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Abstract: This study focuses on mechanical property enhancement and volatile organic compounds (VOCs) reduction
characteristic of environmentally-friendly waterborne coatings. We synthesized a series of organic-inorganic hybrid
waterborne polyurethanes by using poly(tetramethylene glycol) 2000, polycarbonate diol 2000, isophorone diisocyanate,
dimethylolpropionic acid and titanium dioxide. The study on the effects of the R ratio([NCOJ/[OH]) and inorganic con-
tents on environmentally-friendly waterborne coatings showed that the R ratio with more than 1.5 is appropriate due to
arrangement of hardsegments. The applied TiO, on films reduced volatile organic compounds (VOCs).
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Table 1. Chemical Structure of Main Materials
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Figure 1. Synthetic scheme of organic-inorganic hybrid waterborne
coating agent.
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Table 2. Compositions of Organic-Inorganic Hybrid Waterborne Coating Agents

No. PTMG PCD DMPA IPDI TEA 1,4-BD P25 TDE-7 RM-825
(mol) (Wt%)

WC-1 0.02 0.02 0.064 0.135 0.064 0.04 0.5% 3% 1%
WC-2 0.02 0.02 0.064 0.146 0.064 0.04 0.5% 3% 1%
WC-3 0.02 0.02 0.064 0.156 0.064 0.04 0.5% 3% 1%
WwC-4 0.02 0.02 0.064 0.167 0.064 0.04 0.5% 3% 1%
WC-5 0.02 0.02 0.064 0.177 0.064 0.04 0.5% 3% 1%
WC-6 0.02 0.02 0.064 0.156 0.064 0.04 0% 3% 1%
WC-7 0.02 0.02 0.064 0.156 0.064 0.04 1% 3% 1%
WC-8 0.02 0.02 0.064 0.156 0.064 0.04 2% 3% 1%
WC-9 0.02 0.02 0.064 0.156 0.064 0.04 3% 3% 1%
WC-10 0.02 0.02 0.064 0.156 0.064 0.04 4% 3% 1%
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Figure 2. FTIR spectra of waterborne coating agents: (a) WC-6; (b)
P25; (¢) WC-9.

100

80 -

60 -

40 - /

20

Particle size (nm)

0 1 1 1 1
0 1 2 3 4

P25(TiO,) content(wt%)

Figure 3. Particle size of waterborne coating agent according to
aeroxide P25 content.
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Figure 4. Particle size distribution of waterborne coating agent
according to aeroxide P25 content: (a) WC-6; (b) WC-8; (c) WC-10.
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Figure 5. FESEM images of waterborne coating agents: (a) WC-6;
(b) WC-9.
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Table 3. Glass Transition Temperature of Water Borne
Coating Agent according to Isocyanate Content

Product No.(R ratio) T(°C)
WC-1(1.3) -26.92
WC-2(1.4) -24.59
WC-3(1.5) -23.97
WC-4(1.6) -21.31
WC-5(1.7) -19.61
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Figure 6. Glass transition temperature of water borne coating agent
according to aeroxide P25 content: (a) WC-6(-24.06); (b) WC-8
(-22.31); (c) WC-10(-19.81).
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—— Tensile strength‘

400 L —@— Elongation 1400
e
L
‘é, 300 4300 ¢
g 5
s 2
2 =
2
o 200 -200

0 1 2 3 4

P25(TiO,) content(wt%)

Figure 8. Physical properties of water borne coating agent accord-
ing to aeroxide P25 content.
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Figure 9. TVOCs concentration of water borne coating agent
according to aeroxide P25 content.
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