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__ V=velocity, ft/sec.
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60 enpl oying certain aromati c pol yam nes/aromatic glycols as curatives
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60 increased reactivity over non-capped propylene oxide polyols thus leading to 60
decreased demold times for the molded article. Examples of the hydroxyl-
terminated polyesters are those which are prepared by polymerizing a lactone in
the presence of an active hydrogen-containing starter as disclosed in United States
Patent No. 2,914,556.
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process, gﬂk)bﬁ Thee ,phenols wtﬂaﬁhmwermledeh derwaw:tniutddeaosnem arthosr prepared by any

onesof seveﬁakhenwmﬂsirowpoqﬂné&alﬁﬁﬂl dut lf Anly @as pnsybstitwied Kect¥hove Tondensati on
reaction, the resin may be prepared by (a) by reaction of aniline with
nmet hyl ol phenols, or (b) the reaction of aniline with



phenolic resole resins. 50 The phenol s which can be enployed to
produce the condensation products are 50 the phenols which have at | east

one unsuhstituted reactive position on the aromatic nucleus. It is _normally

the case that the reactive positions on the aromatic nucl eus are those

whi ch are_ortho or para, and preferably ortho, to the hydroxyl group.

Therefore, phenols which have at | east one unsubstituted position ortho or .
55 para to the hydroxyl group can be used, but. if only one [ {
unsubstituted reactive 55 5

1, 559, 245 5 1,55984%0sition is present, it js?
preferred that this gosigded is ¥RseaqRiid greferrddiaha fHifradkioe ﬁdamolpistemmlomthhylckmomyl

group. The phenol s vihﬂ@h)loawpbéhe ¢r®1ﬁe‘dm¢h194mblfeemelnmd t‘¢1¢er1810n @HPJ t he
al kyl phenol s, the halgiHdht Y‘PMO%J RS g@ Slkoxyrp oI5 he

di al kyl ani nophenol s, edsndl I ANAG KD F6Z8 Positih oﬁ ke uaia{a ve at s
5 | east one unsmsmplbwehhanMtchva gsmto[ydnnmrdethéTnalommtphenlmwelneus
Specific 5 exarrpl Ea rrg a-, cﬂﬂe‘ Qe 7 2 a b

oTher . “pherol - or: TRegh Btk eyl SR NELREAR

and p- propyl - pm@nol ,doB&EIBheTnols RidhiideBynnemdls, & Chetil &@IbhdablE, Mhdohse.em IShendld) €he 10

pentyl phenol s, the hdésthy eq’ialtb;e dlbthpeylbie ol Itpehdahuilylahenphecrcmlu% phanbbtber t he
nonyl phenol's, the déﬁmlm %g(q;l dlk ro encg,aradwdj@eﬂ%‘T mqﬁﬁy p}:)?ngls ,_cigtam
pent adecyl phenol s, t B ) S RONE AL o B

di et hyl phenol s 15t he rdso &6ID|pBlprdghemdl ghehedrexyberzesyl haphdoisds antb
ot her m xtures l nes Pg;h he"°' P ri?gi ira
certain dichl orophenﬁldémh ﬁ B ¥ fe”e d"" r’b’sﬁrg‘g%ﬁ% ﬁﬁﬂ'@ﬂ

m, and p- et hoxypheda@ksen@d,bvmﬂe,fo u oxyp eno

p- N. N- di et hyl am nophenol . 15 resorC| nol 8 cat echol phl or ogl uci nol and
ot her trihydroxgbenzenes, naphthols, 15 di roxynaphthalenes

2, 2- bi s(parahydroxyphenol ) propane, bis(p ={! hydr oxyphenyl ) sul f one-, 20

and ot her bi sphenol Ssyhegsi rRa@h®Ghgivididly higpheXisba Mya@ioydn aeh. Ginhdkyl group
hydr oxybi phenyl s. rmefpnablB/éavlmjnqmmmhsn a3 earbMGnmdmrtamfewlwr@Pmesﬁent ed
by the fornula [er r] 10 carbon atomsbla lﬁydrﬁ(X);l ammohch]oro alkylamino orhdlalllé amino

t t t than
20 wherein eachs er rﬁto“%]d"”%d@aje&/agryefa?a SEE o SRS HoRt pvoda waacby| 25
group preferably havomg{‘noa hydvogen tatvamnthidiGis bmdbd)m ateacre andtmimhehqomeﬁmiaabl y

not nore than 10 car‘b'Gh“ ost fﬂéﬁ‘o G%FO'S asmqh?eol & pikylehenelp. imetagad paraor
i al Kyl arm no gr oup vITAFSERES Atehaiiog TndlipURSet BER bRV D!
y'

more than 18 cadbon adbtaldehydét prapiomuldthyaa emprc adriyiald€hyddTey prefe 30
carbon atons, provi cedthydezen memmmn‘@&rm’a@l ermanpgaacmnb dspreferend t hat
is bonded to a react a%\ggp@cﬁ'i‘ﬁ mfg%tﬁ’l’fdf F"Ethﬁ‘ilfﬂl%ﬁssthe%é{ ighjpercent
preferred phenols are NibmaticDminds a3, en’fH?Jy@d anthde athSsc 2RO RRENO! S,
and the nonochl36)rophemedemed Frmheadrﬁlelh HHRVWheteh: Acransna ery powtaath Hanatl lcadte 35

anmong ot hers, forma rg%g@““ (g; feac"&’cé? ngﬁr acﬁ‘ﬁ& ltel(r,‘;',s e
chloral . For mal dehyo{ﬁoge ﬁél' BB #ﬁé’éy;ﬂ% Ri?ﬁ%f

wat er sol ution or i nwiaéh Hav€amnag of€ Mﬂﬁtltutehtpodu‘.ionmﬂﬁ Gﬂ’ﬂ’a lﬁaenm gac;apra

f or mal dehyde i A0sol dtlzltbndqslrl\ab#eﬁo a§eah pmparag tbfh due%le@emedaq us 40
sol uti on known as foﬂfﬁé L AmtlC G‘E‘ﬁb %ﬁﬁﬁ ‘ﬁz fingy &

i ncl ude those which lﬁH’nﬁe ammes I Rk PSSE bt )énih R wagkyel n Ar
is an aryl gr ou? whi aindaaidinest dddehshaloaaﬁln@népqgtﬁlsukmrmletsuf eldmlauavmnwlmbm ti on

on the aromatié nucl @aée e'awﬁyaﬂmqhéﬁe meng \ne: BEPo™an

al kyl group. Ordi narfibavitiine baAGIdN6EH il gﬁg?ﬁaﬂ%'ﬁéé‘e%?a %E%m&m JiRh&: B t

and para to the am thrmpmnﬁmr] sprapyiFeed- dmnﬁmme&nuhl cllrbulnyshlze4 at

| east one wunsubstit ud deng:om 3@13 jagagiling da{’rﬁ"ﬁ ngings 40

hi ghly desi rabP® for it ylgg‘&é‘ﬁ@lg‘lf' °t£§§gr§° Er" r&qﬂﬂ.@yed iSA
the 40 invention. ﬁmadrsomﬁmﬂfc aammm c@fmn €01 lﬁbysaddc}ﬁiise

aniline, the am nopmalaoilsoerwzlehedﬂame arai kwnasmlmswttrmht:emllmlhlanns

al kyl - subst it uted @W BoRNamA Isplienesns %leyh haminophendly SURDE], lﬁl “{'H‘ es
napt hyl ani nes, al km&hy@ma&éra%&‘ﬁ‘lﬁ'éeshe@ ailolahi &alﬁﬁﬁ}afddaegveq RENGikG
exanpl es of ar orrat | Csubdtituees. hunicomaiding at leag dnaniigo laqubg@yeﬁemdbmdeqronamng

others, aniline: , AmRRY ape et el nibaacrsesentpd by thedorigle p-t ol ui di ne; o-,
m, and p- et hyl ani I | ne; o-, m, and p-butyl F‘n line 2,3-xylidine and ot her
xylidines, 2,4- and 2, 6-di am not ol uene and ﬁll n ot her di am not ol uenes:
| - ethyl-2,4-di am nobenzene; 1-propyl-2,4 hobenzene: 1 -butyl-2,4-
di am nobenzene; o- and p-di et hyl am noanili ne; o- and

p- di met hyl am noani | i ne:



50 al phanapht hyl ami ne and other nono- and pol yam nonapht hal enes;

par a- 50 am nophenol and other am nophenol s; o-chloroaniline and ot her
L nilines: aromatic am nej_f_QLnBJ_dehyde_c_Qnd_en_sat i on
products such as di am nodi phenyl met hanes, and
triam notri phenyl net hanes: bis(am nophenyl )sul fones such as —
5£S(4-am nophenyl) sul fone: N-al kylanitines 55 . such as

thylaniline, N-ethylaniline and. higher N-alkylanilines, N 55
hyl t ol ui di nes, and all of the aromatic am nes enunerated above havi ng
al®kyl substituents but codt’a?#ing at | east 1 anino hvdroges. The
preferred«hamrmtdpfeseamanleeroaafneamrh](msen alkilcdoupaprefoably @phasestt ed by the fornul a

[err] thgn 4 carbon atoms, and wherem each R? individually repreS_enE&QhMen

6 wher ei {{oR: PR ﬁﬂf‘% gﬂgvﬁ;‘?at“@m 1 ‘éi'i‘f" Sﬁr“e' %’a PSpreferably of not
MO 6 t hakofk hat Bdn0iBms, 304 ﬁﬁ e@rtﬁ gk endlRal |y represents a
hydrogenrmtc:@mts zahbdamemmomahek 4bmumo(arre nvcaﬁdsiyibnam the agpratlp wherein t he

al kyl gr8 glon o“ "é rda‘b] xﬁf ‘gé}?m r{gr%ﬂéha{; 18 caébon atons and nore
pref er ably, { ”g t {ppgens ’r"gér it oxyl group,

pr ofi dedthEhﬁEnoaﬁm yré%&a@ﬂﬂo cﬂfB varled fr QEapern@ \ net e F\@gen agomthat is
bonded tl?war r/’edesurlable e riaii@ of ohlenbhzenlmleomttweemmclaedls9 The nore preferred

anm ne i sp la’ iligg isfini@e Fange of 6:b prepare the
condensal} r% rabFﬁ ‘ng tgjqﬁz@gn subs it %&1 %édn? olsljgé exanpl e, -for
pheol aofdplwnolhammxeu iaemed aae B vaied from 20: mem@ @mlto anlahd B@erol ar 15 ati o can be

vari ed fF BPre "1d BA fFﬁ“ fphcm%ﬂ‘alll“]!?) aldetyyde is f@@ bWelr2|An@1eS| rabl e nol ar
Fati o of SEER Ko ! (R B, 0 e et o ol ar ratio
of henof’ndﬁmdl ne 1Is In the range o mo: and nost preferably,
fr 3:1 torhe PBBferWﬁenn@mbBQn mru«hed aanuos @yh ﬁamebnnmnaitlypheltol s add aniline

