
~ "'" 
lWiiuJ'31.fJU .... 

(POLYURETHANE) 

'i"" - " .,~"~ 'II'l!I1"'I. • • 

- • 1 - '1 oJ .. III. .. '"' .. ..... 1...... , ... 
'm"llt'1f1n~1tl WlltlllVl uU~"UUUn1t'lJ~"J'U.1~fl"UtJl.J 'mUH.!l Jn11.J1I11J • • 

... • ..... '1\ ' .. 1 v .. III.. - . ....; .... 
un::1J Dll lJl mJ1tJ \1nlV'!fUfl u YllJ'i::U 11 UJ n ")u u 11 , , \J \ ."11 wrnnfln flU,Ufl M"'"" Y1 'Vi J . '. " "1"1' l' " 1· ,w.." . (1 • L1lJll 11 \.rn:Vl11-lt'tJfl111J nnfl'lJYI:lflJ w6UJfl1u:JlItH'llin11 ,"ulYUrelhaoe 'Wilt 

li;~1iU) L~U condensation pol)·me. -ntlnfl"UWUlfU.lUltJ OttO Bayer (fln,.,lfl L1J~ 
• • 
uurf) '!IfJJtJ1'H"'11 Farbeofabriken Bayer ha[)fl1;..j'u 1f1tJl';-tJ~n;:EJ1'l::'\IIi l .J poly· 

( ... ..:.. , .. , ') 
functional alcohol nnnrl!1VaflllUDUfU"U1J1l1nn11tUlJUDUfl lLR~ isocyanate 

(fi''i,.,,) nn:~fl~,II'1;'~fl1',\ifi~rinn~ofi;Il",lllnn),j OI:~' ihu "is'' ~ flliu 11l 
• • • 

tUUWDJJ1~DU" ~lVl'iv"; 'L~D';UL '61 n1Cln~;mitlm.J11ufl"m:fm::~~UUL'J1rm;Jnl; • 
,tilL'l1l11lfi1,"iOIl ,;;~ .,~iUflL~1.L \\1flnn \1",",1;,,;" 1" lm,.n,~I11" 'iifl1V 

• 
"Il~1 woo;, ~Ilnmj, '111 ;jj~'n~'v 

• • 
m:U1um1~;fl1yj;tJ;~1lU 

• - - ~ n .. ::'U-;)un ..... l:J illlllWillJ .. LIJU 
~ 

'i 
q ~ 

1 . l""tJlLUU (tbermosetling polyurelbane) 

" 
T - " • 1 -~wr;[J1HIULUU w:.-

• 
H 0 

'~fl;~lh:nflU;Il~'fi;Vmvl,"o{~,till -l-l-o- ~ "iifi;" 'illfiVtJiin;vlfi"'~fl • 
hJ~ ~'''''O.]~ diisocyanate nu diol (glyo l) 

• OCNRCNO + x HOR'OH--+-(OCONHRNHCOOR')- + m,~i@ ....... (,) 
• 

fl"'1,()U1']L~U fill, butane diol n"'u l-uiuene diisocyanate ;1,::,.,. 
CB3 CH3 

HO (CH,),O H+ 0 --+ O-(CH,), OCONH 0 NHCOO(CH,)p- .... ( ,) 
CON NCO -

butane dial toluene polyurethHne 

diisocy::anate 

I 
I 

I 



1y;ii~"~';~tii, .. u" 1 W;~"V;M 1 ~~;~ 1 ".~"n1iLUU~u" 1m, 
t: kJt ' ... 

'YIJU'!l\UWnU1'U 1U • , 
f U DC tion al i ty ( ;'" 1\.L 1Jm~flnl~-rW ,fJlJfltl) ";~(J ~lIfl",i',)~lt1~n;[n , 1y;;~"~{ 

1f"fl~Lij"l.\1'lD;llJ~t'i':l~n (~~lC11~nU ;,,) 11ftwI'iinim t1,,, (b tlstle) U~"~~lJ 

"'II ... <OIl " ... 
2. Lliao'uou aa1d'\~Ulill (po lyurethan f> elastomer) lwatl1LfiU , . 

