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Table 1 The molar ratio of BDO and TMP prepared for the PU elastomers and the parameters for the PU networks

BDO: TMP Content of TMP in PU elastomer Vi N,

Sample M,
(‘molar ratio) x10 ~* (mol/g) (% ) x10 % (mol/g)

PUE-0 1:0 0 — — —
PUE-1 3:1 2.27 21.0 4937 2.03
PUE-2 2:1 2.92 23.9 3653 2.74
PUE-3 1:1 4.08 26.3 2857 3.50
PUE4 1:2 5.10 28.2 2429 4.12
PUE-5 1:3 5.56 29.2 2279 4.39
PUE-6 0:1 6. 80 31.5 1876 5.33
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Fig. 1 Gaussian fit of the swelling coefficients versus

solubility parameter for PUE-1 and PUE-5 samples
a) PUE-1; b) PUE-5
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Fig. 2 Plot of the crosslink number per unit weight versus the

content of TMP and the data calculated by theory
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Fig. 3 DSC curves of PU elastomers with different

crosslink densities
a) PUEO; b) PUE-1; ¢) PUE2; d) PUE-3; e) PUE4;
f) PUE-5; g) PUE-6
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Table 2 DSC scan results of PU elastomers with different crosslink densities

T, (ss) AT, (ss) T, (hs) AT, (hs) T, (PPG-2000) T,(IPDI +BDO) T,(IPDI +TMP)
Sumple (C) (C) (C) (C) () (C) (C)
PUE-0O -47.0 8.5 32.4 9.3
PUE-1 -48.6 7.7 24.2 5.7
PUE-2 -48.2 7.5 22.8 4.6
PUE-3 -48.7 7.0 22.7 4.6 - 63.5 74.4 116.3
PUE4 -48.2 7.1 23.6 5.7
PUE-5 -48.5 8.9 21.2 3.7
PUE-6 -48.6 8.0 21.6 2.8

Table 3 The hard segments and soft segments content in the hard

domains and the soft domains

Hard segment domain Soft segment domain

Sample
W (%) W, (%) W (%) W, (%)

PUE-0 0.79 0.21 0.18 0.82
PUE-1 0.71 0.29 0.16 0.84
PUE-2 0.70 0.30 0.17 0.83
PUE-3 0. 68 0.32 0.15 0.85
PUE-4 0.67 0.33 0.15 0.85
PUE-5 0. 64 0.36 0.15 0.85
PUE-6 0.63 0.37 0.14 0.86
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Fig. 4 TGA (A) and DTG (B) curves of PU elastomers with
different crosslink densities

a) PUEO; b) PUE2; c¢) PUE-6
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Table 4 TGA results of PU elastomers with different crosslink

densities

T, T A

Sample M,
(c) (c) (c)
PUE-0 — 285.17 325.2 387.8
PUE-1 4937 302.8 329.1 384.6
PUE-2 3653 306. 0 333.2 386.0
PUE-3 2857 310.6 343.0 382.7
PUE-4 2429 314. 1 344.5 383.6
PUE-5 2279 319.0 347.7 388.5
PUE-6 1876 319.1 349.5 391.5
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Fig. 5 Infrared spectra of carbonyl region for PU elastomers
with different crosslink densities

a) PUE-O; b) PUE-1; ¢) PUE-2; d) PUE-3; e) PUE4;
f) PUE-5; g) PUE-6
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Fig. 6 Infrared spectra of carbonyl region for PU elastomers by least square curve fitting

a) PUEO; b) PUE6
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Table 5 Least square curve fitting results for infrared spectra analysis

X (%)

Sample

X().LA XD.LA XB.LA
PUE-0 55.2 28.0 83.2
PUE-1 53.9 30.7 84.6
PUE-2 48.7 22.0 70.7
PUE-3 43.3 20.3 63.6
PUE4 42.6 24.5 67.1
PUE-5 41.5 23.9 65.4
PUE-6 40.7 23.1 63.8
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Table 6 Mechanical properties of polyurethane elastomers with different crosslink density