are enpl e‘i‘f{ﬁe ﬁ%ﬁ Og E@ fushicBut ed. The ratio 15
of (phen@ ﬁggﬁr Hahl6 ofa ﬁ%ﬁ Mﬁiﬁlil f By dls! 't 1ffr &ih P 3’? " #RE hi gher to 1:1,
Iomebecoma_s5m15hes1 mhefd#ficutd taralveid nreaauao redctifiphemieh mambﬂene) al dehyde is
fr  qcrpyglinkin °Ié‘hea'ﬁélc“ﬁﬁ§f° ?fté hapahyihe foagiFandpraducts which: ate Aga¥h, when
Lo o S S I e e:ﬂﬁé‘%% Em,@* il oved, the ratio
nay var yccmfbﬂ‘eanhatpr du@naré parni, atd RatRd readfd, the permanentl} elw ef erred
ngensafet Pf§ Pa?femtdnose whi ch are permanently fusible._ 20 The
prepar atdl@ﬂydi 'éﬁq‘@ ﬁﬂg g@gﬁ ggf?ﬁﬁ;ﬁ'&#”nﬁe‘ le‘hm #h‘? s deffendent
chiefly &bﬂ@ﬂnduh@m&imuﬂ mPéragh OQ,WPFOOBBQ‘%: gAhdHd it has been found
t hat whehfteritlee additian ofr ddehpeothichphetabé frami30 i mma eSt(IaIOd\e dﬁgérs snal I er than

abgut 1. Egd fi‘f}‘?" B’g‘g;‘b’ §mia'ﬁ s"1t 952 Vd t eta“trb ala\‘l/bi EESI dugl reactivity
whith prd KRR Brod tc?r%ie?ﬁgl; 3‘8 J}‘En e%&fﬁfémﬁdfffi?q though the

reacti omnpranduolmmts/\kmc ag@lbe pres , BY 6&?5111 kd e 160°(B—200m)hndoer manent |y
f usi bl e, thes; ‘ebe ﬁ"p& Qiespuae.t he | nven ti (gn t he pr ocessi ng advant ages
at Ugndan, LTS IR FREEDER s e el lpe :,,zf#‘fm“’mg SHAET on_ pppoduct are

appar entmtr@jaﬁi ihler med1a} adde a&Rentiohd) eEﬁfrﬁ'ﬁﬂ:eriﬁéaHs 1§J§d l@ fgaction products
are pr efmaterial of @@struction can be‘léheel puaefeesrstetl ghist boMoodl (Redistegedng out t he

M
Condensa?rltm f tle%nas curatlves m tl":le resen a dehyde SR ji; an agl t at ed

m g ure &éfer@&?'ﬂ ngaarlgw bl BHAr! veigh ml" &e d B E&on&mﬁdrbﬁiﬁé i ntajsned at a
terrperatq:raécybfxe ilyaom lerd‘ Is dised n&he’l ihveation, irgc ackwith maothé\fter the addi tion

of al de@fgg’ ﬁ@ E%{gz %“E;K‘écefrs eFﬁOrﬁu%f St thestam rh'@lafrnsltltgtmger the reaction

al dehy ao\ibﬁ;ﬁ'oi‘ehﬁ?d’@ﬁdorf@ll’ergyﬁbsb t—j'rvﬁtho lim erﬁuﬁ% I‘ea%l on peri od.
t he %ﬂsrtga!:t)itbnu pitiode fdame an then be recovered by strl ppi ng of f water,

unr eact eaq tih 5!@ Z er ?g iﬁrgwlébls useful in res n nvg;g:ége{ 9’%%41 e by h.eat ing to
from [ erhdlechier 1gm 18308 Slon' aedsaﬁ RO ahd SroBiiee et ventional

equs pnernromrad thf:y)!ireToh&laﬁ@d‘hydlﬁﬂ&&tdsﬁﬁwlidﬁ&ﬁhbﬂ@d toFor 44Q

exanpl e, " ktF f ‘pe V\nthaltator nmeans for reflux and
distill agelpqzhfnf,f: lj}f'g jﬁfwﬁraﬁ eﬁllE) ‘@% ‘thﬁo’?ﬁég if‘g?i‘aﬂ‘ayheat transfer
means, i(s), tdiphal mehyﬁlaardmtueaina]k e &Qj?é lix'd@ tR(b)CAO o §'t eel, stainless

st é@l , gIQisBeforennqvmwedtxo githe ewédne'l'ﬁudelaﬁm IBhch cTInextrmeohasf used;oas curatives

n the AR “{@@g‘?f@ﬁ sresh e B agg'gh* of @rd e abl yhavi ng a | ow
ol ecul ahe rodudi@B&h én@ oridE'BYd ;ﬂﬁm '}{h Q\.ras )(:l(?n xél] J) 45 or al kyl ene
gl ycol s.ther hlehlyd pdirsnauseds the glyduss Ana\beiyrend)ds)qdelamlu&oﬁhbmattltemhe\/\/l th the other

cubat i va¥NeAPT BAIEE of HetAdn.process of the invention, affect thesstrain rate
sensitivity




of the resulting urethane foam That is, the apparent hardness is greater
at hi gher strarn rates thereby provrdrng greater energy absorption at

I mpact . i .
wi t hout |npa|r|ng the tenperature 50 sensrtrvrty of the urethane foam
The preferred aromatic diol is the reaction product of ethylene oxide and
aniline. The preferred al kylene glycols useful in-the present invention

i ncl ude | ow nol ecul ar wei ght al kyl ene gl ycols such as ethyl ene and @
propyl ene glycol. They 55 provi de advant ggfss because they are of
relatively Iow'k/i scosity when conpared to omptic glycals In a 7
preferred embodi nent ofrhe heanmmriiobmateidlﬂaldwd attha/;eScesxfofthsemrenmﬁmalm may

be pre-m xed prior t@P"PﬁE’dﬁﬁg OFYr(Bh’”F n‘tféfmrt %"D’Fﬂiﬁé P t‘ﬁ’ (mom#tﬁr

examle. (a), the pERLELH PP Ay diflgnl SN (o)

the organic 605 Bl Odeactibef prio@uctsNCpr pie esat nlentmso ﬁdtbl atd 3Rt chain

formul ati on. Such a nﬂmtmroeylm)dlols or trig§) t@@mteaqfnhef ¢astne! APocessin@ Greggamaterialyy

el ght of (@) per 108, RLE ERING. o, St AR, - E@a.:rs:z""os"zttz
phenol - al dehyde- ar orgady C’on@ﬁﬂhﬂﬁtgr'ﬂﬁakeﬂzﬁ'oﬁ terarg M’blsﬁtabl@ TALEMInene B Hedies and
in the reactiol? produrlmne,osfulfetx Irret‘helcme(lpd&l)’Emd catbbhyil figkagd bt By wasmethgareect edio

in view of the highl Icﬁrﬂ“e é (ggy ¢ ‘:j%g gqugd danerswpr@fzfegroup Thlc
oxi de/ ani l ine in con H}'P‘g lﬂbyl ultable pdl yl ﬁﬁt%f g@ pggl em)ég

65 7 poly(phenylenetsocyanates) having the form
7 The organi c pol yi socyanat es enpl oye
i ncl ude nononeric and pol yneric organilc {8l yisocyanat¥s, aliphatic and
aromati c pol yi $ocyanates and prepoly acting a polyol mntn
an excess of polyisocyanate. The pre pol'yi spc tes are

qguasi prepol yners (especially 5 tHe reaction| products of excess
tolylene diisocyanate and short chéatn 5 ol yoxypr opyl ene diols or
triols) because of tierexskasah ayerape esed fidgn 1 mas:etnetam\er(pnafesablySwnt abioss.0).

pol yi socyanat es for algs loﬂufterﬁ dinh hlnqﬂtyh:nf.ﬁ pate: 3,3'-
Dol Yoyl oo yn?i‘;r% e e o T

in the pr ess of this invention

isocyanato grodp on #we lﬂirb%e diil6S/@nadd; O al |tﬁ‘e lidoR@fic AbBlehelidndbhnd xylene 20
i nt erconnect ed by arﬂne&tcmses mﬂ their resigdué prodpctsul f oxi de, met hyl ene,
propyl ene, carbony! | IRAGRSMEIMBE I Heren ol 2o pteniared (o a

benzene ring substi tyGEd dy odibat SPLYRRAA mrecm:t %oate%ﬁttgmrthag ofdl the
pol y(aryl enei séi:yanadue;)mcan be substi t ut ed e.g., by met hyI et hyl or pr opyis

groups. Suitabl e pol anav'e m an a@ees fl'y:m ll@h@d‘lde any
pol y( phenyl enei socy fg“oﬁ {() ) ﬂ%%)w%%
average val ue from Ja.g dbﬂr(?ad;lsdnuev anree oMs Ey h Ebc b&)s aridt her
sui tabl e polyi3$ cyana'ttoe@upmtrbde) glicl'as ghepty Icmetl Itr@ﬂtbrcqung ltaee 3,3'30
dipheny| met hyl ene s é!g%r@eitm arf’értm*:,@t? ﬁ@ﬁw SRy RREES T one
di i socyanat e; di phenyi-gidhlokdIR | AifleoRhNRRERES, i AMTRIGY S thlr.d meBRGYanat e;
and 20 di E)henquhroa@ameﬂldxromay,amatom-l amlo tthane| EMMMubmhtyhrenel and and

xylene 20 drlﬂ%e% at étshl@m m+4rm ereblﬁm @e’gﬁiugr f ftfl yst s35
enpl oyed in the proqég,%c o,‘té’féia‘iﬁ“?ﬁtre oAt ,ét“ﬁtdé“c ‘fé
reaction m xture andhé Hewidg@geat Gasloyed M deteeminadb the ganecnat ndmrcecumﬂun s

such as | ead ogfoat ealajtomgt yd bé prodidedulmathis, coturentlmtlvatletomvgerpguced:bfﬂtee and
triethyl ene 25 |s invention can be designed to have densities, from 0 pounds per

cu 1¢ Fo ertam 11cat10ns €. for utomobile bumpers, the elastomers
25 The bl ow ng agentﬁret@ (iy dén@'itl @orﬁ)S eésan@ £?‘H§1Sh19§/m theOdthietal syde any
conpound capabl e of @ehgingtfiang3 an20 naerstbyg:mghundeblowh:e ae@m(ﬂsut:h ansethged t o
cure the el ast I‘ ndelg trtcéla %ﬁ r 400, ? th gight tof‘ the act::::;e
1soc ale in
vol ati i zat i on)- E“ mm‘i%ﬂéhﬁ?m c UdlEto ,erman or/@% Qlhsby 4

hal ocar bons (espeC| 1ght6 VXEOFER DD Peitsay GvedBt of polyot do.sanf;duamrocar bons) such
as net hyl ene chl ori de ltrstrat;htvmlrlmﬂmsmh aithoiTedntiant,employ 3@all ar;lounts e.g., from

0} n mi
di chl or odi f | uog(pmeth afgrtwr 8hi Prssd dho oAl rraction mitiiendlalparies yypliter

trichl oromet hane, br habgisa é?!slrﬁgl@bﬁ?da suox URO6he ylene ﬁ @862 834748 and 50
chl or onet hane, 1, 1 2%7(480 voethék uskful d¢1isls uefr em'slhameare tha “nbnhydidlyzale 0

