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Abstract

A bio-based polyurethane acrylate (PUA) prepolymer derived from rubber seed oil was synthe-
sized, and thermochromic microcapsules coated with polyurea were prepared to fabricate UV-
curable thermochromic films. Fourier transform infrared spectroscopy (FT-IR), proton nuclear
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magnetic resonance (H NMR), scanning electron microscopy (SEM), and real-time infrared spec-
troscopy were employed to characterize the structure, morphology, and photocuring Kinetics of
the materials. The effects of microcapsule size and content on curing behavior, thermochromic
performance, and fingerprint imaging quality were investigated. The results showed that the
prepared films exhibited reversible thermochromic behavior within 40°C~45°C, with a response
time below 3 s. Microencapsulation significantly improved thermal cycling stability, and the
color attenuation rate remained below 8% after 20 cycles. When the microcapsule content was
15 wt% and the average particle size was 3.2 pm, the film achieved a high double-bond conver-
sion rate of 86.4% and excellent fingerprint imaging quality. Continuous ridge structures and
clear minutiae details were successfully obtained. The study demonstrates the promising appli-
cation of rubber seed oil-based thermochromic PUA films in sustainable functional materials and
forensic science.
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Figure 1. SEM image of polyurea-coated thermochromic microcapsules
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Table 1. Changes in microcapsule particle size at different emulsification speeds
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Table 2. Comparison of thermal cycling stability before and after microencapsulation
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Table 3. The effect of microcapsule addition amount on the conversion rate of double bonds
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Figure 2. Illustration of handprint collection under different temperature conditions
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