 154 197 143 .. . 122 ... 124 -
Tear Resistance, pli 2,20 2.65 - 1.41 ‘1, 28 - 1.68 .
- 75% Compression Set, % 8.0 - 109 8.0 7.6 7.9 ..
Humid Aging (5 brs st 120°C. S e
50% Compression. Set,% - 172 218 160 1317 1903
Load Loss, % - : 289 13.6 8.7 - 6.6 - 257 :
. o
Rate of Stress Relaxation, S '
— AILD/log time 70,072 0.085 0,066 _ 0,065 0.072




Pol yrmer / Pol yol | Pol yol of Exanple 60 60 60

60 60 Pol yner/ Pol yol of Exanple 40 40 40 40
40 Amine Catal yst | _ 0.10 0.10 0.10 0.20 0.10
Am ne Catal yst | 0. 36 0. 36 0. 30 0. 36 0. 36
Am' ne Catalyst |11 -~ .0.30 0. 30 0. 30 0. 30 0. 30
butyltindilaurate 0. 015 0. 03 0.03 0.03 0. 015
Lsrrieone | .15 1.7 1.7 2.0
. Physical Properties I\/bI d EXit Time, sec. S 53 67@ 61
- 37 52 Density, Overall; pef 3.02 2.91 2.95 02
1 3..06 Qmwe, pcf 21387102 71 2.66 _ 2.76 P74
RoposTty, Terr[7mn/Terr] - TABLE\&S(CQM,,N;@ 9 12. 4 14.5 - 22.0
" Resiliency, %iball rebound . 62 @7 6 63 1 69 63 I'LD
(1 bs/ 50 rm F 2504 — : _ . AP 375 A7 45.5
41.0 65% Polyol Pmpemes (Analytical) 125 8 '100.0° 108.5 117.0 130.5 25%
Return % 83.7 - 2 83. 0 Load Ratio
% 62 2. epiowiieg 257 2. 56 gns@% St Gapat hf“g&?su %‘%13 | 18,1
18. 9 18R ot aitt) Distributibf. 1 EI ongaNmemv Bfoad Broad Broad = Broad 98 . 130
124 121 ear Resitance, pli oo -.0.98 - 1.42. 1.00
& 25 Ow)reSSWn Set, % | 6.7 9.6 . 9.3 7.2
6.6 Hunid pAgidig (5 hrs.at 120C) 50% Conpressi-on Set, % ' - 131
. 17 1 16P&1yollv17 2 13.4 Load Loss, % R 22.8 2.3
' 24 lyme 1Y81 at e of Stress Iaxaglon [erdILD/(,Iogtlme
0 069 fEx 1969 ?5 mJI aﬁd ons @ont ained 2.6
parts by V\m aﬁﬁ@ ar an cont ai nedoheocy(amateoho( 106.28 ndaxip. - 28
1,512, 710 Amine Catalyst Il 0.36 036 28.30ABI'8:3¢/ | A-For nul ati on and
Physi cal | gﬁdl%%tr f Pol yuret hane“i%g) g%‘}arg% égcal Es? %gtl ons) Pol yol
I ¢ con@ 1 . 6 Hydroxyl @n; ery4analiyi cabyp- 1.5 - 34
29. 15 29.14 Functionality (anal ytical) . 2.6 .
3.86 Pllysoc2l Pwpertitonal ity Di stribution . PBroad
Nar r ow ornmul ati on, pbw PoI ol 61 0 sy
60 Pol ymer E@%‘%ﬁfﬁif - 3%)2 2o 29540 %_&er-s.os_
_ Core, pcf B 273 0 271 266 276 274 .
Porosity, ft*/min/ft? : 23.0 339 12.4-7 145 - 220
Resiliency, % ball rebound 62 67 63 - 60. ' 63
. ILD (lbs/SO m’) . B _3_ oy
25% .. o 479 379  4L7.. 455 . 410
. 65% . . 125.8  100.0 1085 +117.0 - 130.5
" 25% Retum, % _ 837 83.9 . 83.2-. 832 840
‘Load Ratio 2,62 2.64 2,60 . 2.51 2.56
Tensile Strength, psi 18.1 18.9  18.6 "20.4 = 16.1
Elongation, % . - - 98 130 124 .121 87
- Tear Resitance, pli RN 0.98 1.42 1.00 1.25 - 087
75% Compressmn Set, % - 6.7 9.6 93 1.2 65,
Humld Aging (S hrs at 120°C) " ' LR
50% Compress1_qn Set, % S 131 174 161 17.2 0134
Load Loss, % ' . 228 23 7.4 247 228
_ Rate of Stress Relaxation, o .
o — AILD/log time © 0.069 0.069 0.067 0.069  0.070

m All formulal:lons contamed 2.6 parts by weight water and contamed Isocyanate
o 1 (105 Index).



Am ne Catal yst | 0. 10 0.10 0.10

Triethyl ene Diam ne (Solid) 0.12 - -
Am ne Catalyst 11 - ~0.36 ~0.36
Am ne Catalyst Il _ 0. 30 0.30 -~ 0.30
Di butyl tindilaurate _ " 0.015 0.03 0.03 -
Silicone I1I1I _ , . 0. 75 - - <«
Silicone |__ " - I g . 17 1.7 N
| socyana ) 105 | ndex Physi cal :
Propertigg ‘Wbl d Exit T| me, seconds ' 55 51 :
53 Density, awerall, p,c.f o - 1,512,710: 2.95 - 2.97 3. 01 .
core, pcf ' " 2o A B VIIA 2.73 "2.73 Porosity, A4
[err]/mn/[err] : Resi liency, %-
bal | rebound .. . Fommnlation and é‘ys‘ga‘l ’;"e’é‘és °*8"°§Y“’°"%”?°%Et‘5‘(| bs/ 50 [err])
25% Grge Scale Ffgpaptions) 39 9. 44,9 65%
111.8 105. QPolyol 118 5 25% Return - ! Ex2  Bx6
; - 84,2 Neaet: Bk Q. 1 K 15 2914 2.63
. Hydroxyl r Cidhly feat) - 34 29.15 29.14
2.63 2. 64 Telruhétnadty @h@yflcadpsi . - 26 386 23.4l07
20.1 - 21. 5 El dhgalonadiy Dipeitedet : Broad Narrow 1 5Broad -
134 130 Te rRes1 stance; pli o - L1.55-
1.17 . 1.15 758 Bﬁf&g&uonsa % | 8.3
8.0 8.3 Humi Bolpgli f,g (5 Hours at [err]) 50% Ginrrp'ressmn Set, %
18.0 - 123 Polmer olyghd Loss, % J
29.0 8.4 iﬁcﬁalﬁage of Stress Rel axatl orb 1({ err]d hp/ I 0%, id me
. 069 . 063 ;gethgﬁﬂe Diamid® (Solid) - . 0.12 : ~1,512, 710
2 Exanples 9 to 2 "&%@Y#Ng sor bi t-ol -started pol of E%farrpl 0.3 (29
hydr oxyl number arftpinf %ﬁ?’é’f%é‘ functionality) provi%@d f oah® wi t h0-3h-
excel | ent conbi natul&@lmd,laﬁratess rel axati on and hungghsagi ngoPr opes.si es, thi S
starter was selected to investigate the 5 effects of polyol equi val ent
wei ght (hydr oxyl rﬂﬁ’ﬁ%“ry over a rather narrow rand®’ 5 ofz prdr oxﬁé nunbers
(i.e., 26 to 34) |n°E'>l<arrpIe39to 20. Since no S|gn|f|can di fference was’
observed between tikeygeieyol s of narrow and broad diostidebut-ionof gverage e
functlonalltyln Exanples 1 to 8, the pol yol s of Exanples 9 to 20 were nmade
with a broad di sﬂ‘!s Pwpertidol yol s with a broad functionality distribution
do 10 not - A SLrippi ng procedureg or an ydrous ot assium
catal ysis and so ﬂebityaf,&,ﬂgggﬁ y produced by currisgg proglyrct | on33(?1 &
t echnol ogy. Hence re.spcta 10 and 11 were condutz ed tb? r oduzes pol on S
havi ng. hydr oxyl rﬁﬂﬁ?e lrﬁ 6 tdo 34, 'using sor bést%l aslst e. st?rl er, 7%
et hyl ene oxi de” as ILS‘&,,’;%;, % pall-reboun B
' 25% o i 425 - '399 449
. 65% o © : . 1118 :'105.0: .-i-.--11-8;5-'
.25% Return . S _ L - 842 o =
Load Ratio" ' o o 263 2.63 2.64
Tensile Strength, psi - - 23.4 : 201 e "_.21l.5 |
Elongation, percent ) 152 - - 134 ... . 130
'}‘ea’r Resi_sf_:gn;ce,pli. . 1.55 17 115 .
75% Compreséion'Sét % _ - 8.3 8.0 ‘8.3 <
Humid Aging. (5 Hours. at120°C)' S : . s T _ &
'50% Compression Set,% I Ty S T S TR O
Load Loss, %~ B T X | § 84 . 113 .

Rate of Stress Relakation
-A ILD/Yog time : _ C 069 063 .064




the cap and broad distribution of functionality. Exanple 12 was simlar to
Exanpl e 15 10 but with 5%ethylene oxide. Steps 1 to 3 for the
preparation of the polyols of 15 Exanples 9 to 12 are shown in Table VIII.
/Sers 4 and 5 are shown in Table I X. The properties of the polyols are
~shown in Table X. The fornul ati ons and physical properties of nolded, high
ﬂégjliency foams prepared fromthe polyols of Exanples 6 and 8 to 11 are
given.in Table XI. Wiliz- 20 « ing the fornulations presented, ~
foams were produced.with thée usual 20 nolding conditions given g
foanms tgnded to be less tight as_ltj]g, fyydroxyl
reduced— r-y—6

he—f8rmul ati ons

t—Tabl e X Va§iEhe Srisitolitihed fes i ' faam |_properties based
gn pol yol %bggéﬁghmﬁﬂgié ) iﬁ%&@ﬁf&ﬁ%&%}@?&i

hysical
| bép“ i %“pﬁg;ﬁm d 25 be

briation .
made w t h rrelsstivmandinsnid kigingprepertiés; thisatarteewgyaclected foyinvesiipateyhted t hat f oam

25 | oad- beeﬁbﬁﬁ@%%g&)ﬁ%ﬁv n el gro ﬂnaﬁgg)-%rf%aﬁhqugﬂwi%:l ol esjuival ent
eet opts (BT e SUBErep el ol s R on 'and o
resi st ance apérageefubétdalite ROELaghp C_lﬁ&%?ﬂie,gb_ty_ s P BRImpE W 1830 Weke VI ghts _
(hi ghﬁ{ hy dnagg théatl;ng?d@gtr@%g%fr-ol;g dsmhyli;m{lguﬁtl)ctggq%mghiwéﬁggedl Z;[rpre_ss;]?n
set vdl ues %?!b géi‘f Sggﬁgd ggc rrent p ?ﬂf)ﬁé ec Epﬁio . e I va . wel ght,
the hum d agedichén Exhaflss a0 48 1 Eatdbdnductod T Sro@IEE pGlyol? GHARE NO

pr ogr essi v diygroxyd ngmbaxs frdbm 2€to 39 dsing borbiepl nathé staxter)®e] @hyléne(okidgher hydr oxyl

nunbefs). t &t‘ﬁé{?@ﬁdi Hntio Pﬁfes%ioné%? piml2apapemilartoEspnplset t er f or
porvel o S AT o T e LA o rsnunver
of 30 and JAopsfiies of the FRlyokk Afe mlefig_.- 0 26357 . Thus, series of
pol yol s wer e i¥heléormulahonstany Ipbysalopriopkaticsoof tnuides, higlopasiliesioy féansnd 35 with

ei t heg, hydPEEPaIed i ?30136#“? plex® an | asegiven in JableXI. ditiligy dr oxyl - nunber s
SIS s e
content. ShemBerbf palydls wa rédueedpSingaheivenge Rhctiodaitpol thopolyoRlusdaxanpl es 13 to
20 are. shovmthenfoml?eﬂ#t' nyof Talde ¢ sV‘tmeC_h 'stsctanogﬁsmbsomffifwnira_ “@;ﬁx' 1. The
propers s AR TR PR T

40 Pol yner iqalbysng prsHericd iIRPeARER abEcddwith Sowes b¥Rb1Seqlifval a&@i’é‘s 9 10 20.
Jhese prepdhgher eplyolanraxzbuimttess)l Innaddaioh.ceongetian endXdéhr refis@ngar oper ti es of

the pol ym%ﬁ?:’f%qw 5&%‘?“{‘;?%@%{2%@@%%@ e(laﬁlvr }D;%rwﬂ nuphe properties of
the (8ol yol Snathibrel b} th Sﬁl@%@ t Weight AL I ?% ida lobE valldedihiogt> 3. N9

ydr oxyl - nglmbmgnbeéorﬁ) bgr iva?(fion\saityttMpayo% hlﬂ%m nmi b:&(ﬁggf:enf’ are SSOWH
1n 45 TabRErogyxnuirhe -nIWWSQ 1 Stngss\re. pwapesr torbe brttepfokyol s vari e
from0 to dyziie:f:é%ﬁagém APt o i Prace D DY Yne o de (0 to
7 perddent by Twisgedigs obisdtsbldwaire madeiwith@thynd dikleCohteAPI6EE 0 61ingh regd | i ency

f oam f or muWgh piter yalsexl] omb2rsOf ghiowt 9H(Exsatples 12%a36)ws Byliroxy] mwibetsat e T hese.
pol yol / pol gﬁ?'ﬁﬂﬁiﬁ?k@mmﬁgﬁw tr;véowum;.tlhylg%s e ooutent.he . anount of
silicone sqrmﬁ@x I?ﬁltaps d aﬁfék nﬁfgﬁﬁyﬁ?@k{g&e 4