1, 2-2-tri chl or onet ha Slgﬁ‘ht’*‘o%‘th‘p feppttt(? tc ef“lSltfh rttbcthSLOF‘Fp derhane,
1-chloro-2-fl U§)§ oeth ﬁgl > ’ar:l'cl c‘%rm Pitsten,‘t e§ l: 4721 er’;‘heptl":tlteidé?anss of 55
2-chloro-1,1,2,3, 3, 4co$olhe¢3§a 14 OfF 6D tHcaitRdye- emafehtmryammt pdly ok aN@lene3 bloand

oct af | uor obut ane CI¢r>eplymsref1mIthablthn/wﬁgpﬂa’genm@lqt)nel bedded wthb piolypxyglkylene
hydrocarbons such as™Be¥ dfieuehhetchibomieediien das BET diexbiqueh emterdfrount
of the blow ng agent enployed is determ ned by the desired el enents of the
cellular elastonmer to be produced. In this connection, the el astoners
produced by the



40 process of this invention can be designed to have densities, from3

to 70 pounds per 40 cubic foot. For certain applications, e.g. for
—prefer—ecblry—ha#e—dens%ees—f—eem—B—t—e 40

and these densiti es can be achieved by enploying from3 to 20 parts by

wei ght of a bl owi ng agent (such as nethyl ene dichloride or —

| oy ononof | uor onet hane) per 100 parts by weight of the active 45
@/ -contai ning conponents and t he pol yi socyanate, in the reaction
45 In addition, a wat er bl owi ng agent may be enpl oyed in amounts

@5 tq 4 parts by wei nhf of heaf.24 per 100 parts by weight Af pol yol and
i socyanab)e'genl-tto siicaal SQBGN frhesn vdmeuscpgbelomﬁfne{phleoxyaiVHmel bleck 0 enpl oy smal |
anounts, C H ALY ﬁf m IF ‘;tmO R, ]‘e"ﬂéh R ceb‘ag%ﬁo%ﬁ‘io’t“ﬂ% tot al reaction
m xture, Inq 355'1 ssgf ﬁ (5%1 F%-Dha,reactlon r§1‘x'l% (ﬁ§ b@forMJn@L:er%@bl e”
pol §si | oxamerpa{cyemyahé(;thrmaﬂl bthminjesciopwh e asiuThusas the a@st he bd ock
copol yrrewberelers@dqdb rq»qqlhur Elw"%ﬁ)@@ s tophe ﬁ’n%dﬁcﬂosh 6bf[ECE}‘BG}lﬁMS and 2,917. 480.
Anot her gg%‘ﬂjﬂlqs i i 2¢ P%ffe‘fi ¥) AFee?PAE N AniRI B D PYPEhI e
pol ysi | oxane- polvoxya kylene bl ock copol ymers such as the bl ock copal yners
described in Uni tedlscﬁlyata?sStRament No. 305?15t®im British Patent
Spegi fication No. 55 and i.tish Patent Specifiggtion No.

ggo 471. The latter %rle%lfg%d f’tleh gl'x'%M ners differs fromthgél
above nmenti oned polysi | oxane(pmhlyemmd kyl ene bl ock copol ynmers in t hat the
pol ysi | oxane noiety is bon%ed ‘hh FOl yoxyal kyl ene noi ety through direct
carbon-to-silicon bonds §HE FHE ough car bon-t o- 8
1, 559, 248ince the polyurethane-forming and polyurea forming reaBtidhX YigORed @ el i con bonds.
These valcmrgut‘sthpoday@qnl rmx'aneea kyinmen bﬁluelb/kbe@egmpyﬂeds preferably

thout f il
cortt ai n ]wfb(mt ¢ prac 1ce£§;&£fﬁg jss of t§§ mven 1:r(1)b ne o%lnjlo? gtne%clpg %E’EI’ wlth the
remai ndeg, gk BdteRS l n?i)y Y Bbftenlpreférabie B B pftoySm this invention,
t he reactha@rongai oftanrlenscacmd)ef l@r mdngamdtecals eghrticularly th¢ prgagicor dance with t he

s_tggdar dpel mm"?tfésg kA gﬁesloﬁm?mﬂélcé‘?lile“eﬁ‘f%yqnﬁtef)H@d tatpdwt(e-25 where nol ded
ocel Pt ASISTREN A 0 b1 1R 8cBIANNGRE thit AeertigrhRLanss dedlribed in
Ref er encas Zn¢ref @Biorbih® GoRporeids laramaﬂnillbctanlaipers Arasm@aﬁolaadprocess sequence
i s as fobickegns. Isocyanate Strea ?(}/ ream 10
Ur %hane qﬁi% ‘@i %bﬁﬁ gls and polymer polyols describe herem are 4 osabl e Mol d
Derdl d &" a&a nce t pol yuret hane-form ng and pol yurea“f orning
reactions involved in the curgffinthg reaction mxtures are exothermc,
curing can ﬂ%ﬁh&%g@%pé%ﬁﬁ%e’s&&ﬁ% ifidstrates theWe&JﬁpH@enﬁ be 1appl i cation of heat
from an exefimrhl destdibén, the following abbreviations are used5 I n the practice of the
process of this invention, one or nore of each of the starting materials
r}Pbe eﬁ*b‘l“&‘f,‘é‘éjm In fact, it isMsepigg r ef erabl e to enpl oy nore than one of

east ReEHECOF the starting r’rﬁ’("eéﬁ"q\bsdr':gap menc *th’é“orgaﬁ’
poI yi socyanate (e.g., nixtures ¢ eﬁ%ﬁ}@gmeggh Ol SAE qﬁéeg&Cyanat es) and

catal yst (e.g., 20 both ti ﬂDe&ﬁld, mm@npahmjawstmﬁ This

20 ;The cel lul ose el astomer prod ancrﬁewé‘é am@ sperimantdl s i nyention are
uséful as energy absorbing conp&'%g ‘ffa’éfu %b‘\”ih "SRAThe? s, cPash pads,
and packggfergee 7he nol ecul ar weipg resvyo tAe «pahey ksecanst el yner pol yol s

descrl bed herein are 25 nugbepcedul%a tmleedmtamalv}?_ro?ht S.

25 joxperpnent al ; The fol lowing e eSS #top P ustr es t he
present :Rﬁen 0n. In the experlNﬁgFﬁ’]g Y a ﬂn%ﬁgte; | | ow
abbrevi ati ons are used. Abbrevi atCdinlar Plasucs March 1966. Meani ng 30
Ref erench. 1 poygdnt zen, H. and Dunleavy, R A, "An

30 gner gf&hbsor bi ng El astoneri c @& ", Paper presented at th s SAE -
Meeti ng, ftDetroit, M chigan, Janewty, 1973. This reference describes the

same expelinmental 35 pounds per linear inch work as appears
bel ow wi P respect to 35Pp0 El‘c Aot Ref er encen
3 er IOP parts b t

Dunggeavyp/ A., "Sone Aspects ﬁi M cPocer PalTar et hane sgvateri al
and mph mllcs per hour

cstks centistokes

mm millimeter

psig pounds per square inch gauge

55 Resin Blend of the active hydrogen-containing 55

components and catalyst used to produce a
polyurethane elastomer,



Process", J. Elastoplastics, 2, January, 1970. 40 Ref erence 3

Kuryla, W C., et al., "Polynmer/Polyols, a 40 New C ass of Pol yurethane
Internedicates” 1. Cellular Plastics Mirch 1966 |b

pound max maxi num 45 mn

m nute - © 45 ft. :
foot pli . : pounds per linear inch pcf

pounds per cubic foot pph : , ' - parts by wei ght per )
100 parts by wei ght 50 - % per cent

50 nph ' m |l es per9.Bddur cst ks 9
centi st okes aAM Abbreviation MedRidgl | Meter psig

pounds per square inghivgtaige 55 ReSi N Biend of the isocyanate component andd €nd

of the active hydrogen-contai ning 55 cilopiapengant anded atoal prsducdsed t o
produce a pol yw et hape el astomer. POIYWetha"C clastomer.

Activator
1, 559. 245 EW (Equivalent Weight) |§: @ lfoe%éﬁiflrcél‘btlon of reactant .
Meani ng Acti vat or tiod. MEis 1hS GG ANAL GuSARRONENt

and blowing agent used to produce a potli}yuheirhaca@ glnbiteomish ongram R/ A

Wei ght Rat'io ofp Resin to Activator hygro ggﬂ'l(ﬁ s o , en)'ggﬁ .
Aunit basis for calgukayi Qineh GRAGANT Wek GHhahabl 0% cqubales LAEMWRIght of
a substance that theoretically conbi nes w thydorg-cgiitairingfsusypadeeogen or ei ght

grans of oxygen i.e., 10 56 1] EW
(Hydrogen) =l and EW (Oxygen)=8. OH No. & b Pﬂpdr X rLSSManer (OH No.)
A neasure of the eqw val ent wei ght of a hydeexyl - cont al ni ng subst ance.

56. 1x1000. COH No. Expressed EWas mlligranms of potassium
hydr oxi de per 15 as milligrams of poypufy GpdrpEfEPFal .
15 FNCO (Free Socym(ﬂﬁee Isocyanate) A rreaSLﬁ Qné%iurfh) R NEwObr g 1§o§ﬁ9}{@-nat e-
containing material. 4.2 % FN x| 000 BE\MhfA(hing material.

Expressed as the wei ght percent of the reactive or free isocyanate content
of a 20 substance. Polyol A 4.2 A pol yal kyl ene

oxide triol produced from propyl ene a{hd et ﬁyglvene oxi des and glycerine 25
and having a nol ecul ar wei ght of about 4,900. The al kyl ene oxi de uni ts are
present 25 prpgrarily in blocks and the pr|nyseé]-ﬁsc@ﬁtwhtll§“&b‘o9ft 0
The ethyl ene oxide i s used to "cap" the tril§itiBLEdFeoiow @ ieafRyIne £ OXI i de?

cont ent this triol crpoaans 85 30 A polyalkylene oxide triol produced from
Ww.%([err] and 15 wt. % [err]. 30 mt%memmm E ogides and glycerine
A pol yner/.pol yo§ with an OH No. of about 282 g3 f about

gfehy
pol ymeri zi ng 20 wei ght percent acrylonitri |;§‘mﬁd?nl {fl%ugﬁlyé F CEH yﬁfgr.,yol 2
The polyner in the content is about 75%. The cthylene oxide is
_ used to “cap” the triol. Based on its
30 alkylene oxide content this triol contains 85
wt.%, C;HgO and {5 wt.%; C,H,O. 30

Polymer/Polyol 1 A polymer/polyol with an OH No. of about
28 which is produced by polymerizing 20
weight percent acrylonitrile in 80 weight

35 percent Polyol A. The polymer in the
polymer/polyol has a molecular weight of 35
over 5000.

