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Introduction 
The development of advanced composites with tailored properties 

has become a cornerstone of modern materials science. Polyvinyl alcohol, 
a water-soluble synthetic polymer, is commonly used in a wide array of 
applications, from packaging materials to biomedical devices, due to its 
excellent film-forming abilities, biocompatibility, and biodegradability. When 
combined with nanoparticles, such as nitrogen (N)-filled particles, PVA-
based composites can exhibit enhanced mechanical, thermal, and optical 
properties, making them ideal for a range of high-performance applications. 
One promising approach to fabricating such composites is laser ablation in 
liquids, a process where a high-energy laser is used to generate nanoparticles 
within a liquid medium. This technique is highly effective for producing 
high-quality, well-dispersed nanoparticles with precise control over particle 
size, distribution, and composition. The integration of nitrogen (N)-filled 
nanoparticles into PVA composites can lead to significant improvements in 
the material's properties, such as increased strength, thermal stability, and 
enhanced chemical reactivity. This article will explore the fabrication of N-filled 
PVA composites through laser ablation in liquids, with a particular focus on the 
role of fluid mechanics in optimizing the process. Understanding the fluid flow, 
heat transfer, and material dynamics within the ablation system is essential 
to achieving efficient nanoparticle synthesis and achieving high-performance 
composite materials [1-3]. 

Description 
This process results in the formation of a PVA-based composite with 

enhanced mechanical, optical, and thermal properties due to the incorporation 
of nitrogen-filled nanoparticles. The behavior of these nanoparticles during the 
laser ablation process and their subsequent integration into the PVA matrix is 
heavily influenced by the fluid dynamics involved. The role of fluid mechanics 
in laser ablation in liquids is critical to understanding the behavior of 
nanoparticles during and after their synthesis. Several fluid dynamics factors 
influence the quality of the nanoparticles produced, their size distribution, 
and how well they disperse within the PVA matrix. When a laser beam is 
focused on the target material submerged in the liquid, it generates a high-
temperature plasma plume that consists of atoms, ions, and nanoparticles. 
The dynamics of the plume are influenced by both the laser energy and the 
properties of the surrounding liquid. The liquid acts as a medium for cooling 
the plasma and facilitates the nucleation and growth of nanoparticles. Fluid 
flow within the liquid is crucial for controlling the dispersion and distribution of 
the ablated material. Convection currents, generated by the heat of the laser 
and the interactions between the liquid and the heated target, help carry the 
ablated particles away from the target area. These currents also assist in the 

distribution of nanoparticles throughout the liquid, ensuring uniform particle 
formation and reducing the risk of particle aggregation. The heat transfer 
within the liquid is a fundamental aspect of the laser ablation process. After 
the laser interacts with the target, the surrounding liquid absorbs the heat, 
which then dissipates through conduction and convection. The rate at which 
the liquid cools affects the size and shape of the nanoparticles [4,5].

Conclusion
Laser ablation in liquids is a powerful technique for fabricating N-filled 

polyvinyl alcohol composites with tailored properties. The fluid mechanics of 
the process, including fluid flow, heat transfer, cavitation, and nanoparticle 
dispersion, play a critical role in determining the quality and uniformity of 
the nanoparticles produced. By understanding and optimizing these fluid 
dynamics factors, it is possible to enhance the performance of PVA-based 
composites and unlock new applications in fields such as electronics, 
biomedical devices, and advanced materials. The integration of nitrogen-
filled nanoparticles into PVA composites holds significant promise, and fluid 
mechanics considerations will continue to play a pivotal role in advancing this 
technology.

References
1.	 Qu, Dan, Min Zheng, Ligong Zhang and Haifeng Zhao, et al. "Formation 

mechanism and optimization of highly luminescent n-doped graphene 
quantum dots." Sci Rep 4 (2014): 5294.

2.	 Dong, Yongqiang, Hongchang Pang, Hong Bin Yang and Chunxian Guo, et 
al. "Carbon‐based dots co‐doped with nitrogen and sulfur for high quantum 
yield and excitation‐independent emission." Angew Chem Int Ed 52 (2013): 
7800-7804.

3.	 Coccia, Mario and Elza Bontempi. "New trajectories of technologies for 
the removal of pollutants and emerging contaminants in the environment." 
Environ Res 229 (2023): 115938.

4.	 Aguilar, Guillermo, Bernard Choi, Mans Broekgaarden and Owen Yang, et 
al. "An overview of three promising mechanical, optical and biochemical 
engineering approaches to improve selective photothermolysis of refractory 
port wine stains." Ann Biomed Eng 40 (2012): 486-506.

5.	 Daldosso, Nicola and Lorenzo Pavesi. "Nanosilicon photonics."  Laser 
Photonics Rev 3 (2009): 508-534.

How to cite this article: Song, Hong. “Laser Ablation of N-filled Polyvinyl Alcohol 
Composites in Liquids: Fluid Mechanics Insights into Fabrication Techniques.” 
Fluid Mech Open Acc 11 (2024): 360.

mailto:songh@gmail.com
https://www.nature.com/articles/srep05294
https://www.nature.com/articles/srep05294
https://www.nature.com/articles/srep05294
https://www1.spms.ntu.edu.sg/~yuting/Publications/Publication 2013/Carbon-Based Dots Co-doped with Nitrogen and Sulfur for High Quantum Yield and Excitation-Independent Emission.pdf
https://www1.spms.ntu.edu.sg/~yuting/Publications/Publication 2013/Carbon-Based Dots Co-doped with Nitrogen and Sulfur for High Quantum Yield and Excitation-Independent Emission.pdf
https://www.sciencedirect.com/science/article/pii/S0013935123007302
https://www.sciencedirect.com/science/article/pii/S0013935123007302
https://link.springer.com/article/10.1007/s10439-011-0436-9
https://link.springer.com/article/10.1007/s10439-011-0436-9
https://link.springer.com/article/10.1007/s10439-011-0436-9
https://onlinelibrary.wiley.com/doi/abs/10.1002/lpor.200810045