Kig
lg% B 0. suitable
- foan®0 For stove ip@hyieXreont ai ning no et er apprng, stabksp  foans

coul d not be foelgols mereteparnd| framt the @plyoln of Examples B0 X. Faeseent by wei ght
et hyl ene o&?ﬁ%ﬁ@ﬂ%ﬁ%?@m%a%Hﬂ?eﬁlﬁé‘&“{?@ﬁg&fﬁed 'si gni fi cant
surface vol dSThelpf e80f thep 15@ ardQpblymeYBoIfolor BaMEREL Blo f¢/Rivkal |evels with
t he @l yol ingbydrexyl ppmtss of about 30ragd fﬂrﬁwetl_i’ylxspﬁéﬂﬁon P ';mlsg’mn'iﬂ.t hyl #e oxi de
cappi ng. - Tﬁgm’gg@g gggfggﬁggggﬁgggfﬂglw oﬁgwgﬁg tegtgpar able. The
sI'i ght di f E4ah 8 G spirlgl A kfbitel Medac bk SARLAY pestite tioﬁ% Ibihge properties
*may be att pbvtl)otm r tvas ﬂsktﬂodya_ilﬂaﬁitﬂﬂe?dydlﬁpo mer o‘?mernagﬂls. AsREdwnGhal it g/o of the
e XX, the sn%Pq urfacta gﬁggj
bés e_s?.)O! yolx%hbl)eéé)aﬁg.g?ﬂltﬁe%folyo cgg;cmpgreig :ga ylenu_e@onﬁjn e syemptAprepdre MRy g

or et e capping, stable foams
could not be prepared. At the polyol capping level of 3 percent by weight ethylene
< oxide, stable foams were produced, but they contained significant surface voids.
- Excellent molded foams were produced at typical levels with the polyols contain-
55 ing 5 and 7 percent by weight ethylene oxide capping. The physical properties of "~ 585
* these foams were comparable. The slight differences in tensile, elongation and tear
resistance properties may be attributed to- the differences in the average
functionality of the base polyols, as given in Table XX. Based on these data, it may
be concluded that for polyols of average functionality greater than four, at least 45
60 mole 7, primary hydroxyls (5 percent by weight ethylene oxide capping) are very 60
desirable for the preparation of suitable molded, high resiliency foams with current
formulations. : '
Similarly, the effect of varying the ethylene oxide capping at a hydroxyl
number of 34 was studied in Examples 17 to 20. The foam formulation and foam -
. 65 properties are shown in Table XXI. The data in Table XXI lend support to the con- 65



be concluded that for polyols of average functionality greater than four,

at |l east 45 60 nmol e % primary hydroxyls (5 percent by weight ethylene

oxi de cappl ng) are very 60 desirable for the preparation of suitable

nol ded;—fmrgir resitiency foams W th current fornulations. Simlarly, the \
effect of varying the ethylene oxide capping at a hydroxyl nunber of 34 was
studied in Exanples 17 to 20. The foamfornul ation and f oam 65 . \/"‘
propertllE are shown in Table XXI. The data in. Table XXl |end support to.

5 30 : " 1,512,710 -
-reached above in connection vvrth Tabl e XX and extends desrsr abl e
range of\gfid@ry hydroxvls to 35 nole Ael®BB8t  The higher functio

pol yol s prepared emstohséaéuadaﬂovpormﬁtcneﬁwhmﬂexxwﬂeemmmgalrleraagq those &
of Exarrpl es 9- 12, of phimary ydﬂ;ﬁylamﬁszmylerped:med the huy

sensitivity sof the rﬁ?F gt efrﬁ‘ §’ °lyg_qyplas’f"% rjd"ﬁé ée °x§§though :
the 5 pri n%ry hygERiRGy of Ofodidd ades the¥YOm. WRASUgBURe ent - 5~
comercial highr J}y t;m ismmeechawctlltnerll@rp@ﬁm@hhlgfet hyl ene = .

oxi de) each of tht@sleén ' dl% erperh qHylgne pic ty a
eé: de)nced by the|R° gt%:l @%l ﬂg%érr c%°8? rgitw&y a‘sl' ?%@% qééfﬁ?e\rl)lar)a/tt| zn

of Pol yol - I'nt er medr es 9to12 Step1 .- - Step-3 .
Aut ocl ave charge, Ibs. Sorbl toI (70% aqueous) (ay.. -~ 25. 17
Step 2 product.- .- S TABLE VIII R oo 20 Stri ppi _ng

data Tenperature, [ e_r I‘] Prepatatron of Polyol Intermedrates For% £F a:uIZE mm :Hg

18-20 Tine, hours o Pot assi u dr oxi de
(Fl ake)” 013 (B 513 S“é’?t op—a cw«@tg?ﬁ_ '
Propyl ene oxi de, AubSiave charge, tbs. - 67 4 T T8
Tenperature, [er r]Sorbltol (10% aqueous) (a) o '. 11525. 17 ST 2 .110.
Pressure, psig maxsmpzpmd“"t_ - . B9 _ 0 61 Feed
Ti me, Hours Stripping data . 10 Cookout t| e, hours
2 Analysis of CrudEenSbnammoeG Pol on _Hydr oxyl - nurrblér T
394 m “"AF“IE Bnity, %KoH . 1820 . 0.13
0.061 Viscosity, ’ gtg‘,“de (Flake) - o 01313,; 356 (a) m)val ent to.
17.67 1 bs. of dry sorblt (b) KOH-added after 3-hours stri ppi ng peri od »
and d| ssol ved for 1 hour at [err] (c) KO—I d| SSO|SF§’dzI n- starter for 1 hour
Feeddata  .° . - .. SEDIE RN o
Propylené. oxrde lbs TP, S .'__67.4 e _,75 - : -
Temperamre, °C SRR 115 - - 110 o . :
Pressure, psigmax. - - - . . . 5§97 oo - 61
Feed Time, Hours = : ' - 10
Cookout tnne, hours - N o 2 :
Analysrs of Crude Smpped Polyol oL o
Hydioxyl number , S 394 0 o 0 792,74
Alkalinity, % KOH . - S Lo 043 7 -0.061

V1scos1ty, cks at 25°C =', S _ 12’356.

(a) Equrvalent to 17 67 1bs. of dry sorbwol AR ' _
(b) KOH added after 3 hours stripping penod and dlssolved for 1 hour at 125°C.
(©) KOH dissolved in starter for 1 hour at 125°C T S



31 1,512,710
31 TABLE | X Preparation of Polyols Exanple

9 10 11 12 Step 4 Autoclave charge, Ibs. Starter from
Step 3 of Table VIII 18.0 21.0 25.0 21.0 Potassium

hydr oxi de (flake), |bs. 0. 25 0.17 0.19 0.24 Agitation
period to dissolve KOH, hrs. 2 2 2 2 React or
't?ﬁperature to dissolve. KOH, [err] (1) 8-131
130 130 .~ 124-130 Tenperature during propyl ene oxide feed, [ ¢4 :
110 . 110 110 110 Praq ne oxi de feed, |bs. "

63-0 - 3! 54 0 54 0 58 0. Eilﬂ'ﬁmm essure. psig At

5%~ 54 - 60 61 Fee®AREEixd, hrs.

9.5 10 17 - 10 .Psep@pbkoeftPopelsi od, hrs.

- 7 - Egample . 9 7 Stripping period,0hrs. 11~ 12 3
3 . - S 3 Stripprng tenperature, [err] ' 110 110
&10 iif’é—s"t,r PRL pressure, nmi Hg - 20-24. 20
20 c‘&')’eﬁc ; f&qgﬂﬁmé vig . 180 210 250  4Pe09 322
. 35. 04 31Po4é3s1&h|h?dr¢:d’ldet(‘ﬂake%lm'| 0.25 0.17 = 0.19 0.240. 25 0.24
Q.22 %ﬁ%ﬂg@é@%%@%& *gél de added, cé&'s 2 2 3140

990 ide, ed.te r at C i e 110
110 1%2231,;&9,“!55@}1@,&9“@9@@ fee% gerl ggﬁ' HO 124-130 2.67
1.83 : - 1,50 Maxi mum pressure,uqo5| g 110 -110 _ 110 44
51 4§r°vylene %zdeéefékwet period, hr 540 . 540  58.0 175 .
1.25 L perind. 4ed” DLP i ppi ng peri od; hrs o fg . %5 1.0
1.0 CGokoutpenéld, BrsStTi ppi ng t enper at ure L‘;er r] o 7 _ 110
110 1§@ipping peribd, (it 1 | ppl ng pressuBe, Blﬂ] ' 3 20
20 - gmppigg%l i‘g % e product reé Puer edill bs. 110 0. 8L09
69.0 pxyln gnge5| um silica @oﬁddea 2l bs3504 3148 1.62
1.37 1Axk6hmty %KM Agitation periodp2brs. 0.24 0.22 0.22. ' 9 .
9.5 8 Reactor tenperature, [err] _ - 86- 90

- 84-94 - 85533 93 | onol added, | bs. S - 0.016
0.014 0%%%32: gtimgye@fgﬁedtlf%ségt%og peri ?}i&p hrs%ggo _ ?;(;(5,0 | ﬂf{“ . 25
15.5 feeC vered, : . 75.2

lene e fe eri : : :
o4 3 copniene oM R T 0 ToG s, L L LS 3

a2
‘3 L 3Cobkoutpeﬁdeh1rsl ppi ng tenperat ums [er n]25 075' 20 99-102 .
-06- 108 STBO“S 1:"“°$G’(95 Si&i-ppi ng pressife . - .10 12-15
- 18-20 56 ?“gmeg‘;mé ned product , ecoveé d, Iﬁg B P 0

57.8 P ancbedered, bs. 81.9 . 69.0  74.7 77.8
Magnesmm silicate added, Ibs. . 1.62 - 1.37 1.46 | 1.56 ...
Agitation period, hrs. -9 - 95 ] -8
Reactor temperature, °C - .86-90 84-94 8095 93 .
Ionol added, 1bs. _ _ . 0.016 . 0.014 0.015 0.016 . .
Filtration period, hrs. . .25 15.5 16 19+ .
Filtrate recovered, lbs. _ . 75.2 - 642 683 - 72.1 -
Stripping period, hrs. 3 3 3 3
Stripping temperature, °C L . 99-102 96-—108 100 100
Stripping pressure, mm/Hg : 12-15 1820 20-25 9-12

Refined product recovered, Ibs. _ 721 571.8 .56.2(2) 69.2 .. .

(1) Sparged nitrogen up through umt to keep KOH suspended
@ No apparent reason for low yield.

TABLEX
_ : Properties of Polyols ) :
% Polyol of Examples _ - -9 10 1 - 12 .
~Product analysis: _ ' _

Hydroxyl number - . 2.3 2979 3312 29.81
Acid number . © 0.005 0.004 0.003 0.004
Water, % 0.03 0.05  0.04  0.03
Total alkalinity, med/gm 10.00005 0.00012 0.00007 0.00007
Viscosity, cks at 25°C _ 1737 1494 1331 1496
Primary hydroxyl, mole % . 67 67 57 53
Average functionality 4.04 4,37 4.86 4.38
Oxyethylene, % . 7 7 7 . 4.8

Unsaturation, meq/gm 0.096 0.071 0.053 - 0.075



(1) Sparged nitrogen up through unit to keep KOH suspended. (2) No apparent
reason for low yield. TABLE X Properties of Polyols Polyol of Exanples

9 10 11 12 Product anal ysis: Hydroxyl nunber

26. 73 29.79 - 33.12 29.81 Acid nunber

0. 005 0. 004 0. 003 0.004 water, % . . .

0. 03 0. 05 0.04 - 0.03 Total alkallnlty meqg/ gm S S

0.00005 0.00012 0.00007 0.00007 Viscosity, cks at [err]

1737 N4 1331 1496 Primary hydroxyl, nole % . . 67
?1786 ) 32 “EE’,hA}/(’a\[‘age functional i }%2710 - . . 4.04 _ §2 37

. - TJTTORYyCT ||_y| CTTTCY IU P BN T D o0 B . LA i o
7 _'4. 8 Unsat urati on, neq/ gm : TABLEXI . 0. 096 0.071 0. 053¢
0. 075 32 - Prepatatlon of Polyurethane Fofh{kZ 710
32 TABLE X| Preparati on of Pol yur et h@afatiol 3fMBol{oY@Hi Ny.j ONn of Pol yol O—l No.-)

Pol yol : . Control (QH No) - Polyol 1 ..
6 8, Byl {9 11 ( d23l (29, 14) (43. 62) (26. 73) (29 79) e
(33. 12) Forrrul at {OBNo) pbw Pol yol . . Polyoll 6 .8 960 10 . 60"
60 60 B0 Polymer-Pol YO' e @ae @Ry a6y e 3492 -
W0 a0 0 vater Go- e (b aerclee Gy
0.10 0.10  Fémdl@tion, pl 10 : _O._l(_)_ - 0.10 ‘Am ne Cat aI yst I I _ o
0. 36 0.30 . % - 0.30 0. 3§0 - 0%0 Amﬁge Caial ys%@l LI
0. 30 0. 30 .30 © . 0.3{g - < 0.,40 D Qutyl tindil rate

L_Pol .