Polyol B A polyalkylene oxide diol produced from
propylene and ethylene oxides and
propylene glycol and having a molecular

40 weight of about 2800. The alkylene oxide 40
groups are present primarily in blocks and
the primary OH content is about 75%. The
ethylene oxide is used to “cap™ the diol.
Based on its alkylene oxide content, this diol

«

45 ((::o?{taéns 85 wt-%, C,HO and 15 wt.-% 45
Polymer/Polyol I Azp(;lyEner/polyo] with an OH No. of about

32 which is produced by polymerizing 50
weight percent acrylonitrile in 50 weight

50 percent Polyol B. The polymer in the 50
polymer/polyol has a molecular weight of
about 3500.
PFAR The reaction product of phenol,

formaldehyde and aniline as described
55 below. 55



35 pol ymer/ pol yol has a nol ecul ar

wei ght of 35 over 5000. Polyol B A pol yal kyl ene

oxide diol produced frompropylene. and ..ethylene oxides and propylene

gl ycol and having a nol ecul ar 40

wei ght of about 2800. The al kyl ene oxide - 40 groups are present -
imarily in blocks and the primary OH content.is about 75% The ethyl ene
de is used to "cap" the diol. Based on its al kyl ene oxide content, this

d oI contains 85 w-%/[err] and 15

Wt _8 45 [err] Polyner /BP9 | | A pol Verer / pol yo

with an @HbMeiatief about 32 mhlchu«mmproduced by polynerizing 50 wei ght

percent agbyh@ndiorile in 50 wei ghtyRf,m,

percent Polyol B. The polyner in the 50 pol ynmer/polyol has a
nol ecul ar wei ght of about 3500. REAR The
reaction product of phenol, for Ideﬁy&e and-aniline as described 55
bel ow. Ttl;lel reactlc:in producdb5ef anillde and
1,5;9,24 clhylene oxide. reyjati
Ve ng DB PTG 1 [err] e AR GRMRyatly il ag] i ne dhd etyl ene
oxide. 5 Ar OrTB.tI C Di am ne | reaction product is a mi rer&@gﬁ:ﬂlhém- product of
ani line, 2- 5 chloroanggﬁﬂgrﬁmﬁ fh*ﬂuﬂdgnydéﬁgﬂhe reaction product
is|& mxture of aniline, 2- chl e APty fene dlanlllne

yln HE h d 4,4
(MDA) , 3- chl or 0- 4méhle b1s(2—ch§)r02nﬁlne)an(M0CA)

di am nodi phenyl et hane and  Reghktered Trade MAarknETHey Ir€idton

22, RO SN oL e Mk The' reacti on produc

[efq] g di butyltin dilaurate |socyanate A
An |socyanate bl end contai ni ng. 555 gﬁﬂ percent 2,4-tolylene 8 isocyanate
and 35 wei ght percent, 2,6- tonIene i i socyanate. 20 | socyanate B

The reacfion roduct of 80/20 2¢Bmwmhwnamae 20 dllsocyanate and

tripropy s%‘i*(é“"gﬁ $col . The FNCO oﬁ“t‘%’f “4 |f'érW tabout 30 percent.
Surfactant |* winghtl o c,ﬁé'zeé a;f 20 wt. % of a 25
si PBxanelsodyhmatkB copol yner havi ‘in rehi‘l&n product2 ss)nnu tofyRhe fOrmy a: [err]
(b) 10 wt % of a sil oxane bl ock Bndh $rip) hnhebs@rmhiural formula: 30
30 [err] and, (c) 70 wt% of a p §§ﬁ¥3$ ﬂ@“@ @mfr$évmbﬁbduced from

pr ogjyl erSurfastania* and gl yceri ne aAdmireiré REmavisiAg! €f Woawt svedraht of
2 siloxane block copolymer having the 25
structural formula: '

Me,Si(Me,SiO), ,—(MeSiO), ,—OSiMe,
CH,CH,CH,(OC,H,),0Me

(b) 10 wt%, of a siloxane block copolymer
having the structural formula:

30 Me,Si(MeSi0), ,—(MeSiO), —OSiMe, 30
CH,CH,CH,CN

and,
(c) 70 wt%, of a polyalkylene oxide triol
produced from propylene oxide and

35 glycerine and having a molecular weight of
about 3000 and an OH No. of about 56. 35
(“Me”=methyl).

Surfactant I1* A mixture comprising:

(a) 159 of a siloxane block copolymer
having the structural formula:

Me,Si(Me,SiO),_.,—(Me?IO),_,—OSiMe, 40
CH,CH,CH,(OC,H,),OMe

40

and,
(b) 85 wt?, Polyol A. (Me=methyl).

*Not critical; used to produce a more uniform cell structure in the urethane
elastomer,



35 about 3000 and an OH No. of about
56. 35 (" I\/te" =methyl) . Surfactant 11* A m xture
conprising: (a) 1 }
formul a: 40

40 [err]_and, (b) 85 wt% Pol yol A.- (Me=nethyl). *Not critical; used to

produce a nore uniformecell. structure in the urethane el astoner. 11 @

1, 559, 245 ' 11 "Stream Wi ght Rati os’
(R'A) referred to bel ow are cal cul ated as fol | ows: Three val ues are
required for chlculation of the streamwel&%¥atio of polyal to 1

i socyanat e—t he fr eesteaROVaRALEEIELTTREN reRfred lbebéncfvpgrmn@tlﬁe@aﬂfoht\% hydroxyl

nunber and noi sture co’ﬁtrerrnalt@iarblne]u al Ol:alcu]élﬂelyolttaﬂst desighr ritio elipdiyo
standard 5 5 #n ‘hen%t"ntﬁt‘éfélan F*t?ulF 4@t?sdﬂrddh¢ (‘JW‘TO’E% ven:

| socyanate St ream F&@f‘gﬁ BRIy j,ﬁg,g%ﬁ’é ° BRPyTedSy s@atA err] s
Content =. 090% 1 Moi sture reacts wt |socyanate and i s not

accounted for by the C!?‘FVNO of the 10 é The OH No. nust be corrected
by adding the OH No. equilf ;ﬁg 2 e P%to the OH No. .090x62.3=5. 6
142x5. 6=148 (correct ed Opo t H,O ContéHe= 694 val ent wei ght (EW of the
pol yol and of the |so anate are then cal cul ated. 15 Percent FNCO i s based
upon EW 42 (NE&O) andl X " act lt*'ota% tsrﬁn%gxf?tsa%mg rgmhezS?H thefﬁw

| socyanat'e= Water B3 8‘”% fe OH No cGuvale 148 20
Si nce one equi val ent of |socyanate pl us one equi vaI ent of polyol are
required to 20 nake a ur@®Pk@deSHol yner of FNCO OH equi val ent ratio of 1.00
(or 100 index) then wei ng‘z’pa?ﬁl‘S‘ %‘P"‘iﬁ&ﬂdm Negd i socyanat e=380/ 162=2. 34. | f
an index ot henst hanTddduiviled Q2ight]EW) B SViyBHdr of the R¥cydilite 4R then Ldldif¥ed?S> 15
Wher e Percent FNCO is based upon EW 42 (NCO) and OH No. is based upon EW 56.1

25 R=the weight rat{k®Her 100 i ndex And R=the weight ratio for any index
other than 100 For exanple, the calculatigs fog§ a 103 index is: 2.34 30

R =-x 100=2. 27 EW Isocyanate @ 103 Where i =103 or 2.27
parts of the polyol should be reacted with 2600 parts of the isocyanate to
provi de a urethane pol yner of 103 |socyan5%te doadex 35 The

foll owi ng foam ng characteristi cSpwng t,ga.m_p.r_g_peggd es were observed or 35
measured with regard to varl ous cell uI ar poldguret hane el astoners produced

as described Qgl ow. .Cr eam |.e
Since one equlv ent of isocyanate plus one equivalent of polyol are required to 20
make a urethane polymer of FNCO/OH equivalent ratio of 1,00 (or 100 index) then
. weight ratio of polyol to 1socyanate—380/l62—2 34.
If an index other than 100 is desired the formula is

Rx 100
z Ri_

25 Index
Where 25

R=the weight ratio for 100 index
And R,=the weight ratio for any index other than 100
For example, the calculation for a 103 index is:
2.34

103

30 Ri= x100=2.27 30

* Where
i=103

or 2.27 parts of the polyol should be reacted with 1.00 parts of the isocyanate to
provide a urethane polymer of 103 isocyanate index.

35 The following foaming characteristics and foam properties were observed or 35
measured with regard to various cellular polyurethane elastomers produced as
described below.

Cream Time
The interval of time from the formation of the complete formulation to the
40 appearance of a creamy color in the formulation. The cream time is proportional to 40 .
the rate of reaction of the formulation.

Rise Time
The interval of time from the formation of the complete formulation to the

attainment of the maximum height of the cellular elastomer.



The interval of time fromthe formation of the conplete fornmulation to the

40 appearance of a creany color in the formulation. The creamtinme is
act-ion of--theformulation—Ri se Tinme The

interval of tinme fromthe formation of the conplete fornulation to the

attai nnent of the maxi mum hei ght of the cellul ar el astoner. 1, 559,245

k Free Tine The interval of time fromthe formation of the conplete

ation to the di sappearance of the tacky feel fromthe surface of the

ing elastomer. For the sake of brevity, the cellular polyurethane

0 - helow 5 1559283 sopetines referred to sildply as

"ur et haneEck Free Time 5 Preparation and Properties

of Phenol -.Fothdr ‘6%‘ dimg F ngﬂéﬂw F‘F?\ m#‘F‘FéH{ ﬁdon@tt’marged with a

dlsa arance o
50: 50 wt DERERR: Hﬁé@fﬁ&égn .?H th@ﬁéé [ﬁ)ﬂn{‘ ?gqh l’gggab 15 psig
ni t rbgen. ara’h@nae:&ewmddao ﬁ?r&:ll)e fuget Akg"| Forma yde I'S ed i ntso the
reactor in an anount of about 10 wt percent of the phenol al dehyde m xture,
10 whiPreparaien prdaRropartissefPbengt-bermaldshyderiAntlia¢ Redn (RFARIrr] After the
f or mal dehy d rr%astor li@h@EférWlﬂl@oWlSﬁMopQrPEﬂm@a GefphemH@n grainsdl e i s reduced to

zero psi gahg R N el ﬁdaié;fdg:ﬁ hat tenper at ur e
for 10ne hQkire, theltbadtbdicbereirelis FRin@irdl 8¢ 90F WAadenile hebndengat i on i's
renoved. El'deefermxmtouhereae;ott. ﬁerprﬂmrﬂtsaedmedi tatzel[oewg]dmat’n@l nﬂ.ﬁuwm Hg for 6 hours,

during whis dtt? t plempergfpre 01!5d;1rmgw and aniline is
renoved. N 2 f&ﬁtg&ﬂove&; é,"mt ﬁﬁ QE‘ tg 15 52 w % of

thetbniti alenmea@hmm 1memdeeTheT)y¢]¢ﬂ asreactyi 1smst ty ofs
3, 000- 13, mwwm nitigk gegctipn .equre a VI COSIt o 16-25 centistokes at [err]

2 el ¢ g g "%)mm%n%s &%t%%irh‘é’fﬁ,i?(’ o L50t0: i Fdertims / cubi ¢
centi nmet 6‘6f lal ubic centi eleﬁ~
20 P esent day performance CI’I ter| a for el ast oners as force reduci ng i npact

nEdlz are rstﬁp%sye\@t cti rTPor ance t.en for qéstomlilt?c (?rce r?(gl C1l set? up for the
expe“ n‘e%&lggﬁcgoﬁ@ﬁgthér ’t‘&U E‘pe l’ cti¥hal Ecﬁsl wert lset fo\PEf d pr oduce a
mat eri al ﬁi:ersﬂdntsifem"bwt;elqnawﬁﬂr ARRCRI. m’dﬂase;uairpeo@behematbeh ofv. 25

