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1. Guanping Xu, Zirui Zhao, Zhong Lin Wang, and Hai-Feng Li*. 

Integrating machine learning with triboelectric nanogenerators: 

Optimizing electrode materials and doping strategies for intelligent 

energy harvesting. Nano Energy 142, 111131 (2025). DOI: 

10.1016/j.nanoen.2025.111131. [2024 IF=17.1] 
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UM Research Team Pioneers Machine Learning to Unlock High-
Performance Energy Harvesting Materials

Guanping Xu and Zirui Zhao, Ph.D. students in the IAPME, contributed equally. This work was supported by the Science and 
Technology Development Fund, Macao SAR (File Nos. 0104/2024/AFJ and 0115/2024/RIB2), University of Macau (MYRG-
GRG2024-00158-IAPME), and the Guangdong-Hong Kong-Macao Joint Laboratory for Neutron Scattering Science and 
Technology (Grant No. 2019B121205003).

❑ This study introduces a robust machine learning framework 
that utilizes Graph Neural Networks (GNNs) to predict and 
optimize the performance of triboelectric nanogenerators 
(TENGs). The model accurately forecasts optimal electrode 
materials and doping strategies, achieving unprecedented 
accuracy in predicting key performance metrics like energy 
density.

❑  The data-driven approach led to the discovery of highly 
effective material combinations, such as PTFE doped with 7% 
silver, predicted to achieve a remarkable energy density of 
1.12 J/cm². Experimental validation confirmed the model's 
high accuracy, with performance improvements of up to 
85.7% for certain doped polymers.

❑  This methodology establishes a new paradigm for intelligent 
material design, significantly accelerating the discovery of 
high-performance materials for TENGs while reducing 
reliance on costly and time-consuming experimental trials. It 
provides a powerful platform for advancing sustainable 
energy harvesting technologies and self-powered systems.
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Our institute participated in the 11th Macau Industrial Products Show, 

held from October 2 to 5, 2025, where we presented a selection of our 

latest research innovations to the public.
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❖ Institute Showcased the Research and Product at the 11th 
Macau Industrial Products Show

Among the highlights were two pioneering research products that drew 

considerable attention from attendees:

• Skin-Repairing Hydrogel Based On Carbon Quantum Dots, 

developed by Prof. Songnan Qu (曲松楠 ), offering promising 

applications in biomedical technology.

• Polymer/Cement Nanocomposite Materials, developed by Prof. 

Guoxing Sun (孫國星), aimed at enhancing the performance of 

construction materials.
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Throughout the four-day exhibition, our booth welcomed visits from 

students and teachers representing more than ten secondary schools 

across Macau. The engagement provided a valuable opportunity for 

young learners to explore cutting-edge scientific advancements and 

interact with researchers.
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Our institute has maintained a strong presence at the Macau Industrial 

Products Show over the years, consistently showcasing our latest 

research and translational achievements. This ongoing participation 

reflects our commitment to fostering public understanding of materials 

innovation and strengthening collaboration between academia and 

industry.
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Contact Us

Email
iapme.enquiry@um.edu.mo

❖ Upcoming Events
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