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Influence of the Molecular Weight of Polyhydric Alcohol
and the Blending of Moso Bamboo Charcoal on the

Properties of Waterborne Polyurethane Resins

Yuan-Hsyun Li'  Yi-Chun Chen’ Ming-Shan Hu’> Yun-Yun Lee® Wen-Jau Lee"’

[ Abstract ] In this study, waterborne polyurethane resins, named WPU-1 and WPU-2, were prepared by using
polytetramethylene ether glycol (PTMG) with the molecular weight of 1000 and 2000 as a polyhydric alcohol, respectively.
Isophorone diisocyanate, dimethylolpropionic acid, trimethylamine, and ethylenediamine were used as the isocyanate,
internal emulsifier, neutralizer, and chain extender, respectively. The experimental results showed that WPU-2 had larger
average molecular weight and average particle dimension than that of WPU-1. Resin films that prepared with WPU-1 had
more urethane structure, larger swelling coefficient and less weight retention after water soaked test, but had higher weight
retention after dissolving in ethyl acetate. The results of tensile test showed that resin films of WPU-1 had higher stiffness
and tensile strength. On the other hand, resin films of WPU-2 had better toughness. DMA result showed that a significant
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two-phase structure existed in WPU-2. TGA result showed that WPU-2 had better heat-resistance than that of WPU-1. The
tensile strength, tensile modulus and breaking energy of WPU resin films could be increased when 1% of moso bamboo
charcoal was added. However, it decreased when over 5% of moso bamboo charcoal was added. DMA result showed that the
two-phase structure of WPU was not changed by moso bamboo charcoal. Nonetheless, the temperature of phase transition for
hard segment at high temperature side decreased and the height of the peak of damping value increased. TGA result showed
that the initial thermal degradation behavior was not changed by adding the moso bamboo charcoal.

[ Key words] Moso bamboo charcoal, Polyhydric alcohol, Resin films, Thermal properties, Waterborne polyurethane resins.
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Table 1. Weight percentage of various compositions used in preparing WPU resins.

B PTMG SESPIEE T (%)

[ (G3="E) T PTMG DMPA DMAc IPDI TEA EDA H,0
WPU-1 1000 13.1 2.6 11.6 1.6 1.1 64.7
WPU-2 2000 18.2 1.8 8.1 1.1 0.7 66.3
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Table 3. Relative intensity of urethane, methylene and ether for WPU resins.
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! (1699 cm™'/2856 cm™) (1699 cm™'/1107 cm™) 1107 cm™/2856 cm’!
WPU-1 121 0.54 2.26
WPU-2 0.74 0.33 221
WPU-1/WPU-2 1.64 1.64 1.02
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Table 4. Water- and solvent-resistance of resin films prepared with WPU/bamboo charcoal.

i e ’I‘J‘FH(E;DEI i if?:”ﬁ%@j S | f—f‘;w
A R 1B TR (%) Fit o)
WPU-1 0.0 0.82+0.01 40.9+3.8 9.9+0.1
WPU-2 0.0 0.13+0.01 72.1£1.5 11.8+1.8
WPU-2 1.0 0.15+0.00 68.3+1.4 10.3+0.6
WPU-2 2.5 0.16+0.01 71.5£1.9 9.5+0.7
WPU-2 5.0 0.20+0.01 56.2+2.7 11.1+1.1
WPU-2 7.5 0.23+0.02 62.3£2.0 11.0+0.2
WPU-2 10.0 1.18+0.02 63.7£1.9 10.2+0.7
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Table 5. Tensile properties of resin films prepared with WPU/bamboo charcoal.
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BE 9 AR RN IS (MPY) B Ee(MPa) BRSO FERETRI)
WPU-1 0.0 12.52+1.65 40.72+5.83 652+173 0.88+0.53
WPU-2 0.0 9.65+0.83 2.76+£0.17 25554213 2.02+0.67
WPU-2 1.0 12.33+1.36 3.82+0.16 2436+228 2.31+0.33
WPU-2 2.5 9.44+2.70 2.08+1.40 2651+622 1.36+0.22
WPU-2 5.0 6.11£2.63 2.10+0.96 25634228 1.37+0.39
WPU-2 7.5 8.86+0.82 2.58+0.12 2695490 2.11£0.03
WPU-2 10.0 2.42+0.81 6.80+5.35 1653+1007 0.45+0.10
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Fig. 6. DSC thermal analysis curve of WPU resins.
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Table 6. Parameters of tan & peak from DMA analysis of resin films prepared with WPU/bamboo charcoal.
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WPU-1 0.0 71 -39 0.085 20 59 0.406
WPU-2 0.0 -81 -53 0.250 -4 52 0.398
WPU-2 1.0 -82 -54 0.250 3 52 0.386
WPU-2 2.5 -81 -53 0.258 4 47 0.405
WPU-2 5.0 -82 -53 0.226 -7 46 0.397
WPU-2 7.5 -82 -54 0.247 -3 48 0.425
WPU-2 10.0 -81 -53 0.232 -7 44 0.401
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