Modulus at Modulus at
Tensile Elongation Young’ s Residual
100% 300% Shore A
Sample M, strength at break modulus elongation
exlension extension hardness
(MPa) (%) (MPa) (%)
(MPa) (MPa)
PUE-0 — 13.3 1392 2.2 3.7 0.8 110 71
PUE-1 4937 14.5 583 5.2 8.9 1.9 28 81
PUE-2 3653 14.5 394 5.6 9.9 2.4 13 83
PUE-3 2857 13.8 323 7.2 13.0 3.2 12 85
PUE-4 2429 13.2 258 7.9 - 4.4 12 87
PUE-5 2279 12. 4 229 8.0 - 4.9 8 88
PUE-6 1876 12. 4 169 9.5 - 10. 4 4 89
3 s SR P B TP & 50 15 00 i 2 4 1 5L B (g
fnle

i 3 I T3S B TMP () i e R TR 22
YR 365 3£ 1A I e 3R 2 i LV . R TR 1 A
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REFERENCES

Lee D K, Tsai H B.J Appl Polym Sc¢i,2000,75:167 ~74

Ferrer M C C,Babb D,Ryan A J. Polymer,2008 ,49 :3279 ~ 3287

Chiou B S,Schoen P S.J Appl Polym Sci,2002,83:212 ~223
Dadbin S, Burford R P, Chaplin R P. Polymer,1996,37.785 ~792

O 0 N N R W N =

Nasar A S, Jikei M, Kakimoto M. Eur Polym J,2003,39.1201 ~ 1208
Somani K P,Patel N K,Kansara S S, Rakshit A K. J Macrom Sci,2006,43.797 ~811

Zhang Y H,Xia Z B,Huang H,Chen H Q.J Anal Appl Pyrolysis,2009,84 .89 ~94

Buckley C P,Prisacariu C,Caraculacu A. Polymer,2007 ,48 .1388 ~ 1398
Furukawa M, Mitsui Y, Fukumaru T, Kojio K. Polymer,2005,46:10817 ~ 10822



280 B4 F % W 2011 4

10 Jena K K, Chattopadhyay D K,Raju K V S N. Eur Polym J,2007 ,43 ;1825 ~ 1837
11 Zhang Jie(375) , Hu Chunpu (%) . Acta Polymerica Sinica( &4 F2£3#) ,2009, (9) :867 ~ 873
12 Kojio K, Nakashima S, Furukawa M. Polymer,2007 ,48 ;997 ~ 1004

13 Flory P J,Rehner J.J Chem Phys, 194311521 ~526

14 Sung C S P,Schneider N S. Macromolecules, 1975 ,8 .68 ~73

15 Jayabalan M, Lizymol P P. Polym Degrad Stab,1997,58 251 ~255

16 Valette L, Hsu C. Polymer, 1999 ,40 ;2059 ~2070

17 Luo N,Wang D N, Ying S K. Polymer, 1996 ,37 (14) ;3045 ~ 3047

18 Zhang J,Hu C P. Eur Polym J,2008 ,44:3708 ~3714

EFFECT OF CROSSLINK DENSITY ON THE STRUCTURES AND
PROPERTIES OF ALIPHATIC POLYURETHANE ELASTOMER

ZHU Guangchao, WANG Guiyou, HU Chunpu
( School of Materials Science and Engineering, East China University of Science and Technology Shanghai 200237)

Abstract A series of crosslinked aliphatic polyurethane ( PU) elastomers with various crossslink densities
were synthesized by the reaction of isophorone diisocyanate ( IPDI) with polyether diol, trimethylolpropane
(TMP) and 1,4-butanediol (BDO) through one step method. The results showed that the crosslink density of
PU elastomers exhibited a linear relationship to the content of TMP , while the content of hard segments of PU
elastomers was fixed at 40 wt% . With the increase of the crosslink density of the PU elastomers, the glass
transition temperature (7,) value of the hard segment domains in the PU dropped significantly from 32°C to
21%C ,the T, value of the soft segment domains in the PU dropped slightly form -47°C to -48°C ,and the
degree of H-bonded urethane carbonyl in the PU decreased from 83% to 63% ,which indicated that the micro-
phase miscibility of the PU elastomers was enhanced. With the increase of the crosslink density of the PU
elastomers,the TGA results showed that the onset decomposition and the maximum decomposition temperature
of the PU elastomers increased from 285%C to 319°C and 325°C to 349°C respectively,which indicated that the
thermal stability of the PU elastomers was also improved. The mechanical test indicated that the Young’ s
modulus, modulus at 100% extension and Shore A hardness of the PU elastomers significantly increased with
the increase of the crosslink density of PU,while the elongation at break decreased.

Keywords  Aliphatic polyurethane elastomer, Crosslink density, Morphology and structure, Mechanical

property