0.015  0.03 wieD1s "0.03 - 0.0 % 083 s Mcone" 2N

1.7 1.7 E'Catalystll 7 . . 1.70.10 . 1.0710l so6y@nat ®10 010 'om

105 | ndex Physj c& PEOPF es I\/bI d Egv’% Ti rBem seg%ds 0.90 . 033 g}) 00

52 60 ne Cataly IDenS' ty, ral lp;3Pcf 9.30 .30 |
3. 06 - 2.98 B;bB@ltmddaBra@e? core, p0f015 003 0.015 2. @63 O(B 640 03 2. 74
2.63 .2.58 - Bliemeborosity, [err] ﬂp/%ﬁr (17 16,87 173.0 17 22.0
29. 2 26.5 - P9YEYELi |iency, %b oI 62 662> 63
66 64 PsichilbhiARs50 [err]) 25% - ‘ 43.1
43.7 510 - ﬁ'—%—e——&e—e 4 65% S 1140
118.0 130.5  WMA5ER: Timk08Bnds 114 9025% Bet um 5% 60 6l 63 8L0 . o,
84.7 84.0 Basily, overlB pBf - 82.73.00. 3.00  3.06 298 295 2970 .
' -core, pef.. 268 - 2.64 274 263 258 - 2.61.
" Porosity, ft‘/mm/ft2 ’ 16.1 23.0 22.0 29.2° 26.5.. 21.0° :
- Resiliency, % ball rebound 62 - 66 - 63 66 . 64 - 69 L e
ILD (1bs/50 in? - - S . S o
25% 0 7 431 437 510 420 430 464
. 65% A 1140, 118.0 130.5 " 105.0 ~108.0 ~ 114.0
" 25% Retum,% St . 810 . 847 840" 826 - 83.0° 827
LoadRatio - - . 265 270 2.5 250 = 251" 2.46
“Tensile, Strength, psi ©  23.5:° 19.3 ' 16.1 7.8 142 1420
Elongation, percent. 151 121 87 . 118 - 94 - 87"
‘Tear Resista.nce pli. - -, 1.82° 1.12  0.87 1.36 0. 99 0. 83

75% Compression'Set, % . T8 1.5 66 89 80 Ts -

_ Hurmd Agmg G firs. at 120°C)

135 00134 136, 120 - 123

50% Compression Set, 9 . 18"..9 )

Load Loss, % 25.3 5.5 22.8 49.2 9.2 ~ 119 e
Rate of Stress Relaxatlon _ : R ' ' _ -
~AILD/log time ~* .72 066  .070 070 . .,.064 - .065

- % made from polyol h sted in same column, preparatlon summari zed in Tables v and XV '



Load Ratio 2. 65 2.70 2. 56 2.50 2.31 2.46

Tensil e, Strength, psi 23.5 19.3 16.1 17.8 14. 2 14. 2
El ongati on, percent 151 121 87 118 94 87
Tear Resistance, pli -+ 1.82 1.12 0. 87 1.36 0. 99 0. 83
75% Conpression Set, % 7.8 7.5 6.6 8.9 8.0 7.5
Hum d Aging (5 hrs. at [err]) '50% Conpression Set, % 18.9 13.5
3 4 13.6 12.0  12.3 Load Loss, % 25.3 -8 5
22.8 9 2 9.2 119 Rate of Stress Relaxation -[err]I LD/l [?Qirre
. 072 . 066 . 070 . 070 . 064 . 065 * made from pol on [sted in
same_@&3l um; prepar ation summar il&éA70n Tabl es |V and XV 33..33
4512710 TABLE XII - 33 TABLE XI| Preparation of
Pol yol Intermedi ates For gsiaios st Bolyd ttefledi@posite Step 1 Step 3 Step
3 (e) (repeat) Autoclave c;h,qxrj;ggnplgs%mﬁpr bi t ol (70% aqueous) (a)
25.17 Step 2 _ %ﬁn °6btf 20dPot assi um
hydr oxi de (fl ake ' 3 0. n ata
Ql'grrperat uré [ﬁer%] . Sgp}f?é‘\g%?pqm]??%c) l—% o7 -
20 Tinme, hours : 3 Feeelp_edata o
Step 2 Pr ogyll ene- o>é|l%<sa | bs. . -0 67.4 75 75 _
"Terrperat C 110 - - 112 . 112 Pressure, psig
@E(t’ep ;Cﬂ?(;'fbg aQueous) (2 57 &5 g7 §p Feedgtine, hours
13 16otassium’ Hyﬁro@ﬂemlé) time, hourst3®) 0.13(c) . 0.13(c) 3 5
7 Anal ysr s of crude str.ipped product Hydroxyl number
378 %ﬂ;@ data 93 83 85.65 Alkghjnity, % KOH
0. 085 il gD. 276 0.262 Visgosity, cks at [err] o
8.731 Tine)Rdtrs 945 942 (a) 3Equivalent to 17.67 |bs. of dry
sor bi t ol - H)% KOH added after 3 hours stripping. period and dissolved for 1
hour at [€& ata(c)- KOH di ssol ved in s8R &er for 1 hour at. [err] (d) High
al kal i ni t W@S‘Iﬂ?étggb@&ause of resi dua{gKO—l %ft i#reactor. ‘(e) Conposite
of the t f;%’;‘:ﬁ?’p?g’l hgs shown in this gable sid an@(lg er runmade under
essent i al Fyedthe, sane condi ti ons. 16 : - C
. Cookout tlme hours . - R 7
< . .
' Analysis of crude stripped product ' S I
" Hydroxyl number - _ : 378 82.94 . 83.83  85.65
- ~ Alkalinity, % KOH 0.085 . .302(d - 0.276  0.262
- ] szcosxty, cks at 25°C ' -' - 831 1,002 - 945 942

(a) Equwalent to 17.67 lbs .of dty sotbltol ' .
(b) KOH added after 3 hours stripping period and dlssolved for 1 hour at 126°C."
'(c) KOH dissolved in starter for 1 hour at 125°C, = ~ _ )
(d) High alkalinity assumed because of residual KOH 1eft i in reactor. )
(e) Cotnposite of the two Step 3 runs shown in this Table and anothet ua. made

© under essentlally the same condmons



34 1,512,710
34 TABLE XI Il Preparation of Polyols Exanple

13 14 15 16 Step 4 Autoclave charge, |Ibs. Starter
(Conpostte of _Tabl e XIT) 24 24 24 24 Pot assi um
hydr oxi de (fl ake) 0.11 .0.18 0.18 0.18 .
S Agitation period to dissol ve KOH, hrs. B 1 2 v,
1 Reactor tenperature to dissolve KOH, [err] (1) 130 130 130
125 Propy ?- oxi de feed tenperature, [err] 1110 . 110 - 110
112 Prop' oxi de, lbs. . . . 615 59 58 '
55.5 Pressuf e¥ psi g max R -1 1 | N -1 WU - ;. S
60 Feed time, hours - o " TABLEXm 14 9.5 - 8 N
11 Cookout time, hours . _ Preparation of Polyols 9 ' 6 3
6.5 Stripping period, hours . o o - 3 3
3 Stripping tenpEkadplre, [err]' _ o1 14 1105 140 :
110 Stripping pf° --ssgre o . o - 20 20 S
20 Hydroxyl nunb '_ ' S ... .30.93.-38.73 '
31.51 Al kali ni ty,A%d(ﬂelcharge, lbs. : ’ 24 e 2 0. 2624 - 0.24
0.215 Step 5 Ethy I ' _ 1367
1925 . 2682 &t h éﬁé %éo degﬁi, Rieature, [qr] 378 91 P g0
110 - 110 E &r%b etufe&edlsts¢1vaexommar($) 130 130 7 130 125 0. 83
0.62 2.5 Pr egsmrlg@ ox}ﬂgf dmpperatute, °C. _ _ 110 - . 110. - - 110 : . .'112-5 .20
32 29 Cookofiep u?fl%’de’ax bur s o s 3 AN - |
1 1 StrippRid deelh A hour's o 14 -9s5 g i 1
1 1 Stri ppC&goxit&iiﬂaBlioafsure [err] = .9 6 130 6.5 10
110 110 Stri eé,émre MM Hg - - 3 - 3.20 3.
20 20 - ppl mperature, R 110 110° 20 é? ude
ing pressure, mm Hg . e 20 20 2
product recoveredH £ 1 number Lo T4 80 30.93 88.73 3135.9
Magnesi um Si | i cat é}kalubu.%KOH T 1.58 0.2¢ 570.24 . D.33
1.50 Agitation peLi %d hours . SO 24 10 - 12
9 Refining terrper [err] o . * X § - -100
92 |onol added, Ylene orid geeg gams. O 012337 0. ﬁgé ﬁg’o 16 -
0.015 Flltratlon n BEoxid qﬁidsifé.“feiiﬁ‘f:" SR § 0620 75 15
14 Filtrate recovefeeduesL bsg }x:tax o o 68 3%0 74324 '_%9..75. 8 -
64.8 StLipping pe urs - -t L , " 3 3 o
3 Stripping tenpe ggmépe"f _gﬁf r-soc SO 11@9 116 10h0 ,_11(;00_ I
95 Stri ppiNg presSiipfing prodshd, mmHg a0 715 20 .5
3 Refined Product Cm@ew@ced:cwetvéa s, . o e o '7@4 8 80 70 % L T733.2
56.8 . Magnesium. Slllcate, Ibs. . o : e _ -1, 64___ ,_'1'.-':50_-
: Agitation penod hours . - -',24" Col 10 A R
Refining temperature, °C.: + .o, v 2091 930 100 - 92
Tonol added, lbs:.. - .- : :: . - 0.016° -0.016" 0016 ' 0.015
Filtration. penod hours ) S an s 60 o 2080 LSV 14
‘Filtrate recoveied, lbs. = . - - 68.3 74.4 75.8 64.8
Stiipping period hours - - 3 3 3 3
Stripping temperature, °C ' ' 99. 100 - 100 -+ 95
" Stiipping pressure, mm Hg - e .. 5 5 3

‘Refined Product recovered, Ibs. . 64"58-_ 707 72.2 - 56.8



35 1,512,710
35 9 TABLE Xl Il (Continued) Exanple
17 18 19 20 Step 4 Autoclave charge, |bs. Starter
(Conposite of Table XI) 30 30 30 30—
Pot assi um hydroxi de (fl ake) 0.11 . 0. 16 0.16
0.M6 Agitation period to dissolve KO—| hour s 1
2 Reactor tenperature t o di ssol ve KC]—I [err] (1) 1130
130 Propyl ene oxide feed.tenperature, [err] 110
110 Propyl ene oxide, |Dbs. e 54.5
56(_Pr eSSUT e pstg—trese— L512,710 60
51 Feed tinme, hours. TABLE XHI . 13
9.5 Cookout time, hours (Continued) 6
5 Strippi Rgp amRle; g hour s o 17 18 19
3 Strrpprrs;egfnperature [err] I ——— -
P10 Strip O° pressure,  nm Hg
20" Hydr ox “r‘f g'?afge Ibs. ' S : : N
35.8 Al kal |mfgs\émm%m of Tally::) XI) - e 30 30 30
0. 166 St e&:tﬂﬂgpyhm dgér;;* eﬁbge;gm&gr?rrsd 011 ;16 0.16 ] 0.16
1176 selvye KOK| ee(1h eed tmpper re,1496rr
110 11=Q,p£§,’§§ %gflﬁh RSB Ce feed tilte, hmigjs ifg bt
0.5 Pgessure, pexgznal?r essures, psig nax. 54.5 545 56.0 56 -
24 Feed time, haprCookout period, hours $9 % 6 sl
: ookout ti 11 17.5 9.5
1 1Smppmg 'ﬁgh{ﬂnppl ng period, hoursse 2 5 s
1 1Stripping. todp ng tenperature, [err]. 3 33
110 1 ‘Gppms PIQ.S:B@reShrﬂIHEpI ng pressure, nmHg --1_10 SREE 5 T R '
20 Yk;ﬁ’;ﬂ “‘%%‘ gr ude product recovered, I bs_,,4 200 2 831
Y, 0] - . 22 . . 358 -
78.5- Magnesi um Sil i cate, | bs 0.263 . 0166
1.70" &em;‘o‘ 1 5. 1.65 Agitation period, hours '_ L
'8 . Riiv] 8 Refrnrngterrperature [err] ' .
89 ﬂ“’;lggg Q“' feed, tsrar.reo lonol “added, Ibs. "yye 0y
0. 017. th-y[eneo d dtf;‘epe’g“‘f6°¢r | tration peria 0 -hogfgs ,.-:.1’1383.
19 _3 ressures, p8g max. Filtrat € recovered0.9bs. 0.5 - 07
80.9 - ?;;i‘gpefmiésfurs 72 Stripping period, I"I oursi4 .~.24--
a 4s Stripping o aufrl;rsoc?’ Stri-pping terrperaturle [e%r] % '
100 pping pr e, mm Hg100 . St. ripping. pressur ¢lo nm Hy 110 _
7 Crude Pl'Odnﬂ:_Orecovered $6s.Ref i ried Pr odu [recd¥ered? | bsi2o
73.9 %gl ui::“;,e 76} °(;u1rbs 70.5 (1) Spar gedln,rotro 8@3 up;“g hr orf%lﬁ unit to keep
KOH SUSpeM gtemperature f’C 8 8
' ~ Tonol added, 1bs, : o _ 89 94 100 100
Filtration period, hours 0.017 - 015 0.16
. Filtrate recovered, Ibs. d9 34 16 30
Stripping period, hours , 80.9 75 '71 5 72
.Stnppmg temperature, °C 3 4 % NI R
tripping pressure, mm Hg - 100 - - -100 oo 100
Refined Product fecovered, Ibs. .’ o ;3 9 753 1' w20 5

(1) Sparged mﬁ'ogen up through umt to keep KOH suspended

. 67.5

70.5¢



1,512, 710 36 TABLE XIV Properties of

Pol yol s Exanpl e 13 14 15

16 Product analysis: Hydroxyl nunber . 29. 27 30. 57
29.24  29.11 Acid nunber 0. 004 0. 004 .

0. 004 0. 005 Water, % . 0. 02 0.02

0.02 Total alkalinity, nmeg/gm 0. 00009 "0.00006 0. 00011

0. 00017 Viscosity, cks at [err] 1456 - = 1478 1552

1522 Pri hydroxyl, ol e-% : 0 . 45 . 58

Aver age f h%ﬁonal [ ty 4.6 4. .35 : 4.17 4.15
Oxyet hyl e _ Q 1512 71% . 3.3* )
Unsaturati-on, meq/ gm : . 0.071 TABLE)Xﬂﬂl - 0.082 0. 079
Exanpl e Ploberties of Polydis 19 20
Product anal ysi Skx JI%FIJ oxyl . nunber o 13 14 34.33 15 34. 0%, -
35.88 - 32. 78 -Aet-e—HtHrbet— s — —B—003- 607+

0. 006 Water, % Product analysis: . 0.02 0.01 0.02 - :
Total al kal i nity,gyaRQ}1Hber . 0.00013 20870003057 0.00802 - £.190007
Vi scosity, ~cks atAs{@mﬂber - 1293 - 800‘135903(2)4 : 12@%4.- . 0@!@42 '
Primry hydroxyl -0 9 SO

Aver age' functi ona$ %?lixlx:;y;tn%%/cm 4.76 %0 §59‘}4Q,%°°§ At gﬁ%l
Oxyet hyl ene, % Primary hydroxyl, mole~%- - 0 | 0' 1.8* 45 - 354 * 674 T*