~~a'm;nm ",JJfl\\U1' iin1'"1;;1"m,"iim::;jj~a1U;"M" nn11iiv 1" ,\.ol"n"v,jj 
t'tl,.~;mnl-l (basic intermediate) riD\.\, ~']L UU 1 Yi;UJD.;~~Jl""\.L"n hnt'lnt'lflDU , 
'i,~, (1000-2000) iL.:jjua1u;;~tl"n1\'1tnfl1Vn;. (-OH) (>I;V po!)ol) ;;~ , 
LUU lw;~mufln-i~tfi'ln lfJ~nU intt 1m. Llt't::n1flLflfiiJfl (adipic aeid) \l;fllVi~D 
Lfin1 ~lvty;aLVO~flV1"."n·ujy'.lflt~jj (m,:1;;;'II'II"n';0I11 B) 0"1 ~,: 
flOti 1 Lu";,uDn1Ulnu L" in l"i1L~[J1L U'\'l (diisoCY8I1ate) mjl']L~u 4,4-diisocyanato. , 
diphenyimethane, 4.4-benzidenp diisocyao8te. '.5-napbtbaiene diisocyanale 

... . , .. ~ .. 
LLn:: 2.4-toluene diisocyanate f11tJEI'J~1iU nwn lOU 2.4-toiueoe dHsocyanate 
• ....... .. • ~"'Lolil _III 

nltlnn"UJlnU basic intermdiate L1,n,:: LflflJU prepoiymer f\JU 

H,CiNHCOOBOCONHOCH, dNCO 

NCO tHCOOBOCONH CH, ....... (3) 

• 
>I'V 

amino alcohols 

3. ·hi~O;1frui,J:1I (polyu rethane (oam) R,,,,,·lulwftu1ui\.n11uuhhJ , , 
U'" nuj 1,tfi t~ t"1lU1~ ""';ltJBn1U1nutn~ lfi"~,j"~flu1n'" v.lm~fi';,n1~t" hhm. 
l un~~mILiiu 'lJ\" lfo1Al1JtJ;,::';,t1Bn;mn .. 'Uti"Vl111 carboxylic acid L \-~(I~11;;~f11; • 
uv" tnovn ''il~~iifi;'' ';1~iu~ till>; ~iifi 1~" 1u ~ll\:~~ nm in"",,,,,. t"; t y;;. 
11,J01Lnf\;U ...,lflfl11 lim'lf~~'f1"'~Dl.H \-Hn,l, nVl.:H'UU freOD (~;~;'DU) 'tiLU 1 , 
LL nun \.fi' 0111,J1it "0l1f.1;fln~~ftl!1<IB~mnU ~l.U~tl1 n"u t U0l1 ~~f1 nrnt11m1,Jfl1 
n~11tiD lu'!lecuflu L 'n'::~ basic intel mediate ~~J1V1un I1JU'lOC't1.h::~J1D1. 1000 ~J 
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• T'" ,. • ( ) •• 
~U\H"fjAlH'fi"H1n'Yl1lnn poly 1.4-butylene glycol. sor bite) polyethers rtlflDJ 

0111 WlJUfl~~U( vll)J~l) t"'~Jmnl~nrlflJ~tJfJl-\.~~~D tfi:lllJUD\.Ltl (bifunctional) 
• 

....... T " ) · ·1 .... "" .. • <I' ,.11 ~lft:rnf1nJnTH vbm~J (rigid foam nflfJJ .".nl,.n.JnA1J'nllUDUflflfJlJlnn11~U.J'IlU 

hI (polyfunctionat ) 
• ~ .. 111", • 'III • ...... .... 

f1 n"n\.!, UrlnnJnrn,n.m,::tl nu 1 ~tI rmJ.!1 n1[nOU aromaticd i isoc:yaua te • 
( " ')'..i ...... '" .01 ~ .. 
lJ1Jl1JU~U l"Jl'\UfUl "6,JnllJ1i'l'lllmUn1n'::l1J\.L toluene dilsDcyanate lYW,:: ~fl 

prepolymer ;U)Jlflft1£J., nun-u"[]JlwfltJ;~fi" ;~lftlf1,lJfJ'i n1'lfi)Jnl'Hl1Y11;n~ 
• 

.. "" .. .. ... ....'" <I • \"'1 ... .11. '" 
mu'U. tartiaTY amine ''''HlLmUl''fl.JflUm'll111.ln~::Yl1 \1 Lfl VilJLnfl'llUD[J1Jl1fH11 

