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22717} 299 4,4'-diphenylmethane diisocyanate (MDI)$} polyester polyol Z&8l1 A&
AFAA 2N 14-butane diolZ¥E] MZF polyurethaned A3 FA & 471(DSC), ¥4 7]
AX dEA7/(DMTA), 281 Fao vig QX ERJ7|(FT-IR)E ol &3l EHE A+
sl B dFd A AzxE polyurethane MDIS & F 472 A sia i 43
GATEZRE M LS € F UAT EF = HAadE §Fo] FAYFE T, 57
e #2ZY £ Utk olgyd DSC Aue DMTAYME AFAY ¢+ AU #H
polyurethane®] @2 & (annealing effect)E A&7 ¢& v A 2P et
polyurethane®l FEA L 39t 1 A dHE L=/t F/HE4E Egdes Tyt 5
7t9e #FE 4 Aok wde AA7 AL 2A AR FLL BEFY + It
o]} & Tgo Z7He B&(swelling) AP 2RE dAEd wel 712 =7}t F7138H9 ol g
& Jb W% Z7}7} polyurethaned] T,& A5A7le 9U9E g9 & 4 o 6d
o] FT-IR 97228 gx3d 9§ polyurethaned #4242 A= wsdle 2 & ¢
Atk

Abstract ~ Polyurethane (PU) synthesized from 4,4'-diphenylmethane diisocyanate
having high functionality (f=2.9) and polyester polyol have been investigated by
differential scanning calorimeter (DSC), dynamic mechanical thermal analyzer (DMTA),
and Fourier transform infrared spectroscope (FT-IR). From the DSC measurement of
polyurethane, a single transition temperature (T,) was observed. This result indicates that
polyurethanes synthesized in this work have homogeneous network structure due to high
functionality of diisocyanate. It was also found that the Ty of polyurethane was increased
as hard segment content was increased. The results from DMTA measurement are
consistent with DSC results. In order to investigate the effect of thermal annealing on the
T, of polyurethane, the samples were annealed at various annealing conditions. Tes of .
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polyurethanes were found to increased with annealing temperature. From swelling
experiment and FT-IR studies, it was found that the T, was increased as crosslinking

density of polyurethane was increased.
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gutg o2  polyurethaned  isocyanate?”]
(-NCO)®t &4 +4E e IFE(-OH, -NH
S)3e] wg& Z3 urethnae’) (-NH-COO-)
%2 urea?|(-NH-CO-NH-)E #dAse niA

2 BAPY. o] F isocyanatex AHEAES
diol ¥+ diamine F9 A& dFA(chain

extender)$} 4 3= MU E(hard segment)
Z, polyole] AZE AIHE(soft segment)E
HAgo gurmgod polyurethaned 948837
o gge7x, =4, F4YY ez 47
(functionality)el m&t 43 FAHAZEEY of
F aag uiz 23474 Az & UrH12).
£3] chlorofluorocarbon (CFC)olut H05 22
W ¥ A7 rigid polyurethane foam< #& ©<¢
4 olgjell £43 7]AlAH Ao FAY Fo
2 sl AFHA/IA(LNG) AZHAE 92
st ZFE A4 ddAZA Bo] ALEHA
9l tH2). o] & & rigid polyurethane foamei Al
gtz oz & FA47E 7HAE d8 R
Ab3HAl g o] g9 JFi(crosslinking)
polyurethane foam®] EAJd] 2 3L vl
gt} Polyurethanedi Al 712 & A7|l& %4
[NCOVIOH] ratio® %7}*# allophanate$}
biurets] Ao zHE 7/[nE A7 e P$y" F
4717 2 o)A AL A 835lY R E AT
+ ubgol ol 2 FHEUE e Y8=
e 4% ESday stad 9% 4% 2
e #4877t i delay] dEel A |
F7b %ol APHAR: YA Ygrh HI
Petrovi¢ 5412 7tae] 712 A3ty 3= A
adE) TER A 1} 3] 5| of AARsE
(crystallinity)7} 245 3 modulus$t A=, 28
o 957t ZAsHA HE v Al olEA
(mobility)e] A &=} modulus®t W=7 F7t
st At 9%e vE § Qlda BRIy
. A dAFdAE 1FLEVE FE MDIER
€] rigid polyruethaneg A& g3 AHAS
133 ¥Y 2 FT-IRE &3 mA BREEA #
oA F= AIAE FFo| FrHEd wet
A& Ago] F/dvn SR THE]L

fo 2L rff to rlf

_19_

polyurethane, glass transition temperature,
density, hydrogen bonding

annealing, crosslinking

¥ AT A= average functionality?} 2.9¢!
4,4’ -diphenylmethane diisocyanate (MDD)E& o]
23l AZ#% rigid polyurethaneg Alxb FA}
dFAMDSCY 53 71AH dE471(DMTA)
g olg3ly d3 EAo gty ZAE I
gl 27dd W rigid polyurethane® d3
AFo Wsto] ofjs] At Ao g
7} 3 % (crosslinking density)2] W3E 24317
A3 B (swelling) 2L 39z &4 =
AIRES = HIUE Ale] £ 3= A2
HES AZE HIUE AloldM BT A
T A 224 d8 FT-IREZ g@dsidrh

