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Table 1 Effects of the hard segment mass fraction on the appearance and stability of the emulsions

Number n(NCO)/n(OH) w( Hard segment) /% w(DMPA) /% Particle size/nm Stability ( Six-months)
WPU-1 2 20.4 3.0 143 Little sediment
WPpPU-2 3 26.2 3.0 130 Microscale sediment
WPU-3 4 30.8 3.0 81 No sediment
wpU4 5 34.5 3.0 89 No sediment
WPU-5 6 37.7 3.0 102 No sediment




2 B A Ak 2% 428 %5

2.2 ZFLRRFERMILD ML 517

WPU 5 £ AN an & 1 R o i s 1 AT L
F1i,3 200 ~3 600 em ™' 4b oy 51 3 H R 45 A4
N—H {14 45 4% 3 W Ui i 52 750 ~ 3 000 em ™' &by
—CH, .—CH, {5 ¥R 815 1 700 ~ 1 750 em ™' 4b
h C=0 (s, K1 AT LIS AR R i
RERRRC LT 22 5., I WPU2 & WPUS,
RSN AR PR Bh 7 B AT AR LA S B 4R shid e A
BRI A, S SR AR A RS 2l (R F Sk 0
W IR X A% 3 3500 3000

=4

2500 2000 1500 1000

KPE B R 3 PR T D72 4 o
TIRVAIAS TR0 G088 [0 B BF 5 ok P 2 ML VPO RSELT LI

Fig.1 FTIR spectra of the WPUs
a. WPU2; b. WPU3; ¢. WPU4; d. WPUS
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Fig.2 FTIR spectra and curve fittings of various WPUs for the N—H stretching vibrations
A. WPU2; B. WPU3; C. WPU4; D. WPUS. a. N—H in amorphous region; b. hydrogen-bonded N—H between hard and hard

segments; c. hydrogen-bonded N—H between hard and soft segments; d. experimental curve; e. gaussian fitted curve
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Table 2 Curve fitting results of various WPUs in the N—H stretching vibrational region

Peak position/cm ™! Peak area/%
sample a b c a b ¢
WPU2 3506 3384 3308 9.3 41.7 49.0
WPU3 3522 3378 3306 4.8 51.2 44.0
WPpPU4 3516 3353 3303 4.3 71.7 23.9
WPU5 3515 3346 3280 4.1 83.7 12.2

a. The peak areas are based on total N—H stretching band area.
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Fig.3 FTIR spectra of WPUs for the C=0 stretching

vibration

a. WPU2; b. WPU3; ¢. WPU4; d. WPU5
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Fig.4 DSC curves of the WPUs Fig.5 TG curves of the WPUs and the DTG curve of WPU4
a. WPU2; b. WPU3; c. WPU4; d. WPUS a. WPU2; b. WPU3; c. WPU4; d. WPUS ; e. DTG curve of WPU4
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Fig. 6  Stress-strain curves of WPU2(a), WPU3(b)
and WPU4 (¢)
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Effect of the Content of Hard Segment on the Hydrogen
Bonding Interactions and Properties of
Waterborne Polyurethanes

XU Hengzhi, WANG Huan, BAO Junjie, HUANG Yiping, XU Gewen "
(Anhui University ,Anhui Key Laboratory of Environmeni-friendly Polymer Materials ,
School of Chemistry and Chemical Engineering , Hefer 230039 )

Abstract A series of waterborne polyurethanes ( WPU) were prepared from isophorone diisocyanate ( IPDI)
and dimethylolpropionic acid( DMPA) , which acted as the hard segment. Effects of the hard segment content
on the emulsion stability, thermostability and mechanical properties of WPU had been studied. When the mass
fraction of the hard segment was below 26% , the emulsion stability was poor. With the increase of hard
segment content, the tensile strength of the resultant film prepared from WPU increased quickly, and the
breaking elongation decreased slightly; FTIR spectra showed that the intensity of free N—H stretching
vibration peaks dropped, while the intensity of hydrogen bonded N—H stretching vibration peaks increased.
At the same time, the peak shape of C==O0 stretching vibration changed obviously and shifted to lower wave
numbers. It is shown that the hydrogen bonds disaggregated evidently and the intensity of endothermic peak
strengthened from 50 C to 125 °C according to DSC analysis, suggesting that the hydrogen bonding
strengthened gradually as the hard segment content increased. The TG curves indicated that the thermal
decomposition of WPU was mainly a step-by-step decomposition of the hard and soft segments. The
decomposition temperature of the hard segment and the thermostability of WPU decreased with the increase of
hard segment content.

Keywords waterborne polyurethane ,hard segment, hydrogen-bonding action ,thermal properties