• 
.. • ,., ... .11 , ... .., .. ( )" 

nl 'H'Hn.J1: .... nlJ L'i1,:anfl'tUf1'lJlnUmUU~L"£J RNH2 f1J\.L 

RNCQ + 8 20 --+ RNH2 + CO2 . 
R NCO + RNBz - RN8CONHR 

... .... , , , . 
........ (4) 

.. ..... (5) 

m1LfllJ'!I1lJ'tlJL VlRll12,J'If, Vlt'I[)1.j L VlCnmmn.JL 'U'"tnn1l'VlO £1 uoroch loro , 
-carbon (U1Jm~JL1Un freon mJ1JVtfU W1tl~1l,",-11 CCIJF ~~f1Lfltlf)~ 24° "i1) 'tl 
LDUl'111Uj, (blowing agent) ,::ri, 1':;flnU'2,JUfl"tl,lnl1L~ml.UIUflI1~1"tlW!lflJ lWlJ 

• 
-» ... ~ 1 '1 1·"·' • . '1 .• 1 \\UJ."!IU 1'.JLlJUth:: U'!I\.I. unl1 '!InUfHtlU U~::LfUJ'!fflJI1J U.Jlunfl~11,] . ltfl11 • 
~""hl~L~Il~ .11~'n.1''';nlw;1". (polyo l) 

. ., 
-.:2Jrn111RAf1UR!: surfactant 

(.1'~1"'"Uft1Uft~~1l1"L~ • • 
~~lJnV ti,U \f1 'fl l"i1\"jnJ1LU" Ut'H::~1!!~flU n'::Clm;;U'~~lJ,."nm;1.Jn::{i~LnU L~fl • • 
"flJn11~Afll WlJ nl"~t'l1i"~t'I111~ii,::nnt'lUlJ1~Vl1~fl ~,nilV1""1~r.lt't1Jfl1t1 • • 
flfl11~'U~\flri lV1Ufl H LLn::tJtitltlt)f]n1J'fl1lJ;1U1U~fitlJfl11 LL~' t 'W2Jn-.:anf);U 

"""1n;:"mJ';nV"nn~"1n"·1Ufl (m1~"111"" IlLiL;V,n, ll'i~"Lu;VU LU" 1~ 
m1~"·U;:~fl.' \UL~n 1l'i"~v1vn1 fl1~fin~fl1"""1,:~ri1 \fi,:', .. ,; 20-'0 nn/ ~3) 

.. ~,.;"" .. ""... "1· .... 1'" \flil U1Ufl')1111flU'Yl"111n LlIm "£lUnU\lUI,"fltll1..1L 'If," tlun') ~tCHm Vinn ~fl1" 

- ... .-. ,.p. 

'i'ill it V 'i L H 'tUJU. 01 an 1" .. LL iii::'" nL ii'liIJ 1.1 III 
u • 

ly;ntl1Lfiut,w'n"','tJmt, ~flnU'nJUn'r11.Jn1U1l1~fi flfl~ U1.Jfl.JrI.J Yl,",,1" , , . 
';nn11UmL.:m,Onn1DlL iu .. "n1:" I1n \fiii .. ';l1u';n Lmht.:mLl "n~.' \iiL~ • • 
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~A1JriD~nln11 t ~lJ lJ"n'::tln~~tlDnm.m~~~l~'" YiU1FJ11flflflPJnu n11.1LnDU 3 L1Jf17 • 
un:!I."t.h~1Jl(ijr1~,mJfl" U~;f1"flnj\n;nU[Il'l'ln 3 ~.] 20 UJf1,. mt.1'1ntl~nvl~ 
~11'1 cudng ,'n 10 iiJ 24 ;11~J iiu,'\tJ \',\. 114~'';1<~U''v..m~'mJ';',,"" • 
n',\~ t: ... "'... .... '" 

TI 'YIJ1JU~:: 11J1Jf1111J"f1~l"""ln1l1!1UfJn 
.,. o<t rI fI 

6. lw"tJ,urul:tJ~luu ~ (rigid polyurethane foam) hhJU'J1"tJL\1,] 
• 

U"fl '\;;~ 1i '\tJ\;,.7~ \" lmJ.i1J~~';uJ11Jm. \"LLO:' ;,~,r'''I."mID.~'n iin"·J.~ 
~\'D'A~fl nL,jU'lU1Ufl111Jifl\'~~lJ'n L~m;11V1~n"tJBn1!J1LU~ 1 y./lJ h~~f1J11J'i::;;" 
• '\.... , " ., ".. " '" - til • \"1 • ~1 flfllJln YlUfHlU 1'lJU \.nlJUn1flut\::flfl'U lUfHJlJln f1a~t'l1JUfl~ ~nlUYll ~ l'hJU'1: J . , 