(a) ;J'he c@p%)awrv P?f} aws'ﬁllt yg%bdfb %ahe | eve ncoug# ered in |ow speed
(<18 WX@E@ i %‘Qﬁ?n égi? fﬂ"ﬁf TEHREr&lUre 1% a ni nimal
di stance Q:aﬁa%ﬂ bdue Ing ¢ ﬂicskgedaaﬁ.l vwapreoaaa,s@dom&sh avai | abl e

rel ativel 3quipmmtcost equi rrent Shel f stabl e chem cal  internediates

sui t,gbl e bc Sﬁlﬁglc l:g‘afl‘l‘le ?E"f a,tf‘}e ﬁ%‘:vazl:stf%&'éﬂFV‘ahGPﬁrft&Qi c, ayailable and
of relatiVe 'Mzei] JrSbats seem best answered by the use of an uretfhnd RRRGodRAUI T nts-seem
best ansmmdedmym hpatiafeddf Aarethineidamnahé gradoct @suldidpéromaheid- r educi ng i npact

medi a. A m@@mnstyfre%-mlq@fﬁﬁé ?rmeﬁlaqt@%ﬁ S% ifh riftllwa nhllg@nilm process
density. RN DAL AL SRR AL S Rt o e@,sm,%thane i nher ent | y

POSSESS MaKYyre iR, B TCARM m@gﬁﬁorﬁ\f&r a Ratety é}" reﬂ;@ 8tk

eti c Tubbers,

e.g., 35 among tk.mtm sn:gtthe wlnqnehe we«rma ofitickeexpenipd pratiunt gan ange, abrasion
and sol vefjgct e f°rm ﬁ“‘i’ﬂ’is (ﬁéﬁsllqwi'ca Brsofibanmi ng i s done

omer are a moI abx éhﬂ na p ssure cause out an wh h
for 49 varfi énémo S m(bﬁ s AT 2 DE N feO b aruict | Oy when the

properti egropdrtyt la&mp zutbh SHeTocElielhr astiabt insed pﬁxrforrrance
criteria. Dre)zeh%atreaimabﬂdalgésptb%Reﬂereqm d-cast solid elastoners are (a)
ol dabi I'i gy &%ﬁd”ﬁe‘g ifyf essure causes excellent nold fill-out and 40

sinplicity IRGAED epaﬁﬂ@ln &) urbthaR Sodi icRmpalnd BksAydicnereant |y flexible for
engi4beeri mgparmbn raﬁ Ht weathaaes oh thisrioveghor. oTreu[Rasin ofctividocr ocelsl ul ar.

ur et hane fRIPORGnA (Pigs PE" ¢ (?%E?’ff%%ﬁgcerﬁifb%“ M‘i‘“tpgsp FisPIfiREE erence 2.
Processi nggéaﬁ'@,t'?‘és%é ap’@gsh ﬁ@b NY préparation of' apur et’hane foam
Compound B. is typical of preparations of all the urethanes of
t hi ggi nvent | er/POTgl? Resi n AW’(SPV& or ACt'Vz%SACOHDO%W$tS(b| endg) were

f or mul atgﬁ ,cp;{,plcesm ng on g Martin Bloso-Ur et hane netering-m xture
machi ne (40-50 I b/m n max thr uput) Tiieortethaet S of | gt edi ents used are

shown bel W. parts Acti vat or W .
partss 50 %gt?%%ﬂr@ner/ Pol yol Jﬂ 80 | socyagate A
19.7 Aromatic Di o[ ' 10 Trichl oro-

The above wt parts of Resin matenals are combined in a 55 gallon drum. The
aromatic Diol I/PFAR curative is heated for 2 1/2—3 hours at 130°C in a § gal pail
with occasional hand-stirring. The PFAR solid melts in the mixture at 100—110°C.
The temperature of the melted mixture is dropped to 100°C, and the mixture is
60 then added to another 55 gallon drum and mixed under nitrogen for an hour with a 60



f | uor onet hane 6. 7 PFAR 10 DABCO 33LV
0.1 55 Sur f act ant | 1.0

(Haal

55 The ahove wt p,’-\rfc of Resin materials are combi-Rhedin—a-55 ga! l oen—dr
The aromatic Diol 1/PFAR curative is heated for 2 1/2-3 hours at 130C i
5 gal pail wth occasional hand-stirring. The PFAR solid nelts in the
m xture at 100-110C. The tenperature of the nelted m xture is dropped to - '
100C, and the mixture is 60 t hen added to anot-her 55 gallon drum and @
m xed under nitrogen for an hour with a 60

1, 559, 245 13 1,559.24f3 ppunted Lightning 13

(Regl st ered-Trade I\/mokx)ted\/lermrat(Rzﬁélered pTrmde Nlhagk) iMikdri aal23003 réihunretlctbf t he

Pol ymer Pol yol | vva;‘;e iy d i B CSJPFQ@PEH&” V\Sé’\rsé‘\zf lghded at
anbi ent terrperatureAC @,{‘j’r‘ :pl’lrh "gﬁ"ﬁ{é{jrﬁ - ”or@,Bémxm 221 SAchi vat or
were m xed separ atelteynﬂdﬁdﬁé (769 H)I THg @pinephafet K2 nmmétﬁstoa&nam‘ﬂemer charged
tenperature ([err]) lﬁﬁhéeg %ﬂ‘e@o @ity Martin Awectaaad oirculatadn

charged & {nio TR HRRER U S g R OSITE F1)B ar e
Sanpl es were taken thexital BRaly¥RCTR Retk g &ﬁﬁmoﬁaﬁem TnYSRSts e ius eams] OH
No.) to Be uséd@ for ddakrcuk dtsired rofo it tigapotwe g hmxmmwaﬂ Tﬁ'hmmpahems was

cal cul at ed upon recq.? t"°6 ‘f‘ﬁbel d 0°%)I24'}'i‘ }/ psgble yigel mpld faf netl
St ver ¢ DU e BB PR ﬁhrup
to the m'xing head. piys Edlaedﬁﬁﬁ)ﬂﬁﬁlh&thEAs?rM]erHie dstvétkelist 0 t he heated ([err]
24" x6"x5" cl odldbl e st eEhe th'datf?$ inveskigatefl arp@iv rntTal:{;érh g éféle\ms\tl?bl owedIS

for ambient cure befdHe lt;&erg)ﬁf %‘(’)ﬁe%"g%‘g Ep‘}:};@%ﬁr‘fr&ﬂdg g“g éarfpl es

were allowed to arrbmmmameamolcu & palindd AVG BiGR! ErBsldnBg by
standard ASTM r ubbeglytcés(commumd:s) PEBR as a sole uThmmf:mumuhawaomet examesdi gat ed

are given in TAbl esbycauss L EpsgtingTmesn isgosiy ¥8a0 highfop f° ,@% ging.
PFAR/ pr opyl ene gl ycgthncilgo b testsﬁ'ﬁz%@ué‘r&m al blez ﬁg“ﬁd‘gl‘hé and
F), Aromatic Di am nas1r n@anmwa ufafl fo aemareasareaeatnaragw I TBRtS seldw. 0l |

(Conpounds A dylym ey moveablp amldﬁelm:’ﬁ@mpweema |op @mp@dnPondd G

bR oS oo B 2 Eafa NG AmRe gss 1ERATLS qtﬁé?hourze RS TSR o) d5§

resul ting resin Vi SeQe mbintedor taOvehiciiat Aibiert tdnipsiadis 865 AHdYmRE £485 fhp?
Physi cal properties nmbr'@lenelaeiuwe-dht@ndm d@hmoﬁelgbo U ddbsAachn HorBesupd Ng

st andar d ASTM g ubbefchegianawera measuged cop YSasat ﬁaﬁéﬂrg efiegtifneots The 6

bel ow ' The ASTRI 1 os I Niet ales, Mk ellep, Meoeh A el °st:,7abl e
bel ow. Pendul um t o any/@ablceatééromie mdmmt d)tne:si‘csoawaémc taO'[lh

and 25 . B at thehwentie @F&ture - err and [err]. The test

sampies vere 55 g SSIMLATINN e gmé‘ffa B BRI AL LR vel o

hours prior to the ycam&mamtn ENP Uit € Amplict keip Fm the
t enperature and i mredhipddsah ad:ateﬁdmﬂxﬁa hnttél'dwraze‘hmmhe29€é|llgﬂm hemlddthe

pendU| um V\BI ght wer ge@?ky@Eac eeeltl]ga E)‘;'IE(FEI'?IWH ersw exp l‘gﬁ were pre
concurrently a reaghe Eﬁiﬁne@% dplafatfdh o[?ﬁ'&%v‘af%hs lln Bev (tla% rameters Eﬁ:@ﬁﬁet €r 3o
Max Force, Max Defledbwon St ored Absorbed Energy, Hysteresis

Energy, Vehicle Co d flvel etrternetwa 'ch;t qStsrl OmeweentSzﬂ n from
and/ or cal cul ated faé:P% ﬁ‘,’ﬁﬁfﬁmﬂ e@é@? a‘lb éﬁtﬁfmﬁ’& hese
data are showwsin T efic Eﬁeteah & B heth deﬂ térﬂfgy sdrb&l 6y N C 45
i mpact properties ofommcatiichiics tl&5ntegrated3rqagmdurth¢ loaésg pdrtiothef thefoeeet (Fon,
pendul umto rigid fVeedellscHpmet) ¢B&ts were made 35 on Conpounds C, D, E,
F and G Inpact test blocks of urethane werg,cut fromthe sanples and

i npacted at 5 nph at anbi ent terrperatur1eu g 4865 | b flat headed

pendul um The inpact data are shown in Tabl & 9 bel ow for the designated

o ovi ooaly 90 so e B SRR S uE AR SIS CoBRRLEH, WL Aper @

previously 40 sp it RMofel thad Gor\eddiveR UmoldildR@bsorbed 50
eval uati on par anet eresergppeablsct vaﬁbhbiebmmted thrqm a glidriedittinge prodbiespBEraater bunper

system design two ¢ ¥ohthgn %!‘r‘ét’l‘:&t G@égcf'ﬁago 1lsé‘t‘f’ﬂd%;|§g1?9§‘f‘t $ lopege fisianse.  hence
absorb energy. The Rl d&% nQi H ik uRder ClCunsokdi £ Bdrkion Bhtgeenergy
absor bi ng nmenbes, WGHEd Gers u@ﬂc For el caﬁetnenmarmsnmtseemaled efiergy is 55

n a

mechani cal devi ce. Fh@yselnsert th(b!morlbetﬂe ifference. i @gf ‘n@hlﬂysg S'Fs t he
integrated area undcﬂ‘”@hﬁ ‘Zg ?"lm@*‘wm '%fe Wébef’c?f’%’éy v ‘f‘°§’u‘7§e
deflection (X) curv me rails and support members of the vehicle chassis also provide

