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Preparation of modified polyurethane sizing agent and
its reinforcement of carbon fiber
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Abstract: Fluoro-modified waterborne polyurethane (F-WPU), ethylenediamine modified waterborne
polyurethane (E-WPU) and silicone-modified waterborne polyurethane (K-WPU) emulsions as well as
sizing agents were prepared by self-emulsification method using isophorone diisocyanate, polypropylene
glycol-1000 and dimethylol propionic acid as raw materials, perfluorohexyl ethanol, ethylenediamine and
y-aminopropyl triethoxysilane as modifiers. Carbon fiber (CF) composites were then obtained from sizing
CF using the three types of sizing agents with solid content of 1.0%, which were mechanically blended at
different compounding ratios. The WPU sizing agents were characterized by FTIR and XPS, with their solid
content determined by surface tension, SEM and TGA tests, while the interfacial shear strength of CF
composites was evaluated by microdroplet method. The results showed that F-WPU, E-WPU and K-WPU
emulsions displayed good dispersion stability with relatively similar particle size distribution, an average
particle size of 15.0~19.2 nm and a polydispersity coefficient of 0.236~0.422. The optimum solid content of
all three WPU sizing agents was 1.0%. The F-WPU sizing agent exhibited the most significant effect on
reducing surface tension, with the F-WPU sizing agent with 1.0% solid content showing a surface tension
of 29.8 mN/m and the best wettability, while the E-WPU sizing agent and F-WPU sizing agent contained
more active groups, and the chemical bonding and wettability improvement enhanced the chemical force
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between CF and matrix, leading to higher interfacial shear strength of CF composites, reaching 34.33 and

28.51 MPa, respectively.

Key words: carbon fiber; sizing agents; waterborne polyurethane; surface energy; interfacial shear strength;
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Fig. 1  Schematic diagram of preparation process of F-WPU emulsion
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