Unsat ur at i on, 'gmse funcnonahty 0.053 057‘ 35

05021
These val ues- are g;‘gg ggge in-error 07e %cgqll ovv)o @ﬁLE >§7079
er/ Boly >

Preparati on of- Po y Pol yol of anp

053 *

10 11 12 Exampie3 - 14 Aver age Funct_'mnal I tyst 19 4_204
4. 86 4.38 462735 Primary Hydroxyr, ol e- % # o7 - 6/
57 53 0 Producignatysisst hy| ene, % #. 7 . 7
4.8 0 . 3.5 mpakyimndenperature, [er r3]4 33 - 340120 354920 3210
120 120 _ 120 Rae:%?nce Time, mn. %%%3 0 007 12 000812 0%052
12 = V\%&Ef rVAZO Content in F oo é g
: tal alkali ty, 01 0007
23. 4 23 2. VAZO %lfy ck&laf125 &“al Feed 17293 46202 411342
0.41 0. 40 RatloPmﬁaryAwd;blxﬂnmbm-%e to Stymene |n3§eed bys*vvt -59
80/ 20 - 80/ 20 80/ 88@1“2%’“3%/ 22" 78/ 22 F*dIGon 619rr1 hr4.71-
2131 2132 mmg A% 2143 Mngger +§ Fee dhate, difr
643 . 645 548 2767 2764 2764
2785 Product V\BI g,htl- qi 4“5%%@ 5186{3 9802 '13683 12438 -
hesd VAL believed to b 53 .
14745 Material Bal ance; Eys Ao petleved o D e RO°® 993 99.9  99.8
99. 8 Residual Acrylonitri | e, % 1.71 '1.73 1.80  1.55 .1.36- .
1.50 Styrene Y% o L - 0.28 0.30. 0.22 0.23: 0.27 =
. S . TABLEXV . '
Lo - Preparation of Polymer/Polyols C
~ Polyol of Example . - _ 9. 10 . 11 - 12 13 14
Average Functionality . 404 437 486 438 4.6 4.35
. Primary Hydroxyl mole-%. : - 67 67 57 53 0 45
. Oxyethylene, % # - I A | T 48 0 - 35
" Reaction Temperature, °C . . Co120.. - 120 0120 120 120 120
. Residence Time, min. 12 12 ‘12 12 - 12 12
Monomer + VAZO Content in Feed, % 23.2- 23.2 23.5 23.3 23.4 23.2
VAZO Conc., % in Total Feed 040 0.40  0.41. 041 0.4 0.40
Ratio of Acrylomtnle to Styiene in A . :
Feed, by wi.. 80/20 80/20 80/20 80/20 78/22 78/22
' Polyol Feed Rate, gm/hr. 2131 2132 2158 2124 2122 2143
Monomer + VAZO Feed Rate, gm/hr 643 645 663 646 .650 648
: : o : 2767 2762 2801 2764 2764 2785
.Product weight, gm/hr. . 15218 - 9668 9802 13683 12438 14745
Material Balance, % - 997 995 993 999 99,8 998
_ Residual Acrylonitrile, % : 171 1.73 1.80 1.55 1.36 1.50
Styrene, % o 0.28 ~0.30 0.22 0.23 0.27 . 0.27
TMSN, % - 021 0.15 © 0.15. 0.20 0.19 0.22
Conversxons, Acrylorutnle % : 90.6 - 906 90.3 916 924 91.6
Styrene, % . 939 93,5 953 950 947 946
Combined, % o ' 91.3 911 913 929 92.3

923

. # Analytical



TMBN, % 0.21 0.15 0.15 0. 20 0.19 0.22
Conversions, Acrylonitrile, % 90. 6 90. 6 90. 3 91.6 92. 4 91.6

Styrene, % 93.9___93.5 95 3 a5 0 Q4 _7 94 _6

Combi ned, % ' 91.3 91.1 91.3 92.3 92.9 92.3

Anal yti cal 37 - 1,512,710

7 TABLE XVI Preparation of Pol yrrer/ Pol yol s Pol yol of Exarrpl e ,

15- - 16 17 18 - . 19 20 Average Functionality # é 17

‘4. 15 4.76 4.59 . 4.61 '4.71 Primary Hydroxyl, nole-%# _ g 67

0 39 = 38* 59 Oxyet hyl ene, % , , 3. 3* 27} 0

1.8* 38 1* 4. 7* Reaction Tempes¥®Alle [err] 1201203 120 120

120 120 Resi dence Tine, min. TABLE XVI 12 12 12, - 12 12

12 Mononer +VAZO Content in - 23.3 23.4 23.5 23.3

VAZO Conc., wt.%in Total B &fHation or Pivinely P"i‘g’islo 40 Q.41,0.41  0.40
 Ratio of_Pelyolpifxamplel e 1o - - 7R¥ 0o 1@9/75 78/8- 1222078/ 22 78/ 22
Styrene 'ﬂveFa%@d'unclﬂyna\My-#Pm yol Fead7Raugs gm‘7hr 459 461 21B7 2144 2127

2113  21Bfinay BARGylonBrBH + VAZOSFeed6Rate0 3850 9 645 646

645  GABuchvlgwsuos 2781 | 47 b0274g i%ﬁ. Hduct wei ght,
g hr. R o TRBGAD 12531 139 4797y 15347 ‘Mf erial Bal ance,
o o Monomer +INXZO3Con®t ih Fee® % 8 23. 399271 9937 23 @9 23.Res2xval

C , wt. % in Totgl d 0 : 0
é‘cgg O”Bt‘é%’f? Yo l:nlc@;ngg%t%r%?gg 1. ?@5 qf%%\lm 2 5%vss Ui 7amd 2 Styrene, %

0.16 0. ﬁ;l, o ate . 0.18 993718 zmnvemsl onti3Acembongtil e, %

91.7 91. lﬁonomé}(} YAZO Béhd;Rate @0/mb  690. 468% y réﬁﬁe _ G{gfﬂ 314’648 g:l,§-4 - 94.0

gi’ S 82 3 93 1, gm/ . 93. 1 (%gﬁ} E% 971 15195, 14797 15147 92.2 92.2
lmﬁ nal tattee. % i 0 These jlegghel bgyedgd 9 bggyn syjor (i.e., too

low). # am bl Kalonl B, B XVI |~ Propent i esivof 1B@I ymss/ P(Dhyol 8,790l yrrer/ Pol yol

~From Pol ySﬂrtemet %Exanpl e 0. 30 0. 299 0 39 :0.35 1 .13

14 Stri ppgﬂﬂ‘bs ‘{ct 1Pro erties Toty @i o 16.86

16. 88 csips AGONEBS 16, 59 alg b)53 4.37

4. 35 4 4 ombme@ %3 4. 88 = 4. 849 at aI92 0I ylmr bysca @.9, .0 21. 23

21.23 %—%—er—at—f—aﬂ—mw cps 4632
3676  31%These BRAS believed to be in emor@rookep la¥d.d, cps. . --
. 3gbenalyticaly 10 3400 Hydroxyl No. : Cal culated 21 06 23.47
' 85-99- 23.39  22.90. 24 02 - R o

TABLE ). 4% |
' _ Propertles of Polymer/Polyols

Polymer/ Polyol From

Polyol of Example : -9 i0 .11 - 120 13 : .14
Stripped Ptoduct'Properties ' ' : o _ C
Total Poly A by Calc., % - 16.86  16.88 17.03 -17 10 16.89 16.59
Total Poly S by Calc., % - . 4,37 435 0 4.49 443 - 4.88 - 4.84
Total Polymer by Calc % 021,23 . 21,23 21.52° - 21.53 _21 77 2143
Viscosity at 25°C. Hoeppler, cps. 4632 3676 3172 3765
Brookfield, ops. -- -- 3890 3240 ' 3400
Hydroxyl No. : Calculated 21.06 '23.47 2599 23,39 2290 24.02
“ Measured 20.45 23.15 25.43 22,95 22.51 23.68.
” Water, % . 0,03 0.02, 0,01 001 -0.03 0.02
Styrene After Stnppmg, % _ 0.03 --
150 Mesh Screen, % Through' - o150 100 100 100 100 . 100
i Solids on screen, ppm 7 3 3. 5 4 4
- . © 700 Mesh Screen, time, sec.. o280 238 . 228 223 - . 262 . 269
- % Through - .. ... 100 __100. -.100 = 100 100 100
"Solids on Screen, ppm 12 -9 15 10 6 . . T
Centrifugible Solids 167 ‘1,61 . 165 167 178 '1.71

Light transmission, % - - - 7.5 - . =




Measur ed 20.45 23.15 25.43 22.95 22.51 23.68 Water, %
0.03 0.02 0.01 0.01 0.03 0.02 Styrene After Stripping, %

0. 03 -- 150 Mesh Screen. % Through 150 100 100 100

100 100 Solids on screen, ppm S -3 3 5

4 4 700 Mesh Screen, tine, sec. 280 238 228 223 262
269 % Through 100 100° 100 100 100 1004
Solids on-Screen, ppm 12 9 - 15 10 6 7
Oentrifug‘Sol ids 1.67 1.61 1.65 1.67 1.78 1.71

Li ght trap&fissi on, % - 77.5 - -

389 o 1 15(5137‘?010 L | ’
38 TABLE XVII I T Propertnmmivmol yner / Pol yol s 3

Pol yr ner/ Pol yol From Pol yol of "Ex 15 16 17
18 19 20 Stri Product - %%é? of PelymprPolvolSoiy A by calc., %
16.69 - 16. 54 -16.__§2} 2 0. 61. 16 46 qua| ‘i’.' y. §,by q:gal_c 10% 20=~_-
4.82  4.80 4 bk~ ' =
21.51 21.34 2t. aﬁppezfrdﬂact&mesgas 21.24 Vi s

Total Poly A by Calc., % - 5 kﬁﬁ 6§|Oci6 5% 21t5 : 16 o 1E)p| er C 750
: 3 & 00 0P 7a 4s 43
3,600 3,100 3 15&,{:% oo % St Bty dr oxyl 3ie. Zisec i eél 3% 2302.95

00_ 3100 62 - 22 91()70 26. 15
,60 0.01
2.90  27. 030(;6?? 586 04

2031 26.151(25.86 21@3) 25 56.00

04 ﬁ%&o"'.; 0:08,.30.03 i
. 0
0 - 0%80100 2§

22.90° 27.03 /Viscadfly 2ﬂ25°(2.5HcﬁﬁplBMSur ed -

25.86. 27.18 25.56 B 350
0.03 - 0.02 ( §v¢§?’gﬁ'§“ CE‘?W"Strlppl nd2%, °

3
2
0.04 003 O 03 150 Mesm@smebn %Throl%gﬁ 2
100 100 - 100} gﬁ"'ﬂ‘}ﬁ reen, ppm 3020

ip 0.
16 .6 o 758 e!imfga seCmo 1

0
248 236 % Thr Ougﬂahds on screen, ppm C 1 10 4100 16 10G f900
100  ©100 Sol i ds’ g0 MetheSstpendimpy sec. . 277 80 227 3248 - 286
10 26 Centrifug ﬁgg&gmeegsm L Moy g;?% §E° 70100 A0 g"%s
1.84 ~1.62 Light¢ Kt §iB1eSo1i gy 1388 170 170 -1 83 .1.84 1.62 -

- TABLE XI XISBUWSSQE %RODERTI ES GF SORBI TG_ STARTED PO_YO_S AND

PCJ_YI\/ER/ POLYOLS VARY [ or'y —O1 - EXany S

13 14 -~ .15« .16 Hydroxyl Nunber ;- e e 029030
30.6 29.2 29.1 Oxyet hyl ene -Cont ent:,. %‘ S T RN S 3

5 ' 7 Primary Hydroxyls, nole- %#I‘ABLEXIX . 45 - 58

Viscosity, cks [err] POLYMER/POLYOLS V OXIDE NTS 1552

67 Average Functionaldjyaly or PROPERTIES O ‘ghg?&AﬁéED %&LéKND 415 o

Pol ymer / PO'__yO| S Polyols of Example T o A3 15 16
Hydroxyl Number, # . h RN VR ":30.6 292, . 2941
_ 'Oxyethylene Content, % . 0. 3. 5 7 ‘
. anary Hydroxyls mole—% . o 0. o 45 :._“ : '5'8..' N Ya '
' A\:r__q;'age th_ctan_gh_ty # i AR 460 : 4'.35_.' 417 ._ 415
- vis"é'osi-ty, cks at 25°C Co o ciress aais o owss2 o 1ssy
Polymer/Polyols : . - . _
Hydroxleumber B s ma : :22"'9 3 *
VON/STYRaio . oo Cqem 79/ -'.?79/21 i 79/21 |
Viscosity, cps at25°C . | 3240 3400 - 3750 ’“‘3600 “
# Adalytical 3

ok Taréet



Hydr oxyl Nunber # 22.5 23. 7 22.6 22.9

VCN/ STY Ratio 79/21 79/21 79/ 21 79/ 21
Vi scosity, cps at [err] 3240 3400 3750 3600 #
Anal ytical * Target 39 : 1,512,710
39 40 o 1,512, 710
40, 41 ' 1,512,710
4T TABLE XXI Preparati‘en of Pol'yurethane Foam (Variation of [err
at OH No. of 34) Polyol of Exanple 17
19 : 20 Pol on OH No # .. 34.3. 5
35,9 _ ' 135710 53
5 . 7 For mJI ations, pbw Pol yol
Pol yner / Pol yol ** - X - :~40-ovxat erf - : ;
2.6 Amine Catalyst Igg - | 25 & 0.1 Amine Catal yst 11
‘0.3 Amine Catalyst [1] ' 0 3 leutyltlndllaurate
00.03 Silicone | . . ) 2. 01 1.7 1.7
1.7 lsocyanate | o S R 3 105 ) ndex Remar ks |
Col | apsed Voids GB&n Good Ml d Ex&i= Tijme$ sec. S
- VO : 65 64 Physiftal Properfies. Denkity, Overall, pcf
. 3.01 3.03 *3.00 Core, pcf S g _ Not 2. 67
2.73 2. 65 Poroatgg,,lerr]/mn [err]8n 8 o 29. 2
24.0 20.8 ResiliefAty? % ball [eboun®™ . 66
65 67 ILD (I bs/50 [err]) 256 - . E 3
Tested  44.2 - 47.2  46.1 6p%. - o I
110.7 119.0.. '113.82~5% Returh @ 2 BoEs
84.2 84.0 :84.5 Load Ratlo S '
2.51 2.52 2 45 @
: ' : : 2 e 2
A - Sa > _
_ . -
P W R B
- S ) o ‘Bg d= »
:E o
d 2% 80 3% | 2883 =
o 288 2 Sa | . 8
B8 | 1 : 3 .=
R S8R 8o w 8 3
% C%o 893322 2% € 2 E
5 8 | © i
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g :
A > s
L a
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]
o
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=
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Bz2 | 1 338 o og 3 £
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Tensile Strength, psi 13.1 15.6 13.6
El ongation, % 90 90 86
Tear Resistance. —pli e .- 0,71 0.77 0. 69
5@6C0npressron Set % 5.7 6.1 6.4
Hum d Aging (5 hours at [err]) 5096Cbnpressron Set, %
9.7 10. 8 11.2 50%LD Load Loss, % o W
13.8 8.8 16.6 Rate of Stress Relaxatlon -[err]ILEYIog time
. 063 @ .063 # analytical * target ** Made from pol-yol listed in
iagﬁzcghg 4Breparatrons sunnarrzed |n15§gh§A9 :,guﬂrig,on'jﬂ_24 Exaﬁ%!es
21 to 24 dennnstrate t he ﬁse of amine starters in produ0|ng pofyols in %4<
accordance with the pracgijce ob e ke preeéhbggnveatron ~Iphe detpils of the
pre- paration of the pol¥ql i ntneriﬁ@lr at & gt dRe & nak ol ydl g are shown

in Tables XXII 5 and
descri bed above for the pn
starters. The propertiesX§
XXI'V. As shown in Table

resiliency foans prepared
those obtained 10 Wb
hydr oxyl - cont ai ni ng st artg
observed for either the st
XXV al so shows that the fd
superior to the prior arg
pbw of the am ne-started H
catal ysis woul d be anticip
pbw of . 15 the conparable
pol yner/ pol yol s were nmade
24, pol ymer/ pol yol s .nade f
foans fromthe polyols of
in Table XXV). Better coat
probably .be. achi eved:-by arn
catal ytic nature of .amine-
| nt er nedi ates Fr om'Am' €;
22 (b) 23
2078 1075 Ethylene
| nt er medi ate ‘From (b)
Pot assi um hydr oxi de .

