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Abstract A series of multiple cross-linking ultraviolet

(UV) curable waterborne polyurethane dispersions (UV-

PUDs) were synthesized by modification of diglycidyl

ether of bisphenol-A-based epoxy resin (E51) through ring-

opening by 3-aminpropyltriethoxysilane (APTES). Ini-

tially, APTES-E51 was synthesized using APTES to open

the epoxy groups of E51. Then, APTES-E51 was incor-

porated into the chains of polyurethane, and multiple cross-

linking UV-PUDs were produced. The chemical structures

were confirmed by the Fourier-transform infrared spec-

troscopy (FTIR) and the effect of the APTES-E51 content

on the UV-PUDs properties was investigated. The average

particle size of UV-PUDs was determined by dynamic light

scattering (DLS). The result showed that the average par-

ticle size increased with increasing APTES-E51 content

and the stability of the UV-PUD storage diminished when

the content of APTES-E51 was 10.0%. After modification

by APTES-E51, the water absorption of the UV-cured

films decreased and the water contact angle (CA) increased

significantly. Thermogravimetry analysis (TGA) of the

UV-cured films illustrated that APTES-E51 modified UV-

curable waterborne polyurethane could exhibit good ther-

mal stability. In addition, mechanical property of the cured

films showed that the incorporation of APTES-E51 also

improved tensile strength of the cured films. We can obtain

good storage stability, satisfied water resistance, and high

thermal stability and tensile strength when the APTES-E51

content of the UV-PUD was 9.1%.
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Introduction

In recent years, owing to fast curing speed and environ-

mental-friendliness, UV-curable waterborne technology

has been gained more and more attention and developed

fast [1–3]. It combines the advantages of waterborne

technology and UV technology. At the same time, it

overcomes some disadvantages such as poor film properties

for waterborne technology and potential skin irritation for

UV technology. Therefore, UV-curable waterborne mate-

rials are expected to substitute the solvent-based products.

As a unique kind of polymer, UV-curable waterborne

polyurethane can obtain various properties and enhance

performance by the selection of different components. And

it can be satisfactorily applied in coatings for wood, elec-

tronic materials, biologic materials, printing inks, etc.

Therefore, the UV-curable waterborne polyurethane has

become one of the most favorable materials [4–6].

Despite all the advantages, their use has been limited.

The conventional preparation of the UV-curable water-

borne polyurethane is usually through capping the linear

polyurethane (PU) prepolymer with the single-hydroxyl

acrylate, and the obtained resins cannot possess high

molecular weight. Therefore, the films are soft with un-

ideal mechanical properties and water resistance compared

with solvent-based products [7, 8].

Silicone-modified resins exhibit excellent properties

such as high-temperature stability for the excellent bond

strength of Si–O–Si, good hydrophobic behavior, scratch

resistance, etc. For many years, silicone intermediates are
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