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Synthesis and properties of high solid contents
polyurethane-acrylate hybrid emulsions

LI Shao-mao, QU Jin-qing, CHEN Huan-qin
(School of Chemistry and Chemical Engineering, South China University of Technology, Guangzhou 510640, China)

Abstract: High solid contents waterborne polyurethane-acrylate hybrid emulsions (PUA) were synthesized by emulsion
copolymerization of aqueous polyurethane dispersion (PUD) and acrylic monomers including methyl methacrylate
(MMA) and butylacrylate (BA) in the present of azodiisobutyronitrile (AIBN) using PUD as an emulsifier and a reactant.
The preparation methods of high solid contents emulsions were investigated. The effects of monomer categories and
contents on the PUA properties were studied. Meantime, the structures and properties of PUA were characterized by
FTIR spectra and thermal gravimetric analysis (TGA). The results show that PUA emulsions with high solid contents up
to 45% are obtained when PUD/monomers are dispersed at 6 000 r/min rotation speed for 20 min and thermal
polymerized at 70 for 1-2 h and 0.70% AIBN is added as a post-addition initiator. PUA films display good
performance including 15.5% water absorption, 6.9% alkali absorption, 22.6% ethanol absorption, 0.75 hardness, and
good low temperature crack-resistance (—20 , 72 h, film surface no crack) when the mass ratio of PUD/ monomers and
MMA/BA are 1:1.2 and 2:1, respectively. The PUA films containing MMA and BA display good thermal stability.

Key words: polyurethane-acrylate hybrid emulsion; high solid content; water-resistance
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Table 1 Effects of MMA content on properties of PUA emulsions and films
e :D Y m(Mg/IA)/ W% W% Wa% W% W/ %
PUD 200 0 33.0 139.9 66.5 135.9 0.63 89.5
APE 1 200 66.0 42.0 6.0 13.1 49.6 0.68 94.2
APE 2 200 100.3 42.5 335 10.7 81.3 0.72 95.9
APE 3 200 150.5 36.0 324 13.2 90.7 0.80 88.0
APE 4 200 200.7 37.0 0.50 8.2 58.5 0.78 97.6
W, Wy, w,  NaOH Wg WgGel
2 BA PUA
Table 2  Effects of BA content on properties of PUA emulsions and films
me :D y m(z A W% Wa% W% W/ %
PUD 150 0 33.0 139.9 66.5 135.9 0.63 89.5
APE 5 150 21.0 35.2 12.3 18.5 61.6 0.55 95.6
APE 6 150 41.0 37.5 11.1 8.9 46.9 0.50 86.5
APE 7 150 61.0 355 8.9 16.0 33.9 0.36 90.0
APE 8 150 81.5 325 14.2 5.5 24.1 0.23 79.6
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3 MMA BA PUA
Table 3  Effects of mass ratio of MMA and BA on properties of PUA emulsions and its films

m(MMA)/m(BA) W/% Wy/% Wa/% Wg/% Wge/%
APE 5 0:1 35.2 123 18.5 61.6 0.64 95.6
APE9 1:1 44.5 18.5 6.9 22.6 0.63 89.6
APE 10 21 45.0 202 7.2 30.1 0.68 91.1
APE 11 511 45.6 15.5 7.9 28.9 0.75 93.6
APE 1 1:0 4.0 6.0 13.1 49.6 0.68 94.2
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4 PUD

Table 4 Properties of PUD and PUA
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Fig.2 FT-IR spectra of PUD and PUAs
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