=

i ar

o
-

TABLE XX (CQgtmugd)

2 4 Charge

XXI'II. The procedures used were simifar to those
e- 5 og)ar ati on of ‘:ool yal's from pol yhydri c al cohol
f th&agigne- ﬁgﬁt\ted»&'!)el yol saanre sﬂg N in Table
v, tRE BiYysi ™ Brbper ti 8s of The ded, " hi gh

with the am ne-started polyols are ¢
h the el yol s«@f ~tdhis, enyvent kon bale
r and 82 10 YR LDBt i npLhyened
ress relaxation or humid agi ng prope
ans .prepared from am ne- started po
foams.: Since thege fornul ations cont
ol yol's; further feductions in: amne _
ated for fornul aji ons based on an additional
am ne-started polyner/polyol (since po -
from t'he :am ne-s arted polyols of Exanples 22. and
rom hydroxy star®ers were used in making the
Exanpl es 22 and 24 as .i ndi cated by fpotnote (b)
rol of 20 f®rnulation reactivity can:

ine catalysis, r@ther than 20 the-rnherent
started pol yol s.2TABLE XXI|. Prepar at

$tarters Exanple x ' : .
grans -

on
wer e .
ties. Table
/ol s were

i ned only 60
'5 .
40

TA- PQ( a)
1ne : 825 -
I 1 © 980

20 1 20 - 15

;*jg 0

in/ft

core, pcf
ft*/m

25%
5% .
. 25% Retuin, %

'Humid 'Agin-g”('s hours at 120°C)
~AILD/log time

~50% -Compré's sion Set, %

- Resiliency, % ball rebound
‘Load'Loss, %

CILD (1bs/50 in?)
._Tensile Strength, psi
-75% Compression Set, % -
* Rate of Stress Relexation :

Density, overall, pcf
_ . Elongation, percent .
Tear Resistance, pli

Load Ratio " -

Physical Properties

" Poro sity,

Polyol of Example .

nparable to -

on of Polyol -
21



Oxi de Feed Date Propyl ene oxide, grans 6188 7178 3185

6311 7013 Tenperature, [err] 110 110 89
110 110 Pressure, psig max. 60 62 30 68
65 Feed time, hours 9.5 11 2.75 10. 75 10.5
Cookout time, hours 3 5.75 3 6 8
?68Iy5|s of Crude Product(c) Fwdroxyl nunber : 180. 8

: 181. 4. 97.8 Alkalinity, KOH o
0.14 0.175 . 0.199 0. 169 Viscosity, cks at [err] - g££>'
.1008 767 713 615 (a) Polyol internmedi ate nmad om one

mel e ofi diethyl ene triam ne (DEW23Md 5 noles of propyl ene oxifde (PO .
RETA™Was also the catal yst. (b) TABEEaXxat i on of polyol internediate used in
Exanpl es 23 and- 24. (c) E&gﬁarﬁgnsmlﬁmﬂe Fedner medi at es were cat al yzed and
delivered hot to the (vmt,gsf@;ggﬁmtmuargdupgofdfgal ‘pol yol products as
tabui at edpthm‘gpﬂaglpl)gXI Il 1t was necessapy 10 ugg tenppratupes in excess of
err] in i : _ 3 :
1, 512, 710Polyol OH No. # 343 43 THBLE XXPII Pr&eparation of
PoI yols Fro m tarted | nternediates Exanpl

%%ﬁe"en&f?f {3,7; 24 Aut.ocl ave ?:harge fbs ét hyI ene di am ne
|nterrred| Bénaulations, pbw . 0 o - . 17.87 174 Di et hylene
triam ne b nt ermedi ate _ 18. 07 17.8 0 ~ 7 0 Potassium
hydr oxi dego¥ontai ne - 0.278) ]} 0.187 . 0.187  0.209
Tenper at uwﬁe,cfurl ﬁ'g propyl ene oxi de feed

2.6 108-116 . 100-122 110
-100- 114 PAmi Cetalestdm de feed | bs. 0.1 - 56— 55 60
60 Feed atalrsw ' S gg ' 6.5 9.0 . 6.0
6.0 Peak ‘&% g‘g‘g S S|g - ) o s4 - 55 57
48 CoOK- O8if:oghb e 200 17 315 1730 3.5
2 Final pﬁse@anmteet, pS|g © -7 105 Index ' 2
2 Hydroxyl nynber ' 3 49. 84
34.4 Addi | propyl ene oxide added, fpipsed Voids }f'°%d & % 2.2
11. 2 Fi naflold Bt dimel sepanber Co Comm 70 4954 64 31. 37_ 50.57
£30.86 Al kali n:qld;/_, per cent KOH P - 0. 256 0. 252 0. 235
0. 247 St r Phypiceld renentiser at ure, [err] - _ 116 120 120 120
120 Strippl ”Qy Wv@ #UcE rm1Hg | sor /b3 3o 7
S5 Stripping peffil S . “Not . 2673 273 _:2.25 3
X Et hyl en&rmwdﬂ’/ﬁmdft | bs. . - : 29.26 240 6.0
6.2 Cappi Resilicanm & batluptound er r] 166 1086812 1710 115 110-124
110 Feed Hdlbs&@lindut periods, hrs, ' 2 2 2.5
2.5 a5y : Tested  44.2  47.2  46.1 '
65% . - § . 110.7  119.0 1130
25% Retum - E o 842 840 845
Load Ratio - EEE 2.51 © 2,527 245
" Tensile Strenigth, psi . - . 131 156 136
Elongation, % . = o < 9% - 90 86
Tear Resistance, pli R o . 071 077 . 069
75% Compression Set, % = - - " ' 57 6k 64
Humid Aging (5 hours at 120°C) : . .
~ ' 50% Compression Set, % . . .. : 9.7 108 11.2
- 50% CLD Load Loss, % . S 13.8 -18.9 - 16.6
. Rate of Stress Relaxation - o -
S . o
# analytical |
* target

** Made from polyol listed in same column; preparat:ons summanzed in Table XVI



Stripping tenperature, [err] 110 110 110
110 Stripping pressure, nm Hg 7 4 5
6-3 Crude product recovered, |Dbs. 77 79 83
64(1) "MEgnesTum siTrcate 1.54 1.58 1.66
1.28 Agitation period, at [err] hrs. 8 8 8
8 lonol added, | bs. 0. 0154 0. 0158 0. 0166 W
0.0128 Fil red product recovered,: |bs. .§7.5 76
78.5 : iltration period, hrs. , 13.5 17
1.5 6. nal stripping period, hrs, 3 '
3 3 AIIT ﬁ%‘l ave tenperature. [err] 1 512710 1 20-99 . . ’LD()§2- Ea
100 100 Aut ocl ave pressure, m’d Hg?.xam les 21 to 24 4 5 St
5 5 Fi nal pr,od faamplesd fteate the use of amine starters' in pgyluq;ngtﬁoly :
ce e
76.0  56.5 (1) f‘i@?};&iﬁ Xiga Sm&%ﬁ%'ﬁaﬁ@?ﬂ E g L x%BLE XXV
Properti eS 03 Pol uﬁé v Ssi 6se described above for the pre- -
21 " pafation of poly@lﬁ fidpop drrqﬂnubdrsta@'tal)s The propemes of the amme-’ . =
43. 92 29' 36 sieged %ﬁgys % sl; m oP Y mdc%lhlgh reslhency : |
0.013 0.014 q ng epar -5 )& hose obtained | :
0. 405 0. hov v&th golyolg W}rﬁbﬂ B yl-contammg starter and no 10,
4.47 3.59 #igant imp r@v%nﬁ’ wereegby thier thestress félak tt)on or humid -
>50 >50 g properties, B
yaroxy nor det o LAY O %@Eﬂ "ﬂ?mﬁ i
44 _ 15 catalysis would be antrcrpated fdr ased on an addrtxona1140 pbw of 15
r o 1
o oxam e | PR A km %"“’f id vot b, ol vel
ade from hydroxy starters we use in ma om
Sorbitol D et hyBxgfiples ﬁtﬁayﬂzéaﬁn ditdtéd By Teotnote (B) ol of -
(anal yt i cal')20 - formulation: rea@@vity can probablp Be Achieved by arg@e ?atwlym %hpr than . _ 20
Functionality (anéP’;ll“P%‘&‘Ft)catalytlc natugs7of am‘“"""““@"@@ yols. 3.01 Vi scosi ty, cks
at [err] . 1441 1343 21251 For nul at | on, -pbw
Pol yol - 60 60 ' .60 '
Pol yrer / Pol yol . ' ™Meta)xxn = 40(b)-- 40( b) Wat er
2.6 - 2.6 $ é)aémnp@f l‘:!?}to@irﬁ(é&\edliates From Amine Starters . +.0.10 I
0.10 0.10 Anine Cat al'yst I _ 0.30" - _0. 275
0. 275 :Ami ne Cat alEpsmplé | I L 2p..30 22 (b)(_) 3023 - 24-0. 30
Di but yl tindi | aur g, s '0.03 0.03 0 .0=3 s
Silicone | - Dng;Aflgg(a) 1.7 201 - 1w078.7, .. . . 2.0,
Ethylene diamine . : - 825 ' L
Intermediate From (b) ) 1890 ..=,98'0,
_ Potassmm hydroxrde - 20 20 . 20 .15
Oude Feed Date _ : S —_— .
"Propylene oxide, - giams - 6188 7178 3185 6311 . 7013 -
“Temperature, °C * 110. 110 . 89 - 110 110
. Pressure, psig max. 60 62 30 68 . &5
- 'Feed time, hours - _ 9.5 11 2.757 10,75 10.5.
Cookout trme, hours . 3 575 3, 6. . . -8
Analysrs of Crude Product(c) N ' , S .
Hydroxyl riumber 180.8 100.5 C181.4  97.8
Alkalinity, % T . . .
KOH 0.14 0.175 - 7 0.199  0.169
Vlscos1ty, cks at 2S°C "~ 1008 767 - ‘73 6.15_ g
-(a) Polyol rntermed:ate made from one mole ot' diethyierte triamirret(D-I':“,TA): ' : -
and 5 moles of propylene oxide (PO). DETA was also the catalyst, 7 - -
o

(b) Preparauon of polyol 1ntenned1ate used in Examples 23 and 24.

(c) Each of the above intermediates were catalyzed and delivered hot to the reactor . -
used to produce final polyol products as tabulated in Tabie XXIII. It was .

potassium ‘hydroxide. ..

necessary to use temperatures in excess of 150°C in some cases to dlssolve the



| socyanat e | 105 I ndex 105 | ndex 105 | ndex

Physical Properties Mdld Exit Tinme, sec. 61 55
55 Density, Overall, pcf 3.00 2.99 2.97 Core,
pcf . 2.84 2.84 2.86 Porosity,
[err]/mn/[err] 23.0 24.0 26.0 Resiliency, % ball
r.ebound 66 . 65 66 ILD (lbs/50 [err])
4377 40.7 . 42.0 65% o . 118
103. 2 108. 0 25% Return’ | . 84.7 sth@
83.4 Load Ratio ' 2.70 - 2.54 2.
Tensil® Strength, psi. .~ 13210 19 3 196 %35
- Blengation, % TABLE XXIII' 121 128 155 Tear
Resi st ance,- p| i Preparatlon of Polyols Froh Anane-Started In&mﬁ&ates 1.84 75%
Conpression Set, % 7.5 8.5 3 7.5 Hum d Agi ng
(5 hour s _Efempler r]\ El(lo/rL(:OI'H)LFQQI on Set ¥ 22 2B 0 H5 . 16.1
45 9 Loadi\dtd}faﬁg cl%rge, 1bs. . 4.1 9.7
"Rat e of S@ﬁg@se Nellnmattfrmpﬂlatfer r]1 LD/ | % ' 17 87 174 . 066
. 068 P('m 0 h%éfgﬂ descrl be ove@}ﬁ.pm tohg, Pol gy of Exanpl e 6.
b) Made 91¥€e xﬁ&@%eﬁhﬁj pﬁ; e 1.100-1145
, 512,710 Propylene oxide feed, 1bs. 455 Exarmibe 25.60A pol yol was.

pr epar ed I@séemoddm the sane.in corrpo‘sﬁtl on%8s Poléybl | &Ut. havi ng 93%
oxypr opylgﬁé ol sq;fpde nd 7% oxyet hyl ene3 gr oupg Lar scag f oam
prepar at i/gasd pggs‘iﬂag pkigi s pol yol and Ponmer/Pg] yol I27yiel ded foans having
poor 5 BSiydroxyl ndmreol d properti es usi ngS3aAIforB(m‘at| oiﬁsas |31MI'abI e Vil.
Exanp| es ?G:qg ‘IBS’PY‘W’C‘HPP[S&F‘MOWSMS mef{e, of %@%ﬁd e% ri se high

al .
resili enq»mc L e Ren f oans made froje popyd) s 3ot hi soﬂf}ventl on as the
sol e pol aippi@Tpeakire,2ad from ot her pakymbsiand pakyner /ol yols. The-
f or mul atl%rmmamdw?l@amﬂp’ﬂepertl es are 76 10 5 -.sHown |n5TabI e XXVI. As is
shown by E T,gbl e XXVI,. accepg abl e | ded g‘foo re repared with
t he novelcyl Rp&d m ec:rpl e 12 as the melAalpeioels adsmesnerip using Silicone
Il for céreledgtdadooli-muaeno@s\. mnd carbon btack te open2the ced.bs. Conpared to
rior arts"Pt?I r‘ﬁé‘rPFPB‘F , this foam £®hi bi 1¥d abdd? 25 YBrcent | ower
oads, 15%F mﬁf;stsrm & hum d agi ngpval uedgand ﬁgperl agtress
rel axati Mg:persmﬁesﬁltda&s However :the usesodf thiss poliygsl : asi. ishe sol e pol-yol

corrponen 904 i3t H88G.dusl tenS| le s&rengt BI and -t8ear: re&i st ance val ues
_ @i ch ca gov?%d Ugi.ng this poﬂ&ﬁ {,sénbl%’%ﬁ on"%2 th a
pol yrrer/ n,m‘noa § rnvention as shov i ni; arrplzqa 527 60 :
Fmal stnppmg period, hrs. 3. 3 3
Autoclave temperature, °C o ©120-99 100 1()0 ’ _'._".100
Autoclave pressure, mm/Hg. R 4 .5 5 5

Final product recovered; Ibs. o 60.4 70.8  76.0 ~.56.5 .

a Esflmated 2 gallons lost durmg transfer spnll

- TABLE Xx1v

Properties of Polyols From Amirie. Sta:tets IR
. Example o o 21 2 23 24
Hydroxyl number (a) 43.92 29.36  45.51  -28.72
Water, % () 0.013  0.014.- :0.017 - 0.018
Total alkalinity meq/gm (a) 0.405 0.197 0.327 ~ 0.157
P ) Functionality (a) S 4.47 3.59. 3.52 - 3.01 -

Primary hydroxyl, mole % M) s D80 - >80 >80 >S50

(a) Analytical

(b) Estimate; primary hydroxyl not determmed but can be detemuned by NMR .
derivative method. .