2.4 ¥

2.1. Mg}

2 dFdAM Al4¥ polymeric MDIE BASF
Abol A A Z%F Lupranat M50S2A] average
functionality® 29°]1 equivalent weightE
1335g/eq. wt.o]8, NCO ##F2 31.5wt%°]
t}. polyole STEFANARIA A 2§ P-31502
A] phthalic acid based polyester polyol®]}t}.
polyol®l  average functionalityt  2.0°]3
equivalent weight® 175.0g/eq. wt.o]th. A&
AZAE  14-butanediol(BD)E AM&£3IR2H,
Z )= triethylene diamine dipropylene glycol
of &3A7 ¥4 ZvE AL&-s4d Fig. 19
= B dFdA4 Ale4d MDIS Z8d2HEa &
gdg9 Fz4& eI

22 Ee|sygte] #A

Polyurethane®  MDI¢} polyolz BDE
3,000rpme £EZ A4 187 2w F
£ 6008 F7HE F 30x v uwstd @A
34 th Polyold &2 AFJulZ 10002 A3}
3 BD®t MDI¢ &  HIAANH
polyurethane] &= MIa2WE #FS WIAA
o, 3= AadE FFE = NaIHEE F
A&e MDI$F BDY FA9 §3 AA A8
FAZEEH AMNEHAT Table 1ole ¥ A7
A §A ¥ polyurethanes] A& JGehiich
g4 8 polyurethane AIRES PU-XXE o3
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Fig. 1. Structure of chemicals used in this
study:
(a) polymeric diphenylmethane

diisocyanate (MDI);
(b) palyester polyol
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43 polyurethaned  Perkin-ElmerA} &)
DSC-7 2dg 2183l 84L& dduch dx
2714 20K/ming] & £%2 -70ToA
200CAX F2A71M A¥gsdd. 2@
RheometricAl] advanced rheometric expansion
system (ARES)E °¢]&3ld DMTAEZ #33%
o}, 0.5%9) ¥ (strain)2 6.28rad/secd) SEE
7hale] -120Cel A 200C7HA S5K/ming £
£ g2 A3t polyurethaned] @A gld] o}
2 7Zlnxe ¥stg gEsy] o8 dxaE &
polyurethane A|&&  N,N’-dimethylforamide
(DMF)ol 3¢ B¢ Afdx 83 m#l{AY
F olZ25E A(gelllAe nEAe] Euied
ZA3o 7tz dxY AEE TIHA FH
polyurethane®] Gzl @& £24%9 AL
£ ##sr] 98 Fourier transform infrared
spectroscope (FT-IR)E Al£3& 4. dx8E
g polyurethane& ¥ ¥ej2 WEoA KBr#
74 tzaz TE O 2m’'Y BRSO
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Table 1. Chemical composition and hard segment
content for the polyurethanes synthesized
from polyester polyol (ES), 14-butane
diol (BD), and 44'-diphenylmethane
diisocyanate (MDI).

Hard segment

S:or::ie Weight ratio content”
(wt%6)
ES : BD : MDI
PU-44 100: 0: 80 4
PU-55 100: 10: 111 55
PU-62 100 : 20 : 142 62
PU-67 100 : 30 :173 67
PU-T1 100 : 40 : 205 71
PU-74 100 : 50 : 236 74
PU-80 100 : 75: 314 80
PU-83 100 : 100 : 391 83
PU-100 0: 23: 70 100

‘the number in the sample code denotes the hard
segment content (%) of the polymer.
Pcalculated as weight percentage of MDI and BD