60 energy absorptlon during impact. If it is assumed that all of these many structural 60
deflections are linear with respect to force, then the chassis may be approximated



where [err] corresponds to the maxi num defl ecti on experienced by the energy

50 absorber. Fromthis relationship it is noted that for a gi ven anount
—of—absorbed—50—~energy—an—object—whi ch decel erates through a_-short

di stance produces a greater force | evel than an object which decel erates

| ess rapidly through a | onger distance. The energy returned by the _

f i onal conponent after it receives its maxi num defl ection corresponds
t e area under the unloading. portion of the 55 force versus

gction curve. For el astomneri terrals this returned energy is 55
al dr fference which id4terned

hyst er esia aeme’F@b! elgsieq spfring evith @g togeralh frcepamitaronK oThet ol edxsgyr bed energy whi ch
i s convertPPeePYiihe shiflefrugtyes Fitr eAYReSeREERies by His TRiQYERE al . The frane
rails and support nenbers aof, theg, vehicle chassis also provide 60 ener gy
absorption during inpacgse=ISGraid Iofx Sippduvpdet hat all of these many
structural 60 deflections?are |near wWizf h respect to force, then the

cha si s rmlyrebe e}gpr oxi mat ed '
§ C=1/2 K corresponds to a comphance factor for the structure. {3 lag seenper fe6tl y el astic

that t t t
sprl ng wi ?‘%{ t¢ By natuge off e Ybicla sy absor bed By the
vehi cl e s}tﬁgr%)ué?)ureg %ﬁ‘g 1;%1 ﬁ%mﬁlﬁ?é@%h%d by the followng: [err] where 5
C=1/2 K ddaxrBsmponds to a corrpllance factor for the structure. (3) It is
seen 5 thafeafihie'e‘t‘rxtféﬂm the clyppmic faspecdpflpgpion serve b8t i ¢ nature of the vehicle
st rigct Ur evdSpiicomr tional to the square of the maxi mum force, Eerr] Max
Force read edat@iedtly ffonDthe tdpganty Poacd deflbios @udelih@et)i on curve (1B8) 10
Max Defle(i)sorged E&e& directly fromthe dynam c force deflectl on culrve
(1 nches) $0O n t are "in cycle" on
dynam ¢ for(t:oealéleﬁ‘aluelgﬁrr %ﬁc@ﬁr vocr'-ﬂ1 %ﬁ%#ciﬁg{de t%t"ecrure"grfilfstU]Esﬂer gy 15
drfferendb'stbe‘smvéeﬂg)t otal area under "in cycle" and "out cycle" curve on
15 ’dsynam c F?é“d A\l t‘PBha %? (fn cB’CFbs*‘)“d “eytceysleEfcuiveioancy Ffacti on
cal cul at e&"afmr'%m RS ‘ﬁgtclﬂgﬁ i‘ﬂf wher e
20 [err] Cable éﬂﬁernb Ftabﬁﬁretr cal deflection (inches) X=actual measured
defl ection ¢4 eklromghe equation: = vel ocity of inpact (ft./sec.)
25 Wewei ght vehicle (1bs) Ef :frac*i on absorbed energy of total energy F=max
force (1bs) An ideal inpact meglid 'provi des m ni mum nmax defl ection at inpact

velocity 30 for a given force&X Thus, one can define efficiency for the
CyGlye acc?lrdr ng to the 30 deflection obt ained for a given for | evel . A
constant ‘force square wave deklwed ig8Rgwould in this case be classified as

100% ef fi ci ency. The totXl=—energy picture for the pendul um to noveabl e
vehi cl e nodel may be expressed ackording to the foll owi ng equation: 35

[err], [E'F“P er err err] (100% =(30% (30-35% (5-10% (309
wher e [err] #ﬁﬁmﬁ i )cth pendul um after an in-1line inpact
[ er?s :absorﬁe elea@rogympdat (f ne 40 [ err] =absor begl energy in
t he vehi cl eW&srs'am gnclet(lba)cts as sprr ng 40 [err] =energy | ost
to the vehi a‘t‘;@cg ?gmeﬂé“?f@(/%fn‘eﬁi enefgyi s i s assumed to be about a perfect
elastlc col ITSToR e urethane bunper and the vehicle itself my be

i dered Anidealrinpardinieia poovidespiarihium naR dEMRRNET AtikipRt Sdqtayti ve spring (the
hane ‘1€r31‘§9rf¢fe%T % leng candefineefficig®y for the eyeleraccadipgtather ) spring (the

vehi cl e) tr:ﬂggtm 35‘%& ﬁll)ggg 3 e;h_é?rﬁtilattforesfoaare wave ﬂecuon

The total energy picture for the pendulum to moveable vehicle model may be !
expressed according to the following equation:

35 E, E, + E, E, + E. 35

(100%,)=(30%) (30-—35%) (5—10%) (30%)

where
E =the remaining KE in the pendulum after an in-line impact
E =absorbed energy in the urethane
40 str—absorbed energy in the vehicle assuming it acts as a spring 40
E . =energy lost to the vehicle to provide movement; this is assumed to be about
a perfect elastic collision
The urethane bumper and the vehicle itself may be considered in combination
- onimpact as a temperature sensitive spring (the urethane) in series with a constant
45 (over temperature) spring (the vehicle). If the urethane becomes hard at cold 45
temperatures and does not deflect and absorbs much energy this energy is



t enperatures and does not deflect and absorbs nuch energy this energy is
15 1, 559, 245

15 transm | ' '
springs have a common force but different deflections dependi ng upon the
spring canstant of each. The vehicle can take so nuch energy w t hout

destructing. so it is inportant. to design relatively

tenperature-insensitive urethane conpounds for' autonotive 5 bunpers. @
S In Tables 1 and 2 fornulation, process conditions and reactivity are

given for Co LS

curatives empl oyed urmsrﬁmnquhsahnc@d wvhith A MeApmatabb Bytasrings have

1/ Aromatic Diol 1, W;?alsfo cgogbdlgﬁgr Eﬁtlpn ﬁ%«g S8 NEOB G EPIEnESERTAPh Mt | ¢
Diol 1. By 10 ci§pdiild WAL SRR Rt s

apparent that both bumped0 for mul atlons show suitable reactivity f 5
conpar abl e process cordiTablesmisand ddonmadatign, fpmcnﬂlcamdltmﬁsanwmw eslh@ felr eam

(e for Comound st Lt ML) TGRS Gl pd oo

versus 12 sec), ConpoitiattadtHoEO V¥ Bﬁdgﬁﬁaﬁr@buﬁdlsﬁvea@ ARMAcomAREDIol MEBy t han

t hose proVi dedo by ngs@mmﬁo otompodnd A Svith Coniploweivlert is tnpmhntfttbatmwﬁat | on$0
are considered to !9“?%? Gﬁ%B\eéearcé‘élHtfPf\ﬁ;’m b“’-P ‘035
conpari son of the L(ﬂ&c ﬁﬁﬁ&?g@tvg“m % the I

with a 50750 \/l\/% % i gs‘ewna f alt(ne’ x psr ey | tﬁﬁb@@;@‘ egm b;alg:ohemeﬁ EIIonptﬁG&dO
[err] and [err | t Hpwev, prmujatigns 'rancmp Frad it grov wp@sm ¢ ecaghfivitieso t 15
[err], PFAR/ propyl eg%gicgpg{gtg‘gnﬁ? 2%0 590{; fg@}gf;pgggég wtggggggo?gt
curative t han does nN@JtﬁM&pe Idgfé sure
respectively). 20 dfhaiaohtoworé,sPlFAR(/p&wisnet y@btpmvrded au:pngrabheless viscous

R e

ur et hane- net eri ng Mlbbirwgﬁi;] fdilhl;{g %lﬂlemoc fﬁg?on’p etﬁﬁﬁp&lﬁtﬁlggﬁlc ings. Conpari son
Compound A an ourfepréphyeigab progerties fonfeompg and Compayad B were

Forhated brdscel e @m‘mﬁ?ﬁmﬁ%ﬁ‘mﬁ TR o o,
The ASTM test netho B8heldW, €ach neasurement are s beI oW.

Val ues for the 25% Coriziues for obre M)ﬁdﬂbmemdl\ﬁd ] e:s!sCmiprmdemluIRaRamn are

gi ven in Tabl g 6 fo¥c @ dp 1 T ri oth
curati ves proé?de UErn'féw %’@V X Z%’ i %ﬁﬁ%ﬁﬁf '21‘35%8? 0
insensitivity as 3fie SB3gWToh vre mamﬁemtn@nwmdud dSmyARUrdESf. tempbratied , 1t
is noted that the vi mg Vltb'chetwe chB%HGMWGStsqma of b#iF urd REfF)ds thehsareh i s a

ft t F ot f
Teasure of temperal  di S %Lg “99 % L el ﬁé%‘i:?‘_‘?o"‘}ﬁ? o T°b| ¥
7 the results of thé’s reg duhqa orp: tlsoe\f-‘atnafam

despite
for Compounds A an ‘Eﬁ‘ﬁh %‘W% 3 bpebione OmSjg b$ EZ ft
1bs) exceeded ghhe % & e rat fif'co &ﬁfﬁﬁ.n&e g]lFZO S) 40
despite the | ow coreo nd AyprovidéSarighen Brl(e&knﬁ-gp@zﬂue\/tﬁirﬁdikﬁs t3mpoupa B
conpound A, see Tablt® &1‘35 V?H%%ff?‘bmlresyeﬁleﬁﬁnstr t he xcel I ent

ener gy- managi ng abi b k3 gl G fhe s @f@gf‘ggée%s ?erseeu m’ﬁ gr])
In contrast, as a tebnebRhéinpatiests@Fd drese bl@9ﬁbl"d§

Absor bed Energy v al Genpression eSO Dmadea 89@" tht cblbweasensmsiumsat faw 1bs,

respectively). Pend “E"G‘Sr"-ggﬁ“ifmsfs';g%t“ an | (Rf’%%‘t’agguﬁi-i’ﬁ mgswgam et hane
conpounds.C. D, E, Kod@ atim B S ke ol Saie B uehﬁﬁérmepﬁi ghes is

given in Tabl e08. ThEeM4SCM is a inesuiletos tlﬁfstrhxheate aﬁtltytoestteauahaepn&sambed [ n50

Table 9. Table 9 prf‘%é&ql\é/s ﬁmgnes ’%t"? Eanla dﬁ/g@mlns‘s%
reasure o the compiiSNER AN LA Chlatt AR Usi ng
an Instron (Regi steerxeﬁlplIr pdla (E&ﬁilﬁhg nam;m Gefmmsmm

Modul us (DCM ,55a rrea§M/$!JM\’ratior¢é3 ﬂesl‘ﬂ bnthamdut orpagson wrmmttdsof)clum@ 55

endulumto the fi xEQUPROUAD Edf ‘?‘ﬁ"/ﬁﬁ =Jridh he ﬂ?é“’ ?" °mp°““ SCM
p )is greater t comparison.form exce (l,' oun (11

i's a neasure of thejpstadtives b @uﬁ/@rﬂﬂ;%kdﬂd S et e ablies 50
for DCM SCM rati 0 sssittyity @sing the paidutu tos:’r‘ghd/vhxttme nmparpoasuads cont ai ning the

curatives of the invention (Conpounds C and F) to have excel |l ent
strain-rate sensitivity relative to the conpari son conpounds (Conpounds D,
E and G . For exanple, Conpound F (containing PFAR/ Aromatic Diol 1
curative) has a 55 DCM SCM ratio of 3.25 which is higher than all
conpari son conpounds, including 55 Conpound E (DCM SCM=3.13). Also the
DCM SCM Rati o of Conmpound C