As is also shown by the data in Table XXVI, free-rise foans prepared with

20 20 Silicone I were closed and shrank very badly. Lower |evels of
Silicone | (not shown in Table XXVI) produce foanms with poor. cell
stabilization. Use of Silicone Il provided free-rise foans which did not
shrink nearly as much as those based on Silicone |I. The foam prepared with
the novel polyol of Exanple 12 as the sole "poI yol conponent exhibited only
slight signs<of shrinkage. Addition of "Coloidex 25 25 No. 3 Carbon

Bl ack" (1.; bw) produced foanms with even nore open-cell character. In all
cases, the\doans prepared with the novel Polyol of Exanple 12 as the sole-

pol yol corrpo_n@nt_ were rated significanthii2Brter than thgose based on p# or .~
art Polyol " as the sole polyol conponeflABLﬁkml ar studi'es (not shown in ot
Tabl e XWI) wWith prior art. Pol I wed ) g.shrink even nore
than foans. 30 30 b &S, '%?f‘ ‘f—goﬂl"f&f 91”“ P 3 Byl

1,512, 710 PolyolfromExample = . 46 6ABLE XX¥ Prepar¥tign of

Pol yur et hane Foa W t h and W T hout Pol yrrer/ Ral.y.ol ) K
g B | ik pb%%ﬁ%‘ 4

26 29 For mul ati-ons,
60 - - Pol yrrer/P%)ioI (2‘)4 .. 287 '
) ; . Hydroxyl No. 39\" tlca%f Exarrpl e 12 2 : _ 60 .
- . 100(5) Redrysveiuh&tiohioy (anhlyEM)rrpl e 12(39-07 - 3.5 40‘ o1 -
Anine Catal'yst | Viscosity, cksat25°C ) 407 d* '1348__._ 10 5 0. 10
Am ne Catal yst | [Formulation, pbw 0. 36 0 30 0..30 0. 30
Am ne Catalyst ITIT e tvol 0. 30 0 30 ' 0 30 é 0. 30"
Di butyl tindil aur atg?¥° - -.0.01 ga 03  4o(» 0- 03
Silicone I - wegre/Pobel gl - 26% 7 26 1.7
Silicone |1 . Amine gata{yst%l o= 010‘ CoI oi 8% No. 3:10Car bon
; talyst : 5 :
Bl ack |scocyanite j‘mme aaY:tm - 1051 nde 105 g'@@%x 1 30I5ndex 105
| ndex. Free-Rise F%m?uﬁl burate . 0.03 0.03 - Vayes Very
Remar ks Nsticohé I nkage - . - Badt.7 - Bad Shrink.o - Shrink -
Physi eal Properti dsodemsilty, Overall, pcf - 105 Index 31Qfindex  105jndgy
2.93 ° 3.03 e, . 2. 68 - 2.64 - 1 2.63: '
2.70 Porosity, C% al?ﬂo 16. 1 36.0 . 14.8 - 31.9
Resiliency, % baI |/hgdd1d351it(l)'iﬁmheﬁsecf 62 - éﬁgo 559%56 : 55?7' ‘66 I LD
(1bs/50 [err]) 250Renmsity,Qverall, pef . - 43 0 -
30.2 65% Poros1ty,(i'::”r/emlrt’1‘;€'t' .114' o 1023& ' 500 ._:-26 &6 9
K : Resiliency, % ball rebound ] 66 : o 66 :
ILD (bs/50 in) o ' LT
25% o S 437 407 420
. 65% 118.0  103.2 - - °108.0
25%Retarn - . - - . 847 - 830 - ° 834
Load Ratio L 270 2.54 .. 2.58 .
Tensile Strength, psi . .19.3 19.6 23.5
Elongation, % 121 128 155
Tear Resistance, pli . o - 112 1.55 1.84
75% Compression Set, % _ " 1.5 85 15
Humid Aging (5 hours at 120°C) ' T o '
-50% Compression Set, % SR '13.5 “16.1 0 159
Load Loss, % i . - 5.5 4.1 .97
‘Rate of Stress Relaxation o , ; R
—AILD/log time * o . .066 068 - .068

(ii) Made as described above from the polyol of Example 6.
~ (b) Made as described above from ;he polyol of Example 1.



25% Return 81.0 83.1 82.8 85.0 Load

Ratio 2.65 2.54 2.71 2.55 Tensile
Strength, psi 23.5 15.2 19.9 12.8 El ongation,
% 151 - 104 188 113 Tear Resi stance,
pli ' 1.82 0.98 1.52 0. 70 75% Conpr essi on Set,
% 7.8 7.3 - 14.8 8.6 Hum d Aging (5 hours at
Merr]) 50% Conpression .Set, % - 18.9 - 12,7 24.8 =
12.0 50% CLD Load Loss, % : 25. 3 8.0 27. Ofes

7.7 Rate of Stress Relaxatlon-[err]ILD/Iogtlrre : . 072X

A065_45 - . - Flammd@#il?yi0y, ASTM D1692 Burn Extent 45i nches
A~ - -Bum Ratgmple 351 N -

- A polyol was pre ared essentially the same in composmon as Eo,l)Ebl.IZ b17t10
47 TABLE wns %m‘stpmpg % 7/, oxyefhyllene groups. Largehscale foamp - 31
o 0 elded foams having poor .
32 ) ld ﬁgmgum 'i}"or b}iy'nga le ({'ﬁ‘ &P . 200
0‘ ' .

Pol yrrer - - -
- Pol.yql of Exa em IQS 26 }0 33, b hr & , th100(5) -
was m n rise 1g esiliency polyurethane = _ .
100( 5) POlgxmzﬁ(ﬂgﬁ?ﬁ}? :olyl y l 32}1 rigls the f?ﬁfé&%ﬂ copponent and 0 . 010
L] rom other polyols and polymer/po. y 0 ertles are 1 .
Am ri@ Cat ahgwt in| Table X{)(vth 4 T m ne Cait al yld i fﬁJ 0. 30
n by the data in e; molded foams were ' -
D but yl t ngfj I lA& éllh he nove yo#ﬁ@?fqup fﬁe sole polyol component wﬁz 0.02
: 111cone II for cell stabij carbon black to open the cells. Compar : :
. 0. 02 riof) afl 2Polyniek/Bolgiel X[ Nds fodm &x@iibited) aibuflQK percent lower loads, - 1.0
0 Bsocy a Ioéed humid aging values and S“PCHOIJ.SESS neldxatiof propertiess dowe 4 Bad
'Sl i ght this poly t ol component results in reduced 1enk Shrink
: 9 tear res be im oved using this p
Shri nk. Ph)ﬁ%in INAREA bbl?fﬁer 1ol f}’thts% as siwn in Example 27 3.02
©3.02 &’S 1Otlsoesho mby the data in Table XXVIAf2ee-rise foamhstpter ared thh 62 20 2. 65
‘Por&ity, Tgp 1/ d shrank ver, gadgy Lower leyg]s of Silicone own 77 §
i1 % g%ﬂig % oams w1 r cell stabilization. Use of one I 72 LD
Resi |1 enCyrovige hlch did no nk nearly as imiich as thoseased on _
-(1'bs/ 50 [ Hc e L93%e foam prepared with the novel poi©l éf Example 13(Gs $he sole 29.0 =~ 31.1

0 polyo component exh1b1 y slight signy of shrinkage. jion of ““Col 25
6-5-/025 No. 3 Carbon Black” 7% Iz}Jw) produce%gfggms w%th?gi/gr? more opeggzﬁo .

- character. In all cases, the foams prepared with the novel Polyol of Example 12 as
the sole polyol co Eonent were rated significantly better than those based on -
prior art Polyol I'as the sole polyol component. Similar studies (not shown in Table
- XXVD with gnor art Polyol I showed such foams to shrink even more than foams. -~ 30
O 30  .based on P o . '



25% Return 84.4 85.8 82.8 85.2 Load Ratio

2.55 2. 57 2.59 2.57 Tensile Strength, psi 15.0

12. 7 18. 8 12. 2 Elongation, % _ 162 121

188 ~— IT6 Tear Resi stance, pli v 1.50 0.70 1.79

0.82 75% Conpression Set, % 8.5 6.3 7.4 5.4
Hum d Aging (5 hours at [err]) 50% Conpression Set, % - 13.9 ' J
8.1 ' 3.8 8.6 50% CLD Load Loss, % S 27.3 10.5 .
27.9 { M. 1 Rate of Stress Relaxatlon-[err]ILD"/Iogtims -
- A 65 . 056 Fl anmabi | i ty, !%@1692 Bum Ext entinches = 44

- . 2 46 5 0 - 5.0 Bure AV~ e e i
3.4 474°(1) Commercially avail ammm&str art pol yol descrl bed above'.““-"'

(2) Commercially avai'l-abl e pri orpregatatid®bt/Payutqiiny Foanthescr i bed. above. (3)

Pol ymer / pol yol of - thi-s i nventi-onuogGesue Poieardipdd above fromthe

pol yol of Exanple 12. (4) Al ot her properties.are for mol-ded. fo%ﬁ The

same fornul ati onExametee used for both-the Al ded atld free2ise fo (5) . ®
Pol yol' made as | anple. .12 but on a Iarger scal e. 48 = .

1,512, 710 pmmams’pbw - L 48 ‘Exanpl es 34 to 37 Anot her |
conpari son ‘was naodgpldf(l)m)l ded,” h| gh resﬁ |ency Pol yur et qume f:0ars. nade from o’
a pol yol of thi sP1>1"'--' qht?h s the sol e gblyol -tgymponent=and fraoo @fher

pol yol and pol yrrg .ﬂ --O@“?{?of fimplaas eyExanpl es "addf.or nul aki on was- used havi ng

l ess 5 wat ewa an the fornulation @$ed in Franpl.es*®5 to: 4and-woul-d .

be expected to @dt}b’ét oans haV| ng ﬁ% ter s g é&ss reﬁ,e@(atl orb 3@nd poor er

hum d.agi ng Ioad ti es. The resglts augoshovvm 80 TablogdoXXVI | and
support t he concl{’;ﬁﬁ1 dd&@w -above fromotoag restiPs s’ sho@s in TA3e. XXVI

concer ni ng 't he uisilnlcbrtey of the’ pol yol .of 1Bxanpl el12 as..thé sol e ol yol
conponént . TABLESikeeaell o%p%rar% gﬁc‘pf PE yuret hahe Foans (vmth and wit hout

Pol yner / Pol yol ) fer 105 Index: 105 Index 1«54ndex 105 B@ex
36 © 37 For mul’ atl ons, . ph Pol on (1) U 60
- ;100 FreeRisghgagse|): Pol yol (2) L R
n - Pol yO|Réﬁfa.tkExan’p| e 12 o No Shnnkage - Baéy . 603;3 _'.
100(4) Pol yner/PoI on of Exanpl e. 12 (3) Shipk - Shnnk | a
E) \1/\gt eﬁr R Phymal Pmpemes SRR 2 0 Am he Cat al yst -. .
e ST g T 293 :"-'293'.._'-'}-'..?3 03 e
Densit, %Zf:l;c?d_ . .. 268 - 264 . 263 . 2307 BN
Poros1ty, ft/min/f 164 -:36.0 148 319

Res1hency,%ball rebound 62 69 56 . 66

IiLD (lb‘s/50 in")'_ _ S _
‘25% : S 3.1 40.2 27.0 302

65% : : 1140 - 102.0 73.0 76.9
25% Retum ' : "81.0 83.1 82.8 85.0
‘Load Ratio . - 2.65 2.54 _ 2.71 o 2.55
Tensile Strength, psi - ... 23.5 15.2 199 - 12.8
Elongation, % o 151 - 104 188 - 113 IR
Tear Resistance, pli - 1.82 _0.98 1.52 o 0.70
' 75% Compression Set, % - 7.8 7.3 148 o 8.6 _
Humid Ag_ing (5 hours-at 120°C) o ' ._ ' | .'J
50% Compression Set, % 18.9 12.7 24.3 12.0 |
50% CLD Load Loss, % - 25.3 8.0° 27.0 7.7
Rate of Stress Relaxation o _ o
—AILD/log time 072 065 - -

Flammability, ASTM D1692

Bum Extent, mches -—
Bum Rate, in/min B -




Am ne Catal yst |1 0.30 Am ne Catalyst 111

0.30 Dibutyltindilaurate 0.03 Silicone |

1.7 Trichl orononof | uor onet hane 5.0 Isocyanate | _Index
105 Mol ded Foam Shrink Slight Very Bad Remar ks

Shri nk Bad Shrink Shrink Physical Properties Density, Overall, pcf
3. 11 3.12 3.03 3.08 Core, pcf : 2.72

R-83 - 2.78 2.78 Porosity, [err]/mn/[err] . , 15.551 29.2
17.1 33.5 Resil,iency, %ball rebound _ 58 - 66 .’ 53
65 ILD (1bs/50 [err]) 25% _ | o 32.2 _ 2970
20.0_47._23.6 65% Rl -850 - 77.74 60.0
62:5 25% Ret urn TABLE XXVI (ContinuedB3. 3 85. 5 84.5 86.0
Load Ratio T T e 263§ ? 2. 65
Tensil e 'ﬂ"‘ﬁ!ﬂﬂﬁth _psi - —— _ Q. 1/1') 8.4
El ongat i %,m,ﬁ/gnons’ pbw TR - _ 17_3 - 107 . .' 161 - 98 Tear
#esi stance—pt—m . . -l 71 - 0. 14 1.03 -~ 0.44 75%
Corrpressmwivol%l’)w% )- : 10009, 6 = - 8. 0100 . 14—4 © 8.9 Hum d
Aging (5 ol 1) 50% Co ressio t,. % 20.3
J28 m,ﬁl ol iangb(pe/i) D Ead Lossq_;.)(ﬁg/)o -z e %0 15.5
40. 6 e of Stress Relmalon-[err]ILD/Iogtlne
. 065 7Catalyst1- S ?0 mrercially avail abl e pr%i or art polyol

[ aiTabl e prior art polymer/ pol yol

- descri be£ a - Conmer ci aI 1
descri be uﬁma{, Pol yrer/ pohyad of this invention produced as described
above fr dihidohel poI yol of Exanpl 65"12 (4)- PoI yol -made as=—=i n Exanple 12 but

.0 1.0

on a | ar galicosy 1,512,710

49 Exanply l;ggwb?) 3 Ca‘ gél’l MeNt s Wk £ _ {ne whet her or
~not the addl tion of % crosslinker (tri et hanol ami ne). to a formul ation

cont ai ni HgesRige Feams:P; pol yol and .a priqr art pgl r;rer/pgl%ol ‘woul d result
~in pol yureéhaage foans of inprov nm.lmdg% - g?‘ g and stress rel axation
properties. The results of these -experi rrents are shown .5 in Table XXVIII.