• < 1 t ...... '" \ ". \" 
tJ'::Ln'YIlHUUlh:: v'!UlJm 1:II1Y1":U.11UnDI."'lJ \lU'Ufl11lJ' DU UflUI"~ un::'!!1£! ." • 
,7u~.mWn110U.fl·1 ii;" 1 flU'" '\tJu~ 1 ". UJ.J",:"1,, lm,,,unn"u 1m M'. \" • 
lIDJL1n 6ml~EJ"'J l'LI:II1,., 1uumIPJJLfl1ElJU\4 lflfl1£J 

tlL~u~t VlA£l1LliU 1 oAlJLuutl U1U L~ m YitJ\JnufiLv'U~\;U U1\U111lJ1 ... fl\.l, . , 
,.iifl~U m;1.1L~U Lt'lU lmm"'1 lLn;'::~fl'lllJLL ;,m 1JlJlnn11 LYfjl:: 1 Yi~[J;l1iU 'flL~i • , • \ ' .. , '\ .... '" 1:.1 - til -- ... ~lh:'tllJ U'!!flY11J1:;",,"nlmnU\UInUfl::C'I'JU "'!IDJfHtJ'U cnYl) -A~1f1.'f1"~U'k\\U1UYl • • 
~n11 -; J ,~; 1~ ,jufinJ~fl11:.mu lJ.nn'U"nri,::0-un11lJ''''D''' 'flL 'l'hn"", ;J'; 1 l~fl~V"'~ • 
'1IU 'fh;nAJft 1Y1iu'U;1I1mt ri1n; 1I"'m;£jn~fl1.]~il c;1"n1u lU~~fl.~f1 0;\.\;.11 , 
(, m,.m~fi11~mLL;'.:,,j\lWO,~;j,,) nmtJA.".i n,,, \" h,~ n, "itilu'n~'n • 
'W1':;~JLL":ml1141JLri,uun \;;\l~firiu,,~ ..... I"~ \ \l~'\ii 

en) (~) (") 
"1&' ')"'. 11.1 1. (n) '\fi tu l'll,"".",m nn~~~nu "mUO'flU1 ~ •• :" 1 (. ".1""~'~""nn •• • 

'1'10J '\tJ\"n1fl,,;m,Uu (n) 'QI:~tJjjn1ul'nfi;" "';UU" '\fiUDn ,"".1,:,nfl;" ,;, 

\;;n1"~~~M.;"~'~~UJ ( tJ) tL"1'~fll W~'U~'M;nm ,u~m~ '\fi tu 1 '11,"".""" 
1 WlIn,:ll ;-3fl"'1 1 'r'hJ~f)1":1UU 1 i'llJ11 ;J",lCUlJ t~J~ ;UflVO"'!.I1{,flL 1lJrl"'", ~'t'; . , 
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1 - - • .,.11 2. Wt'!!i1Ui\.l.Ut.:J 
• • 
~~~'DJ 11'l~~D~~~D,,,a: 1~ 1D h1'lfV'~"~ ':~m1'1", 1tJl",rDJ1" ~"~·J~DJ,:n, • 
tJiin;V'flDn-U n1 h';~~~ 1 yj~ ~ fi~" DJ1'J ~~a-,,,; J",~jj" 1 yj~" ;J~";~ 1 """:~ jj"~",,, 
l\in"w1!1 

(
../, 'iii 0 ~ I '"" 
lHlfUHfilJ 249t Ul1)'l')WUU watts/metre . , 

, - . 
rJ".tJ'lfV , 
• • 'IUHllt 

l~iiDn (cork ) 

h.;a1n'"tw~ 
ltmn1 
tl'lOV,,,utwv ~~mJ'fi-'v CO2 • • 
tl'l"V' .. "tw" ~~mJ,"'vw;D-D" 11 • • 

0.072 

0.052 

0.040 

0.038 

0.033 

0.033 

0.017 

1 watt I metre oK = 6.935 Btu- in / hr fr2 ~ 

1. F. W. Billmeyer 

2
nd 

Ed .• 

" " Textbook of Polymer Science 

1971. 
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