(2.86) is greater than all conparison formulations except Conpound E
(3.13). Thus, the curatives of the invention provide urethanes which show

ex - ity using t
i npact tests. 16 1, 559, 245
16 TABLE | Forrmul ation, Process Conditions and Reactivity for Conpound A
ocel lular Urethane Fornmulation 5 pph Resi n
Acti vat or .5 80 Pol yner Polyol 1
| socyanate A 10 Aromatic Diol 1 5.5
{ dBl orof | uoro- nethane 10 1.559.2% ommti ¢ Di anine | 16 %
FNCO=36.9 in 10 TABLE | ~
act i vat or Formulation, ProcegsQCaqndulions and ReactJARE® @Bipgurd A Microcellular Syrfactant | OH
No. =118 % H20=0. 05 15 . Uretlha."e Process conditions
15 Resin Tenperature, [eprl ormulation . loﬁ Act i vat or
n h Activat : .
Tenper at ur efng&)er r] Polymet:' Polyol | %)9 Isoc%ﬁ:lg%r eam i ght Rati o,
R A 10 Aromatic Diol I 3.9 | socyriRbefLérdex
105 20 Mol d Tenqaer_at ure, [err] o, ethane
40 Fhruput, '8/ min RAEPRYSPEDS eam Ti me, sec’s F§§8;1§'9 n 10 ’
12 Rise Tinme,g#€ec. DABCO 33LV 58 25
Tack-Free Tine) sec. Surfactantl ' 77
25 TABLE ,.fﬁ{,ﬂwgati on Process Conditions and Reactivity for Conpound B
M crocel | yIgloddigst hane Fornul ation 30 pph Resin
pphis Acti vat or Process condi#éhs80 Pol ymer Pol yisl |
27.6 RedSREWRARLE o 10 Aromatic Di ofo4l 9.3
Tri chl or of | UQ¢tRatoMEEhEYrRurt0°F PFAR 35 60 0.1
DABCO 33LV  Stream Weight Ratio, R/A % FNCO=37. 3 in g(z)g 35 activator
S — —
1.0, M‘Sj%i‘%’t:réame’lwm No. =123 % err]=0.04 4 . 20
Process Condrﬁhm,slb/min 40 Resin tenperature,
[err] ReactivitlZS Activator Tenperature, [err]
60 Stream Wehght R k. R A y 1 3.81 Isocyanate
| ndex Rise Time, sec. 105 45 58 Mol d
Tenper at ur e, TagleFree Time, sec. 77 120 25 45
Thruput, Ib/mn _ TABLE 2 - 40 Reactivity Cream
TI M8, SeCFormulation Process Conditions and Reactivity for Compound B QibfoS&uilt M8, Sec.
90 50 Tack- Free Tinme, ©fthane : 100
50 17 Formulation 1, 559, 245 '
17 30 pph Resin pph Activator 30
80 Polymer Polyol I 27.6 Isocyanate A
10 Aromatic Diol I 93 Trichlorofluoro-
methane
10 PFAR
35 0.1 DABCO 33LV % FNCO=373in 35
activator
1.0 Surfactant I
OH No.=123
% H,0=0.04
40 Process Conditions 40
" Resin temperature, °F 125
Activator Temperature, °F 60
Stream Weight Ratio, R/A 3.81
Isocyanate Index 105
45 Mold Temperature, °F 120 45
Thruput, ib/min 40
Reactivity
Cream Time, sec. 10

Rise Time, sec. 90
50 Tack-Free Time, sec. 100 50



TABLE 3 Viscosity vs. Tenperature for Curatives A and B Viscosity (cstks.)

PFAR/ PFAR/ 5 Tenper at ure, Aromatic
Propyl ene 5 lerr] [err] [err] 100
130,000 570 130 8 000 150 210
100 17 10 1 50/50 vt % PFAR/ Aromatic Diol |1
10 2 50/50°w % PFAR/ Propyl ene gl ycol TABLE 4 Core Physical Properties of
M crocel | ul ar Uret hane Conpounds. Conpound . DY
A Iq, 15 Core Density, pcf '
12. 6 { 15 SA-at -[err] 17
44 ~ 49 [err] o TABLE 3 _ 30
31 [err] Viscosity vs. Temperature fo\;.Curz.B\-/(es /: a;nd B 32 20
100% Modul us, psi Iscosity (cstxs. -
20 Tensile Strength, psi Temperature, Alzgrﬁ;{t/ic i;ll:ée. 152 5 -
Utimte Elongation, % °F DiolI' 87 glycol? 67 C Tear
pli 100 440,000 570 20 B Conpression
Set, % 130 37 8,000 77 230 50%
Conpr essi on NModul us, psi 210 ¥ 17 52
25 Bashore Resid i encsws&/waf,tfn PHARAdomatic Diol 1 10
21 21 [ érsp/po wt % PFAR/Propylene glycol . 34
33 [err] ° L 38 30 TABLE
S Core Physical Properties of Mlcroceﬁﬁarﬁjméﬁrh&atorﬂ-&'%ds%t hods Property
ASTM Met hod _ mp i men Size* Density B
D1564 15 I"ereD siy, ptfhi ck Har dness 12.6 1.6 D224}
| "xI"x1/2" thick 35 HardnessT8ipsé Aet Strength D412
1/8"-1/4" thick 1248 Tear 44 DA24C
1/8"-1/4" thick Conpregsjepn Set D395B :% hr at g;
1"x1 " x1/ 2" thi2k [erlr)Q/ Madalonpgr essed Conpressi on Md 20
D575 silg § %gtht pii ¢ k 40 Bashor e Re‘&@ﬁl | ence 152
D2632 ate% g“‘“f’?rr tk 40 *" dendfes inch YABLE 6
Ef fect of Tenperat urBC@ﬁbrE’sﬁ% s@,pr essi on nodul us of m3¢rocel | ul ur et hane
el ast omer s 25%5conpr5§°éﬁomnremwmlusml 45
Tenperature [err]  Bashg dig?s: A2t Conpound B 45 - [err]
71 81 - [enk 64 % 74 - Bkrr]
58 55 72F 125°F 31 43 37 50 33
[err] ¢ 30 27 50 [err]
26 30 25% Conpr essi on Mgl ugABkgtﬁ 0 - [err] 2.9
2 7 18 ysical Test rileﬁg @ 245
18 TABLE 7 Pendul umﬂegsn(é’@ﬁr%l e i npact evzﬁﬂ%%ﬁﬁ%f m cr&@ﬁlﬂlgﬁﬁf ur et hanes

Hardness D2240 1”x1"x 172" thick

35 Tensile Strength D412 1/8"—1/4" thick 35
Tear D624C 1/8"—1/4" thick
Compression Set D395B 22 hr at 1”x1”x1/2” thick
158°F 50%, compressed
Compression Modulus D575 1”x1"x1/2" thick
40 Bashore Resilience D2632 1”x1"x 1/2” thick 40

*¥ denotes inch

TABLE 6
Effect of Temperature on 25% compression modulus of microcellular urethane
elastomers 25%, compression modulus, psi

. 45 Temperature °F Compound A CompoundB = 45
—4Q°F 71 81
-20°F 64 74
~0°F 58 55
72°F 31 37
50 100°F 27 36 50
125°F 26 30

25%, Compression
Modulus, Ratio
—40/125°F 2.7 2.7



Conmpound A B Max Force,

| bs at 5 - 20F 13, 700

14_800 5 _75F . - 14,100 — 13,300

[err] 13, 500 15, 800 Max Defl ecti on,

i nches at -20F : 0.78- 1.04 10

75F 2.08 . 2.10 16" 120F
27 2.38 Absorbed Energy, ft lbs at - [err]

755 75F . ' 1045 1010
18 ferr] 1,559,245 899 18
15 Absorbed Enexgiyg 7% of | nput Energy at - [err] =
14 Pendulum to veidle Tibpact evaluation of microcellular urethanes 30 29
20 c [err] N " 25
23 ompd st eresi s Energy, ft fbs at - [erf]
438 Max Force, Tos 622 75F 13700 o660 s 630
[err] 75°F 591 14,100 lﬂ Hyst eresi s
Ener gy, % of 120°F 13,500 15,800 25
| nput  En [ 12 " 18
75E ﬁgbeﬁgctloiz(icheJat 19 078 1§ 120F
1710 175°80 Cycle Efficikeacy, % 2.10 10
30 - [err] 120°F 287 2.38 59 75F '
43 Absorbed Ener%§ f{ lgga{t 35 25
TABLE 8 35 Fopovel ation for conpoundssC, D, E, Fsand G nicrocellul ar
ur?ghanes 75°F 35 Conpound 1045 1010 C D
E F 120°E pol yner/ Pol yol |, pif 185 I3 43
43 Abotbed Energy, /L@f 43 Pol yrer/ Pol yol 40 [, pph
43 InpiBEnergy at 43 43 40 PFAR, pph
7 —%(S’ZE 7 Aromatic Dftamine |, pp%9
14 59 7 120°F 7 Aromati gsDiol 45 53 1, pphy
7 45 Propyl ene gl ycol, pph
7 Hysteresis Energy,oft Ibs at 7 H20, pph :
1.5 1.5 —?,gg 5 1.5 §§5 Dabco 3% . pph"
0.5 0 5 120°9. 5 0.5 15 50 415 12, pph
0.0 0 02 0.02 0.02 50 Surfactant 11, pph
1.85 E?%‘?“SEnggﬁ 1.0 1.0 Isocyanate B, pph 25
69. 2 PyvERsTEY 20°g7 2 51. 8 66. 0 L2 1% :
1, 559, 245 " 15°F 19 19 TABLB 9 Pendulum to rigid
fixture i npact datig°For conpouunds C, D & F and G M crocellul ar urethanes
CO@BOU”d Cycle Efficiency, °/,, C D B F 30 Cr
—-20° 57 59
5°F 43 43
120°F 35 25
TABLE 8
35 Formulation for compounds C, D, E, F and G microcellular urethanes 35
Compound C D E F G
Polymer/Polyol
1, pph 43 43 43 43 43
Polymer/Polyol
40 If, pph 43 43 43 43 43 40
PFAR, pph 7 7
Aromatic Diamine . v
I, pph 14 7 7
Aromatic Diol
45 I, pph _ 7 7 45
Propylene glycol,
pph 7 7
H,0, pph 1.5 1.5 1.5 1.5 1.5
Dabco 33LV, pph 0.5 0.5 0.5 0.5 0.5
50 T-12, pph 0.02 0.02 0.02 0.02 0.02 50
Surfactant II, .
pph 1.0 1.0 1.0 1.0 1.0