The resulRhgsisélReepettias t-he .f or nulati ons containi ng the cross- |inker
o esul ted gt oaNERNa¥%t Ng poorer ;Wlm d agigg congrogsm 0ng §gat
Core, cf _ 242 2.6l © 2,62 72,65 .
Porosity, ft /mm/ft _ 65.5 - 78.0 68.3 7.5
. ‘Resiliency, %ball rebound 67 _ 70 T 67 712 .'-"' L
] ' ILD (lbs/50 in? - R IR o _ N
- ' P : 28.4 309 - 290 0 311
65% - . 72.4 719.4 - 750 7 U800
© 25%Retam . | . 84.4 85.8 82.8 .. 852 ..
LoadRatio - .~ | 2.55 2.57 25 . 25
Tensile Strength_,_psi B 150 . 127 18.8. « 1220 -
. Elongation, % c 162 121 co 1880 e ARG - o
~ Tear Resistance, pli . 150 0 0,70 1.79 082 .

75% Compression Set, % . o ',8_.5_ . 6.3 - 7.4 54
Humid Agmg (5 hours at 120°C) ”

o

50% Compressmn Set, % . -13..9 , 8.1 13.8 8.
50% CLD LoadLoss, % .- .-  -21.3 - . 10.5 279 9
Rate of Stress Relaxauon : . ' _ PR _

» : h L S
. —AILD/log time. . = - - : 065 - 056 -
Flammablllty, ASTM D1692 o e '

v Bum Extent,inches L - - 50 . 50
Bum R’ate, in/min N - 3.4 4.4

(1) Commercially available prior art polyol described above. -
(2) Commercially available prior art polymer/polyol described above

(3) Polymer/polyol of th1s invention produced as described above from the polyol of -
Example 12. .

(#) All other properties are for molded foams The same formulatxons were used for-
both the molded and free-rise foams. o _

(S) Polyol made as in Example 12 but ona larger scale .



TABLE XXVI 11 Effect of Triethanolam ne (TEQA) on HR Foam Properties Exanple

38 39 40 41 Fornmul ati ons, plow Pol yol |
60 Pol yner/ Pol yol I_ _ 40 water _
2.8 Am ne Catalyst - - . 0.08 Triethyl ene Di am ne (Solid)
0. 08 N-Et hyl nor phol i ne : -0.80 Dibutyltindilaurate
0.03 Silico I o L . 1.5 TEQA : o
- 1/ ' 2 . 4 |socyanate | .- . _ 105 \J
| ndex Mol.d. EXiy Tinme, secs. i 68 56 53 .40
Physi cal rties Density, overall, pcf : _ 2.77 2.82 .
2.93 3.134%o0re, pof _ . LsI371@.58. . 2.51 . 2.53. 48 63 ~
Resiliency, T ball rebound .- Examflés 3410 37, 63 63 BZTTID wt-
(1 bs/ 50 [er r] "25%  Another comparison was made of molded, higi resiliency ﬂylﬁethane fo’&ﬁls8
33.4 65% . made from a lyol of thxs mventxarzasahe sol lygl compogept gld Tom ¢ -3 Load
Ratio - .~ . polyol and po mer/ .In th mples a latlonw ss .
~ water.than the form u& es2 wou (;
Str engt h, pSI ~ produce foams havmg er stress T on and humid & mgat i on, *
% . properties. The résills are shd @@ in Table XXN1I and’ suffdpt fﬁeapndﬁrs&nst ance, :
pl i . © drawn ang efrom the resylts shown jn Fable XXV cqgcefg% @6#&'{“&§§ﬂ’6n Set , % o
9. 4 9.4 . . @olyol.of Exagpls 13 g {hg sﬁé,"ﬁé“(%“‘r%’t‘ﬁ" [err]) 50%. . .
Conpr essi on Set % . gtOMBLEX)Q\ZItIhS . 25 0. '27.2 CLD Load
. ion uretha
Loss, % . . 33’ a?;nd 1 ol mergﬁgro 28.6 Exanpl es 42
to 47. 10 _4x4§;f,ger| ments were coni uc cted: T, efshi ne yhet her37or -not
decreasing the T - : ns of
. . ormul , B .
i mproved hum d agHhR anu m.ess rel axation propertl es in a formil ation .
containing a pri 5?13'%1 } J? and a prior arﬁ pol yrmer/ pol 381 Tothis end
ymer P 0
i socyanat es -havi pgy le to AFPI ratioga were 6grrpl oyed. Th@oor@sul ts
are shown in TabPelsmm&(yoandEMealds)lS -kndi cata® no |nproven:ent I n
stress rel axati owa 'r%pert | gs. when the functi %ﬁa ity of .15 the isocyanat e
is increased.  ,aieCe alyst I 030 .. 1,512,710 - |
50 TABLE XXI X Ef h@mb oa}aw'f[m AFPI Rati 0s. on bﬁo oam Propert I es. Exarrpl e .
42 43 4!§1butyltﬂ1511aurate 46 . 47 - 003 —>
. . Silicone [ - 1.7
_Tnchloromonofluoromethane - .50 s
Isocyanate I, Index .~ - .10
Molded Foam: | N LT e
e .+ - Shrink.- Slight = Very’ '-'t--Bad S N
Remarks - e T . .Shrink  Bad - Shrmk S
ST I e : SR Shrink .
Physical Propetties o : o
Density; Overall, pof ~. - = 30 312 7 3.03 . 3.08
: ' Core,pcf .. - ..am 2.83 - 2,78 . 2.78
Porosity, £t /min/ft* - - e 155 292 11y -+ 33.5
- Resiliency, % ball rebound o . 58 . .66 53 65
~ ILD (Ibs/50 in% R o I o
| 5% . - - 32 290 200 - 23,6
65% S '85.0. 7.7 60,0 62.5°
25% Return o . - 83.3 855 - 84.9 ' 86.0
Load Ratio = " - S . 2647 268 300 2.65
Tensile Strength, psi 199 11T 142 8.4
Elongation, % _ ’ ‘173 - 107 . . 161 .. 98 _ , ,
Tear Resistance, pli =~ .17 0.74- '1.03 - 044 e
" 75% Conipression. Sét, % o o 9.6 ‘8,0 144 8._9'-_-' ' )
Humid Aging (5 hours ‘at 120°C) I
- 50% Compression Sét, % - . 203 12.8 241 T 10% '
50% CLD.Load Loss; % -. . = o 4x 155 406 0 210
Rate of Stress Relaxation o _. o ; _ A . |
__AI'LD/log'time'_' e o=

(1) Commercially avarlable pnor art polyol descnbed above.

(2) Commercially available prior art polymer/polyol des cribed above

{3) Polymer/polyol of this mventwn produced as descnbed above from the
polyol of Example 12.

4) Polyol made as ‘in Example 12 buton a larger scale.



Pol yol | 60 Pol yner/ Pol yol | 40
Wat er 2.6 Am ne Catal yst |

_0.87 0.10 0.13 0.136 0.15 0.17 Amine Catalyst II

0.32 0. 36 0.48 0. 49 0.53 0.60 Am ne Catal yst |11

0. 26 0. 30 0. 40 0.41 0.44 0.50 Dibutyltindilaurate

0. 015 Silicone | . : . 1.5 I socyanate Ratio (100 ndex)
BV ' L 100 80 . 60 40 20 ‘0 AFPI
0 40 60 80 100 Mld Exit Time, secs. §Y

20
64 . 5 74 110 110 _ Physi cal Properties Densijfy, .
overal 8 nct 2,97 "52&9@ Al S P 4 core,

;o . . Bgmpleg 3811 41. 2. 2. : / 50
Fg\f’r 1) 25% lilx;l)(erir(nentf w?rlg cond%,cte_ :_o de%r%u@ évhtzitlhiz (g_ﬂisaglgiuzn ﬁd ?I8L$) (! t?),g 2
. crosslinker (triethanol amine) to a formulatj ntainj T yol a . .
34.6 65%  prior art polymer/ olyol-wogld result in r haneggﬁ of iﬁﬁm&ed huléﬁd- 1 87.0
91. 0 Lead Ragingmnd stress relaxation properties. The res@ts bf theseZxp@imend agGhow? . 86 5 2. 62

2563 Tensi | i 'I_E;tb}ee}jﬁygl. jresults show that the fozgp]#tionszzgr_gteining f%g__gfoss- 14.4 = 13.4
11,1 E onga rllkgrn{esgo din f-gzgxs having poorer humld agnrlféempressiwet. 135 . 107 98
72 Tear Resistance, pli .. 3.6 1.8 1.2 0.9 0.7
Q 5 Conpression Set, % 75% TABLE XXviI ' 8.7 9.9 8.8
7.3 7.9 7.8 88 of Trie'thanolam'in.g (TEOA) on HR Foam Propésti@s 8.8 7.7 7.5
7.5, Tlsthgld A9ing (5 hours at [err], 50% Cypresson Sej %
: . JdoT . eJ. L LJ. U LU. O. 1. o LUAU LUOO, AY .

31.8  21. Bormuidfonk, plowd. 7 25.8 . 17.0 * TDI to AFPI ratio used in
‘commer ci al _process of prior art. TABLE XXX Effect of TDI/AFPI Ratio on Rate

of Stress o%& | ooglfor Mol ded HR Fod anpl e
48 Water _4°éy ornul ation; pbw Palgyol .1 S . '
60 Amine Cata@ysPD| yner/ Pol yol |  0.08 . N 40
40 \Wat er Triethylene Dia.mine.(Solid) . : 0.08 o ~ 2.8 7 2.8
Ani rie Cat apydfyqopholine . 080 '0.08 - 0.08
Tri et hyl engjligénr@m ne . (solid) 1.5 ) 0.08 0.08
“N-Ethyl M Eﬂblinf - T 1 0.80 4. 0.80
i but yl ti ndPrEMtat e _ + 105 Index 0. 03 —> 0.03
i | i cone | \pold Exit Time, secs.. o : 68 56 0.7% . 40 - 0.75
- TDI/ AFPl RBhysica( BAPertiedex) - . - 80/ 20% - 70/ 30 Rate
‘Stress Relaxatloﬂié%err]lLD/Iogtimg_- e 2 o . 0.074
- ( ensity, a A : - . _ o
077 * TDPeRsH e LBt i o used in comiﬁsrgcl al pigcessz@g priyy; art.
Resiliency, % ball rebound - . 63 " 63 63 - 64 '
ILD (1bs/50 in?) | o | o
25%. - 22 me o w8 334
65% . 72.6 76.1 84.8 102.3
.Load Ratio - 2.67 2.76. 292 - 3.07 .
Tensile Strength, psi. L. 221 - 188 18.9 17.6
Elongation, % - - S 170 133, 126 © - 102
Tear Resistance, pli 2.2 16 - 1.4 1.0
75% Compression Set, % o V9.4 9.4 8.7 8.1
Humid Aging (5 hours at 120°C) B S '
50% Compression Set, %~ . 200 - -24.3 250 272

Ar CLD Load Loss, % 34.7 31.5 - 28.3 . 28.6

. Examples 42 to 47, . .
10 Experiments were conducted to determine whether or not decreasing the TDI 10
to AFPI ratio would result in polyurethane foams of improved humid aging and
stress relaxation properties in a formulation containing a prior art polyol and a
prior art polymer/polyol. To this end isocyanates having various TDI to AFPI
ratios were employed. The results are shown in Tables XXIX and XXX and
15 ~ indicate no improvement in stress relaxation properties when the functionality of 15
the isocyanate is increased. ' :



51 1,512,710
51 WHAT VE CLAIM 1 S:- 1. A normally liquid polyoxyal kyl ene-pol yoxyet hyl ene

pol yol__consisting essentially of: (1) polyoxyalkylene blocks that consist.
of oxal kyl ene groups containing at |east 3 carbon atons, (2) -
pol yoxyet hyl ene bl ocks that consist of 5 oxyet hyl ene groups, that.

end- bl ock at |east 35 nole percent of the said 5 pol yoxyal kyl'ene bl ocks

and that are termnated with primary hydroxyl .groups and (3) the residue of
()
O

ame starter (as hereinbefore defined), the said polyol conprising

9;0 wei ght “percent of the salg B3 oxyal kyl ene bl ocks and from 10
t : : % hlaocks. ha.se.d_n.n-_L.h.L@n.Lal —-