per total polymer weight.
3. 83 ¢ nE

3. 1. DSCE 0| 8%t polyurethane2] H&4

DSCE o] &3¢ polyurethaneS &E4|sto
FEHO)XE(THE BAIAY. Fig. 201 £ ¢
FollA A=ZE polyurethaned] 3= AIWE
UFo W& T,& vl A 246 dis
54 ~ 150TCe]A & Y T, & #FE 5+ A
td ol 4AZE Zw(soft domain)d} 3=
= vQl(hard domain)2. 8 A&7l dojvn 7
ol GYolA  TE  JHAE 9wy
polyurethane elastomer$}= @8 £ AT oA
AZ3 polyurethaneS YE EFY & #F§
712 U39 stmst de vda e #d
Aoz EAFTGE AL & + dup)l =3
= AaHE 3ol Frtgel wt Tyrt $718
£ #FE 4 AT FH Ist scanolA FFH
Ty BthE 2nd scanollA #FE Ty7b oF 5~1
6C Z713ld=d ol+ 1st scand & Fgtd
< A 2} (annealing) 287t ik Al 3o
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polyurethane®] o] W37} dojyr] W&
Aog #HHL 4 Yo IAHHdd 9§
polyurethane®] E4 ®H3I}E =& $ 3leod
ol& EUsr] HAdtyg B AFNA Az
polyurethane A &°l €3 & 7}stgch
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g Tt Ads 38 & YAtk wHddg o
9le] NBES A9 Fig. 29 2nd scandl A &
" Ty olste] 2xoA dXE ¢ ¥ @gd
Ty X &2 o Jeds Y &
ATk ey 1 oY 2:oA dAEE
s A 9 oA dAHE x4 WE T9
H3lg TR & fldd. o)y dAedd 9
T T8 AeS €A E st ¢ Jta d
29 vy B 422 (hydrogen bonding)
Hxe ZF712 AT HezZ AgHo|AY,

¥H PU-839 fs] Azl wel EXE &
¥ #2d T8 SA}4Y 9348 =& Fig
29] 2nd scan®lA BFE Teot Tg ©189] &%,
a2 T, oj4e) 52 AU PU-83
Fig. 45} o] @A4¢ Ao} wea}t T,o ¥gE
HolA gFskrh.
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Fig. 2. Glass transition temperature of the
polyurethane with composition:
(@) 1st can; (O) 2nd scan.
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Fig. 3. Effect of annealing temperature on
the glass transition temperature of

the polyurethanes:

(@) PU-44;

(O) PU-55;
(v) PU-67; () PU-71; (1) PU-74;
(@) PU-80; (O) PU-83; (Aa) PU-100.

(v) PU-62;
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Fig. 4. Effect of annealing time on the
glass transition temperature of
PU-83:

(O) annealed at 90C; (V) at 120TC;
(D at 150T.

3.2. DMTAE 0| 8% g& sS4 o3

Polyurethaned] %3 71413 43 € T, &
g 3 53 7148 ¥ (DMTAS AHE3)
9o Fig. 59& PU-44, PU-62, PU-7],
PU-80, PU-100] th#lA tan & & “ehRATH
e AadEeE FFo el tan 5§ FHolz
(peak)E dUde FIE 4 UYL °|ZHH
B dFdA A=ZE polyurethaned TIT 4
< 7HIA3 dE AE AF¥A & ¢+ A}
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EE 3= AaUE FFo] FIEFE tan §
Hola &x¢ /S ¢ £ dYen o
polyurethane®] DSC 279} dx)3lAr}.

tan 5

<100 50 0 50 100
Temperature (°C)

150 . 200

Fig. 5. Tan & of polyurethanes with
composition:
(a) PU-44; (b) PU-62; (c)
PU-71; (d) PU-80; (e) PU-100.

33. dxizjo] & ZimY o] H
& AgeozHE dAa A4 g stz
Az A% ¥z3E #FAEH I Floryl6le 2
271 &vllo]x BEE o z2HF oux] w3
(free energy change)= ©&3 o1 gt

AF=AFM+AF21 (1)

ANA gFe AF oulA 3, JFye dut
2 oldx  W3Mordinary free energy
change), 281 AF. & BA AH duzx w3l
(elastic free energy change)olth. dut A{ o
Yz \3le dam e aEzel £oe) =t
f olydx Wzl P& £ o

AF y= kT(nInv, + x;7,v2) 2

q71M nie £vlje] B & e £Ul9 By B
g, ve TEAY B B& a8y, 1P
A-Eoit 335 2L AFE Ve,

A &4 AF dUAE FAFE(network)
A WE e wates A gickn 713
3 g3 2ol "t

i

AF y=—T4Sy=—kTIn$2, (3)
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qNA S BATZY H)<d(configuration)F
#dE dEZF ®goln 2, WIPHoix
< PATRY Ao HFE wldolH dejyg
F UAE FEolt 2.2 HIF Als Wy B
Hi7b glejer  dlm FEE  HErz
(juxtaposition)7} A= Aok I} o|RES
n#3a

AF = (kTv,/2)(3a2—3— Ina®) 4)

A7A p.= FATFRAM AA W AL
ojA = Al& 9] Foli, a5 AFH Wy <lzlo)
o

3}t ¥ ¢4 (chemical potentia)& A oY
A W3g v 42 S sl9 T3,
PYYd of 2R RE gy e Yoz H
E5 o