Isocyanate B,
pph 69.2 47.0 472 51.8 66.0



G e

;/C,urative 11/ /2] /3l /4]
f 5 Hardness Shore A - [err] 46 41
42 48 [err] | 28 28 23 22
) r] 30 28 21 - 22 31 10
0% Modul us, psi 113 121 99 91 125
10 Tensile Strength, psi 125 126 128 .2/)/
113 51 U timate Elonga- tion | ss9245 122 1079
143 r 128 130—15- fear—ThGiEe . 24 238
25 21 Penduldh to rigid fixturd Impac ks fcﬁ?e&nllﬂo@m ¢, beE JF and G
19 22 18microcellular biEkthanes 22 [err] 21 23
19 19 19 [err] 28 2 23
ma0 somfEE S e Coaof B L e E s
95 20 Aafdn&sshdreACom pression Modul us (SCM, psi
22 22 1520°F 16 46 24 4Core Déhsity,4pcf 48 7.6
7.3 - 7.4 7.4 7.3 288 Z%Dyndfic Co 30
25 pressi ot Modudoersmb psi PSi 13 (21 6399 96 125 47 10
52 64 DCIESEBAStRaptho 2. 86 2.54 3.13 3.25
2. 67 «* Conpar i sopPMonpaunds 30 125 1 1)26prAR/IBS opy| R gl yEYI
30 /2/ Aromatic ﬂ]’o{:}m neq / 3/ Aromggs ¢ Di gl ne lyaf\r omatyc Di 039l / 4/
PFAR/ Arombi i ¢ Drredr,dli / 5/ Aronmatic [4am ne 28/ Propgb ene giiycol 3H 15

VWHAT WE CLAI M | Bashore Resilience

35:1. A process for p?ﬁﬁgci ng a celgul ar @él yuret{&ane e}gastorrﬁ whi ch
conprises preparing amgheguri ng a re@cti on 28i xt ur @ cont axni ng: Ba) a pol yol
(b) as a f¥rst EomprepsionSetle react i®n proddct of 8840 - 93 %1) a phzmol
whi ch has at | ed¥ SSE ECRllsubstituted reactive position on the 40 aromatic
nucl eus thereof, ?2& , p@ihn ailldehyde, gnd (I1h) an qsonati g am ney (c) as a
second cur ati veComDensiyapufc di ol , 4% 73 (d)4 an orngani ¢ pel yi socyanate
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hydr oxyl - isocyanato groups per active-hydrogen group in the reaction mixture,
(e) a catalytic amount of catalyst, for the curing of the reaction mixture to
produce the elastomer, and
(f) a blowing agent in an amount sufficient to produce a cellular structure in
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wherein the reaction mixture contains from 99 to 30 parts by weight of (a) and from
1 to 70 parts by weight of (b) per 100 parts by weight of (a) and (b) and wherein the
reaction mixture contains from | to 35 parts by weight of (c) per 100 parts by weight
of (a) and (c¢), with the proviso that the reaction mixture contains no more than 35
55 parts by weight of (b) and (c) per 100 parts by weight of (a), (b) and (c). 55
2. A process as claimed in Claim 1 wherein the reaction mixture contains from
99 to 70 parts by weight of (a) and from | to 30 parts by weight of (b) per 100 parts by
weight of (a) and (b), and wherein the reaction mixture contains from 1 to 30 parts
by weight of (c) per 100 parts by weight of (a) and (c); with the proviso that the
60 reaction mixture contains no more than 30 parts by weight of (b) and (c) per 100 60
parts by weight of (a), (b) and (c).
3. A process as claimed in Claim | or Claim 2 wherein the polyol is hydroxyl-
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(e) a catalytnc amount of catalyst for the curing of the reaction mixture to
produce the elastomer, and
(f) a blowing agent in an amount sufficient to produce a cellular structure in
50 the elastomer, 50
wherein the reaction mixture contains from 99 to 30 parts by weight of (a) and from
1 to 70 parts by weight of (b) per 100 parts by weight of (a) and (b) and wherein the
reaction mixture contains from 1 to 35 parts by weight of (¢) per 100 parts by weight
of (a) and (¢), with the proviso that the reaction mixture contains no more than 35
55 parts by weight of (b) and (c) per 100 parts by weight of (a), (b) and (c). 55
2. A process as claimed in Claim 1 wherein the reaction mixture contains from
99 to 70 parts by weight of (a) and from 1 to 30 parts by weight of (b) per 100 parts by
weight of (a) and (b), and wherein the reaction mixture contains from 1 to 30 parts
by weight of (¢c) per 100 parts by weight of (a) and (c); with the proviso that the
60 reaction mixture contains no more than 30 parts by weight of (b) and (c) per 100 60
parts by weight of (a), (b) and (¢).
3. A process as claimed in Claim 1 or Claim 2 wherein the polyol is hydroxyl-



parts by weight of (a), (b) and (c). 3. A process as claimed in Claim1l or
Claim2 wherein the polyol is hydroxyl - 20
-—4.559_245 . o 20 _term nated polyester, a

pol yhydr oxyal kane, a pol yphenol, or a polyoxyalkylene pol yol. 4. A process

as claimed in aiml or Oaim2 wherein the pol yol is a polyner polyol
ing a liquid polyol content which haﬂn'ﬂ“ﬂ”’ﬂ?mﬁ ht of at | east
05 and a hydroxyl nunber of fro ,Eavi ng a pol yner
onent whi ch 5 has a rml ecul ar wei g t ‘of tat "l emstr 5000, wherein the

pol yer caonpound i s dissol ved 324 spersed in the polvol. 5. A%process as

cl ai med mmﬁ‘ilaad ol esndre a @blphyidieygkdny,ne polprkyad] orcopdlgixpgkylenem 85 t 0-.60 parts

(o}
by wei gh? '@5‘? gém d ;}cg{é &'S?\biéf 40 %erem%p\/\{eolqsapo?ymepol ynmer, per 10
C

100 part%leMh cular weight of at least 1500
10 6. A pidCBESoxFSHuG baﬂ dT&x@mi 20 t&129) eﬁﬂd‘ﬂia\ﬁnﬁg WfoRéd Which he pos yol

corrponenﬁd@fmqlmlapwtlghmfatm1it9@ﬂ0 wherein tlhymlmsrlcommund ndtS@divepol yester, a

pol yhydr 8X§tgahe, -8 7 Mg;‘xm%? it el tﬂib &%@L%Qm?n f}g&e{ 7. A process

as cl ai mgglol60 phesHyWelhtdt@6961And H6m PO pol yrer
pol Mol i SO(BwaralbkweehEofakc deyradOh»b'bl of poI yhy roxya
Pledf n the pol ymer

8. A proces$ Aa%m‘é‘l t °'%’ c?mﬂfg‘e

corrponen 019Ehemfé ‘,’SFE&%EH %ﬁ Inate e‘F X‘i%&' Frpé’H‘u Xep “tFile, either alone
or m xed W ?.hA $rycecns’.cl np:claﬁess/hasmahalpa@d doﬂlpaxﬂ:)it oh@eof the preteding
cl aiSms  whelymé Oﬁmempnelﬁfalem‘ze’ﬂde addpqt Oflaspotyhm@qyalk enol I5a neta or
para am rgé%%ﬁf“"ﬁf m%?jr§%f£ msa4 ggn reeﬂ; ?%' as clainmed in
any one @ixe hRbye&R 5 g cC erein th eh de i s formal dehyde
or formalin9. Alﬁ:oceés rctaomlsnawooé efthemteqedmanlymtsmer@h thdtélemlecedl ng clains
whetlei n {hisp refa o aﬁ@";&’ﬁ’i’ “°°h'°'°Phe“°t‘112 A2®rocess as
cl ai ned Ldﬂeéaygy([%ﬁé?ffgﬁ;lﬁ 351%@%?&:&69% H’ﬁ%“%%‘: RS st 25 curative

i s the reactl. W ppeasds tlafed phanpbne Bmaaslrdem@laamdvhamd fhee, wherein the

kane.

m)l%ar ratam@ab%: g(feegg)! 'T,ﬁurjé!"&y%e‘f;‘} ﬂfmrp%m 3: 113tlo 1'?3 .and wherei Esthe mol ar
rat¥o of BJQ h éﬁ&&gc ]t :éh o 1.451. 13. A
process &ﬁlaﬁkaﬂiotrm @hénidl @rhmmraa%f E @:Qiaﬁhef‘@x ; rterei n the 30
second cuh@pl Mes arglingrio &rja lldehyée ymo#l to 1.4:1.

o%) Ja °ﬁ§sé ?i? ﬁ"’(:P%ﬁ ph ths rigcedieg plaimsavhgrekythene glycol is

$ co ive lene glycol. X
ylené roceis Q.Fg fith BShEleR tH‘é‘Qk&(}EheagiWolQJkﬁomeng aim®1 to 12

V\/nerel n 'gllglaﬂsecond curatlve 'S an aromatic 16. A process

as cl ai med 13 Acbrafass aSelsimed @i anytdne ofChwrest | to tﬁ\merqnstftersecqnéact ion 35

pr aguct pﬁp:;?ﬁ af lf‘;é:ﬂ'(é‘a, igxn 808 138heRin oMy WA 8SH ARG 2l Togs1n any one
poI ymet hyl efie Appioy(splaemyineuen amcymenalt Gh): pr¢b¢d¢ng claiiirys [weha lrnm*e hyI ene

di i socyaS@E Ck}?g’l)i%ﬂw ae cfopy ygﬁslawvd'w a4y|

di lﬁocya ynateghytm lg@r{ so an ﬁl@&t Sulﬁ nrg e, fi de

di i socyapigh lsulfoﬁige il aﬁi‘ Ji @a’&a eyl pr opane

dii socyaxbattne dumcyaattcobry &meueowrodqct dreesofli | socyanat e or a residue product

t her eof . 1 eassclzimed limanyeehei of th rce«rdengocﬂalmh@h ieagbkeli ng cl ai s

whegei n % %?ﬁg“ﬁa? [9ibaty g difryrate. BﬂPi}Ft?ql?aléing‘Fan tipsoctoate,

COba| t OC Olé R, probes?B claimed fid eiyndtleestand bRBedME: claims wherein the

45 19. Ablp\mnmegst asavandr,aa wiorocanboany chlflgiocaiben, pir ecldiongbanl ai s wherein the

bl owi ng eg%gn C‘a@egal*n Ye;&&r?fdhe pecqunsoq*em where@dhbon, or a

nycigocar oy 20 3o %ﬂ&gﬂtﬁqndan A WerHRrd {jdésnﬁ,emecedwg cl ai ms

wher ei n thezzr,eaedcesals mlmwrne:mmq suskemtiglly aemlsm ¢séiffed i 21. A

process W Pafgz fwdixamnk& substantlall as herei nbefore described. 50
i

22. A prlgc 19mfs wh %@H@P%ﬁﬁt‘ﬁyawr‘veeés HRmed nbef ore descri bed

in gny one ARPHRDr pa2Ragird nkAL Frbth 3F caRRViYike €t hare el ast oner
when produdletir bylynaeqbar@MB:msamlamaedm Claira?8y one of the preced| ng cl ai ns.

ti T he rga d f:
55 S érr?olaﬁgréhwg)spgt ealgtHl g;l'@é Snsubss'tl(;(gtp grtgc 1ved)p(9s[tlo %% I%ﬁegl ng made from or
conpri si ¥ma rﬁ;cleus thereof,
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(I1I) an aromatic amine; and (ii) an organic diol.
26. A pre-mix as claimed in Claim 25 containing from 20 to 80 parts by weight
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65 ajkylphenol, a meta or para aminophenol, or a monochlorophenol. 65
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