10 . weight of bl ocks in the poI onTAEIrEIXNa(\n ng (a) an average of at S
| east 3:2 hydroxyl - 10 gr Bfigs o EDL/ABRIRutib£on KR Fosin Pispliriéey| nunmber no '
greater than 453aﬁgk(c) at | east 35 nDIe¢Qercagt om4pr|qgry dero%_l_
groups, based on— : AHREF— e y— . _
polyol. 2. A poPﬁWﬂIas clalned in- cIa|mGD
wei ght percent_ggwig"“w¥he sai d pol yoxy
wei ght'. percent Qihgmgaiﬁ 15 pol yoxyetgdy WE1oPT @G 3
wei ght of bl ockdming Catatyspid| y 3. A polos3a alsssclalmdom C|()§',I3m 60r claim
2 having an ave eCﬂP‘YFF%‘m 3 8 to 4. 8 Hy26r 0030 .gi0cps Opier . Askecolse. 4. A
polyol as clai ngolHTaNBhe of clains 36 3 NAvI Mg & Nydroxyt momer  of

20 - from 25 Ichyaﬁate Ratio (100 Index). )
20 5. A polyol asTBlained in any one of 10he QDECedong @0alnnohavong at _
| east 50. nol e- % of*F B?lnary hydr oxyl grodbs, Ba%ed Bn t K® t o8&l nilfber of
mol es of hydr oxMéld §xio Tjpee, iseest he pol yol~. 68. Aepol yok asiod ai mrd ipoqcl @i m 1
substanti-al ly aBmhRﬁEPﬁbﬁ&are descrlbed |n '25 . any one of Exanples 1, 2
4 to 6, or 8 to_47. - - 25 7. A nmethod of :
produci ng a poI?B‘Is“&s“E‘P‘élflﬁéd in any onigf B33 pﬂééedﬁﬁ% CcB&B B 38k ch

met hod conpri seg react! |h at |east one rtér° (ad#er di*hbefdfe &4%ined)
wi th propyl ene #orm a. pol'yol intermediate and then reacting the
pol yol internedi atzs%wi th et hyl ene oxi de st3 yisegd the regwirefls pokyel . 30
8. A method as cké5 d in-claim7 whereilk3.& @&@as§1&n1hydrOXIMe giat al yst' i s’
30 0 348 assi st the forndtfon28P tRd8poPydl PAterAbHiate. 9.
A net hod as cl a%g% Strpnslhaplm 7 or clai mzzggm%reu n:lgsze ﬁ;ﬂartmﬂ s1eit her
wat er, -or an or ound haV|ng at as ou ct t¥e ﬁrogéh ‘at ons
and up to 20 c Qon MHQ : 136 trln‘;gthoalzas &a; d in%laimo
wherein the organqu %ﬁp Whd isa 3 oPO! yhydri g . alcohol or a -
primary or secondamggam ne. 11. A nethoétpf @@oduéhng z pol a%sclalned

_ & agh pglﬁgsi;@{ﬁb@before described in any one of I‘:'xarrpl es

1, 2, 4to 6 = - yol when producing a nethod-as cl ai ned
in any one _0331 P‘Ff;t‘?l‘ $eF=%4O -13.23, 187 pok h'er | yod.8 comppsi tion
consi sting esseﬁ}l £% R ( ] or 28%outito of a
nor mal ly Ii qU| a* 'pblltymakalﬁylueﬂeinpmﬁwm@&&y&menmnyol T T

?é ._

inclaim?7 -subsﬁ@ﬂ

'  TABLE XXX Lo
EffCCt of TDI/AFPI Rauo on Rate of Stress Relaxauon for Molded HR Foams-

.Example o _ ' 48 . T a9 -

Fotmulatlon,- pbw

Polyol I : 60 . 60

. Polymer/Polyol I 40 : 40
Water - o e e 28 . 2.8
Amine Catalyst] . . 008, .. -.008
Triethylene diamine (solidd .~ ..o . . 008 ... - -f“'.-O..OS-:'
‘N-Ethyl Mompholine - ST 080 L . 0.80 -
Dibutyltindilaurate =~~~ . 5 . - . 003 .. '-50'03--'
Silicone IV.. . - A 075 o075 -

TDI/AFPI Ratio (IOOIndex) R 80/20*..-'.'_. h -70/30

Rate of Stress Relaxation

~-AILD/log time ' 0.074 0.077

. *TDI to_AFPI ratio used in commercial process of prior art.



consisting essentially of: (1) pol yoxyal kyl ene bl ocks that consist of
oxal kyl ene groups containing at |east 3 carbon atons, (2) pol yoxyethyl ene
bl ocks that consist of oxyethylene groups that end-block at least 35 nple

percent of the 45 pol yoxyal kyl ene bl ocks ‘and that are term nated with
primary hydroxyl groups and 45 (3) the residue of at |east one starter (as
her ei nbef ore defi ned), the said polyol conprisi 97 ght
percent of the said pol. yoxyal kylrene bl ocks 10 to ercent
of the said pol yoxyet hyl ene bl ocks, based ngﬂgﬁu "&N”"L “wei ght
of blocks in the polyol, and havin ) an ast 3.2 hydroxyl
50 5cllrmmq per nol pm:l e (h) 1) z Y\/I nunth__n_Q_g_reat er. .45 and

(6y at | east. MA’BUVETEILAIMGS(-:—ent of pri mary hydroxyl groups; based on the

total number &f Anwprmally f ligyidy Iypyyeth | congistipg (B) a ni nor

smoin "of SRl I REER ?E}”f G S0 cn car

unsat lsrat ed:x el gro of Mgt Sl BlooR| at01eadoy35 fnGE ﬁc’ldinﬁ tolsyider i zagi on, the
pﬂgnq quhendft m’edﬁ BupiAngd  di spersed in

[

the poI on ﬂ? 33 rein the polyol
t her eof - corf%m %‘ioesﬁ s b efma aﬁs Sé%%g of the said
pol yanyal kyw}e@taoﬂjﬂmt(mlthﬂ lalmndhamm(a)mea ge eutdmstts dtol 3 sai do
-poI yoxyet h>SF %P‘EI yle, m‘é | n the pol yol .
60 r‘_’é‘gl %?Wr?@&ed"ﬂﬂatgag b? 2P %h 14 wherein the
~ pol yol er/epély asclaﬁﬁxem elaﬁgecﬁfslsﬁrrgmﬂramm toc974ue&h yeidetdfl gr-oups per
nmol edsl e Il@‘;e said ME;wslkxlmm S@Flé.lftmdﬂtﬂ apeis pr#eid13 t 3515
wheret ' asbepglpe g TS AT S
corrp03|t|or4 Sb& ,aaycmme of ¢l ai erein the polyol
52 ¢ 2A polyol as claimed in any one of claims 1 to 3 ha¥ing 4 Ryd7d@@] number of
52 t I#8r eof ‘P Xe) r QX r bag@d on the
t ot al nuanlz?gif/? glasc lgfd&l%mgﬁggprﬂ%ﬁ &émsg ‘X'%ﬁfaq lf;ﬁl%?-A conposi tion
as clainmed hwrowngrotnpsamaﬁe pol 3 to 17 COI’ISI sting essentiall y of from3
to 35 wei ght 91 agfel 3{ tl#llwmwansorsslembgm ZIS per cent
of tHe “pol V&Y gi? ? tin Qhy bilCofRRd ¥idEingnd poOTyol 5
19. A COFTDQ!“airﬁd wﬁiclasae €8 r Nngoﬂtele égéafm& g ‘g. Bé?':%nerel n"the

pol ymer i s defimediwittonr Omjimle@lsl atquazdqu otermpdifte and Gll@@tlasthmel ght percent

)| l %%1 e{pe
acr y's%”' tr |PP{§0 dﬁg:rfho as §§lmfe 3i,n gal vgl ):n apo a%lg ydrox:grgaéeﬁyst gased 3n t he
, 50'[ al™ wei QQEedQB askist eUOintatibn Bf the VYihfehife conposi tion as
Clainmed in cl & mmetibdsas eimed inaldiy 7o dmneslwﬂa&ﬁmthe starter is eithetO descri bed in

any one of %‘Eg(g% Qrgimc @mm?uﬂd)hae'mseﬂegt four eptive Ipydrogen stempand ¥pf  pr oducing a

conpogi ti o asrua,ﬂyd ﬂlna [ 9 GnérefdBmd 3r Bre 28mpllaa"s 4t hodscompri ses
pol yrrerl Si ribglyﬁydﬁbra&bhcﬂ,rm rirfdry of s eriaty, angie ethyl eni cal |y unsaturated

mononer in.a me rOQﬁCI |as bltnﬂdanwbdn7r$u11 ntially asany one of
clains 1 tc5“""61 ?f° tod ?B‘I% 403 2 BbE. |7§@ joon catalyst at
15 a;oerrperatwe\ oh ng) ss a j:afea yst i's ‘Mo quger t han

Ssi X m nut egA) Q@ajovﬁarm;mhddi rm&m lyduludl o) OJa{akyi )toxxyg{y Ig'blmlmed in claim?21

1
Sl alcP pssa ?gnmﬁiﬁﬁﬁt@cg}wﬁgﬂ po yﬁ(cye lene fes 1. 2, 4 to

6, or 8t 0 oxyethylene groups, that end-block at least 35 mole percent of the
' 45 olyoxyalkylene blocks and that are terminated with primary hydroxyl groupsand 45
'?3) the residue of at least one starter (as hereinbefore defined), the said Eolyol :
comprising from 90 to 97 weight percent of the said polyoxyalkylene bloc
. _ - from 10 to 3 weight percent of the said polyoxyethylene blocks, based on the total
S weight of blocks in the polyol, and having (a) an average of at least 3.2 h{droxyl
50 groups per molecule, (b) a hydroxyl number no dgreater than 45 and (c) at least 35 - §0
. mole percent of primary hydroxyl groups, based on the total number of moles of :
hydroxyl groups in the polyol; and, .
» . (B) a minor amount of a polymer formed by polymerizing at least one ethylemcally
unsaturated monomer in the said lpolyol by free radical polymerization, the
55 polymer being in the form of particles that are stably dispersed in the polyol. 55
14. A composition as claimed in claim 13 wherein the polyol thereof consists
essentially of from 93 to 97 weight percent of the said po Yoxyalkylene blocks and
from 7 to 3 weight percent of the said polyoxyethylene blocks, based on the total
: weight of blocks in the polyol.
60 15. A composition as claimed in claim 13 or claim 14 wherein the polyol 60
thereof has an average of from 3.8 to 4.8 hydroxyl groups per molecule.
16. A composition as claimed in any one of claims 13 to 15 wherein the polyol
thereof has a hydroxyl number of from 25 to 35.
17. A composition as claimed in any one of claims 13 to 16 wherein the polyol




23. A conposition when produced by a nethod as claimed in claim21 or
20 20 claim22. 24. A process for producing an el astoneric

pol yur et hane which process conprises reacting: (a) a palyner/polyol
conposition as clainméd in any one of clainms 13 to 20 or claim23 or a
pol yol as claimed in any one of clains 1 to 6 o '

. . . n -
organi ¢ polyisocyanate in the presence of a catalyst for the 25 25 Ot
reaction duci ng the pol yuret hane. 25. A proces i | ai m 24 -
w_hle_rel n tfyery eaction is conducted in the pr esenceﬁmumulénnﬁu I nt and a -
silicone{stitfactant. 26. A process.as-claipmed in ctaim24 &u i :
her ei nbef e531('=qrri hpd __i Q.20 nne_ of i\ﬁ?vJWQc 1 2 bri-—6 bnE__a,gt; ;a\l J_A'%_as

27. A pol yur et hankeredichas pr loakti 5@ gh .,epfpripgtgslgdg)gf&l(g;@pwqdﬁnéﬁytgﬂe of L
1 1

30 claims 24 to gmbgrfjmoles,ghbydroxyt BIQNANIR hepolydler od Pag eniy AgRmE
e % A cosy ] o8¢ 'of. 7 (17 el 34
Qursitor Street, i o‘;‘ms%‘igmeﬁ F&%&&g_;tﬁé pd%aﬁ;r, sﬁ@tﬁwzﬁ GSMi‘gll%tOner_ y

Office by tBe Coljerddht dftiRspolyol, daset oftizncomibined Weigh: of Farpolysiee dndpolydhe Pat ent

O fice 25 Sout hanpt db. Sisooipesifion asipimed 1 , clajs “tor 18 wherein the. j
obt ai ned. - -ngi))lymer:_is'formgyﬁ;’t the copo yh_xgnza_:gln%. rb‘ni:'F %Om m&gﬂt hﬁﬁs may be @
' . acrylonitrile and from 60 to 15 weight percent of styrene, based:on the total weight' '
of acrylonitrile and styrene.. -~ - . oo o T
10 20, A composition as claimed .in claim 13- substantially as. hereinbefore: - 10
: described in any one of Examples 1, 2, 4to 6, or 8tod47. - ... . = S :
© 21, A method of producing a :composition as claimed in any one of claims 13 .
to 20 which method comprises polymerising a minor-amount of -at_least. one
ethylenically unsaturated monomer in a. _mai"or- amount of a polyol as-claimed in
15 any one of claims 1 to 6 or claim 12, using a free. radical polymerisation catalyst at - 15
: a temperature at which the half-life of the catalyst is no longer than six minutes. .
.22, A method of producing a composition as claimed in claim 21 substantially
as hereinbefore. described in any one of Examples 1,2, 4to 6, or 8to 47..
' . 23, A composition when produced by a method. as claimed in claim 21 or’ :
20 claim 22.. = o _ S 20
- 24, A.process for producing an elastomeric polyurethane which process '
comprises reacting: (a)-a goly;mer/?o_lyol composition as claimed in any one of
. claims 13 to 20 or claim 23 or a polyol as claimed in any one of claims 1.to 6 or .
claim-12 and (b) an organic polyisocyanate in the presence of a catalyst for the
25 reaction producing the polyurethane. .o S
' .- 25, A process as claimed in claim 24 wherein the reaction is.conducted in the
presence: of a blowing agent and a silicone surfactant. . - . . ...
.. .26. A process as claimed in claim 24 substantially as hereinbefore described in,
= : any one of Examples 1, 2, 4 to6,or8tod7. . - - .
30 " 27. A polyurethdane when produced by a process as. claimed.in.any one of 30 .
claims 24 to 26. U e :
- BOULT, WADE & TENNANT, -
. .Chartered Patent Agents, '
" 34 Cursitor Street,
- London, EC4A 1PQ.

25

Printed for Her Majésty's Staticnery Office by the Courler Press, Leamington Spe, 1978,
Published by the Patent Office, 25 Southampton Buildings, London, WC2A 1AY, from
o : ) L which cop_i_.e's’ may. be obtained. - T .

3