In(1 — v5) + v, + 1,05
(&) Vl(v§/3 - 02/2)

2 __
M, M

16))

A71M Mo Jta 29" BA% Me A 3
249 2AF, po2 YHTEE JHHAE 2EA
9 2%, 233 V2 &9 &9 ¥ 7 (specific
volume)o|tt. YWt o= 7laxrzt Fvhstd

& Zasnz oziy stue AEE U
T A7

F4 PU-M4E <dAg oA A% #AZF 5
0T, 70T, 100T, 283 150TCANA 583 EA
g & Aol i 4d& FsAo tudEd
AEE 4 G 78 5 A o] oM u

EA-2m AZFEASF e AR
polyuretnae?} TFZAoznE group
contribution®] <3 &3= <AA(solubility

parameter) & FAg F og# JozRE 7

g 5 o8l
X1 = 0.34+%(61_62)2 (6)

q7A e TEAY L= U, sE 44
o &= AA, 2R Vo £l 9 2y
(specific volume)e|t}. o2 X-¢ F4+3 PU-44
9 72 035284, 3 HE Aoz Ry A
(geDol A9 v 8 T3 7t2 59 H=E F
g 4 Atk Fig. 691 PU-449] disl g
2xd g Fludxe = E JERAT of
Agoz2ryg dAg %7 T gt 7t
T 9dxd AHxrt F/4EE #3E F+ A
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Fig. 6. Effect of annealing temperature on the
crosslink density of polyurethane.
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Fig. 791 PU-44¢] A&} z4z} 50T, 70C, 2
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spectra® JERA Rolth 3360cm™ F-ZolA
N-H 2%9 doja 37 AY 95 #2%
F AUt BFM B AFeA  Azxd
polyurethanet gxae 9% A4 A=
o] W3IE FFY F Y3, olZHE EH
o 9% Tg Asd F2EEE 79E A @
Ede AL ¢ £ Ui

Wave Number (cm™)

Fig. 7. FT-IR spectra of PU-44 annealed for 5
minutes: (a) annealed at 70TC; (b) at
100TC; (c) at 130T
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4 ok EF A we dMHE & F @
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Nomenclatures

4dF : Free energy change

AdF y : Free energy change on mixing.

4F ! Free energy change for elastic
deformation.

M ! Primary number average molecular
weight.

M, > Molecular weight per cross-linked
unit.

4S8, : Entropy change for elastic deformation.

a; : Factor expressing the linear deformation
of a network structure by isotropic
swelling.

Ve : Effective number of crosslinked unit.

dv : Frequency shift.

Vs : Frequency of maximum absorption
for the free N-H groups.

Vp . Frequency of maximum absorption
for the bonded N-H groups

51 * Solubility parameter of solvent.

62 : Solubility parameter of polymer.

o2 * Density of polymer in solution.

X1 : Polymer-solvent interaction parameter.

6. &IREH

1]

1. Wood, G., "The ICI Polyurethane Book”,
2nd ed., Chapter 1-3, John Wiley & Sons,
New York, NY (1990).

2. Qerterl, G., "Polyurethane Hand Book”,
2nd ed, Chapter 1,2, Hanser Publisher,
New York, NY (1990).

3. Ester, G.M., Cooper, S.L. and Tobosky,
AV. Macromol. Sci. Rec. Macromol
Chem., C4, 313 (1970).

4. Petrovi¢, Z.S., Javni, I. and Divjakovi¢, V.,
J. Polym. Sci.: Part B: Polym. Phys., 36,

KIGAS Vol.2, No.4, December, 1998

221 (1998).

5. Jung, H.C,, Kang, S.J, Kim, W.N,, Kim
S.B., Lee, YB. and Hong, SH., J. Korean
Inst. GAS, 2, 59 (1998).

6. Flory, PJ., "Principle of Polymer Chemistry”, 1st
ed, Chapter 4, 6, 8, Comell Univ. Press, Ithaca,
NY (1953).

7. Flory, P.J. and Rehner, J, J. Chem. Phys.,
11, 521 (1943).

8. Van Krevelen, D.W.,, "Properties of Polymer”,
3rd ed, Chapter 7, Elsevier Science Publisher,
Amsterdam, Netherland (1990).

9. Xiu, Y., Zhang, Z.,, Wang, D., Ying, S. and
Li, J., Polymer, 33, 1335 (1992).

10. Wang, F.C,, Feve, M, Lam, T.H. and Pascault
JP, J, Polym Sci: Part B: Polym. Phys.,
32, 1305 (1994).

11. Kontou, E., Spathis, G., Niaounakis, M.
and Kefalas, V., Colloid Polym. Sci., 268,
633 (1990).

_24_



