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Research Status of Plasma Spraying to Prepare Coating Absorption and
Plasma Carburizing Technology

GAO Yukui ZHENG Xiangyuan GONG Sijie
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Abstract: With the development of radar detection technology, the demand for the stealth performance of equipment has increased.
The stealth technology can significantly enhance the survivability of military equipment and personnel, improve combat efficiency,
and establish greater control on the battlefield. The traditional methods for preparing radar-absorbing coatings are complex and
inefficient. Plasma spraying has gained widespread application as a thermal spraying technique in the preparation of absorbing
coatings owing to its simple process, broad applicability, and high controllability. The surface condition of the materials significantly
impacts their performance. Plasma carburizing, as a surface treatment process, plays a vital role in improving the surface strength and
wear resistance of materials. This study introduces the basic principles of plasma spraying as well as the influence of basic coating
process parameters such as powder feed rate, output power, spraying distance, and spraying speed on the quality of the coatings.
Research has shown that when the powder feed rate remains constant, excessively high or low spraying power can lead to a decrease
in the coating quality. An excessively short spraying distance can result in poor adhesion between the coating and the substrate,
whereas an excessively long distance can reduce the spraying efficiency and coating density. Therefore, the proper control of process
parameters in plasma spraying directly and significantly impacts the coating quality. Subsequently, recent research results in the

preparation of radar-absorbing coatings using plasma spraying are summarized. Adjusting the plasma spraying process parameters
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significantly affects the absorption performance. For instance, a higher spraying power can hinder the melting and deposition of the
powder, leading to increased porosity and reduced dielectric constants, that in turn affect the absorption performance. In the case of
composite coatings, the content of the constituent materials can be adjusted to improve the microwave absorption performance and
enhance the conductivity and impedance matching, resulting in excellent absorption and mechanical properties. Additionally,
temperature plays a substantial role in microwave absorption, with certain coatings demonstrating outstanding absorption performance
at elevated temperatures, presenting promising prospects for high-temperature microwave absorption applications. Furthermore, this
study provides an introduction to the development of traditional carburizing heat treatment methods and new carburizing heat
treatment technologies. Traditional carburizing methods involve the treatment of materials followed by quenching that creates a
surface with higher hardness while maintaining a softer core, thereby enhancing the surface hardness and wear resistance. The new
vacuum carburizing technology uses hydrocarbons as a carbon source to treat material surfaces at pressures below atmospheric levels,
minimizing deformation and avoiding issues such as surface oxidation and decarburization. However, it still faces challenges such as
long processing times and high treatment temperatures. Although high-temperature carburizing improves production efficiency, it can
lead to significant grain coarsening during the carburization process, affecting the fatigue performance of the material. Plasma
carburizing technology uses the principle of gas discharge to cause carbon ions to collide with the surface of the material, forming a
high-quality carburized layer. During ion carburizing, neutral molecules and charged particles move directionally on the surface of the
material under an electric field, resulting in a higher concentration of active carbon atoms on the surface of the material than during
vacuum carburizing. This substantially enhances the carburization efficiency. As surface modification technologies continue to evolve,
low-temperature plasma carburizing techniques have also achieved certain research progress. The study provides an overview of the
development and current status of plasma carburizing, highlighting the substantial influence of processing time and heating
temperature on the performance of the carburized layer. Plasma spraying and carburizing technologies have matured over time.
However, in the future, apart from adjusting the basic spraying process parameters, exploring new control methods for the
electromagnetic properties, mechanical performance, and microstructure of materials regarding plasma spraying and carburizing will
better meet the increasingly stringent requirements of radar-absorbing coatings. Further understanding of the mechanisms of residual
stress, grain boundaries, and dislocations in materials through plasma carburizing processes is also necessary. This study also provides
prospects for the future research and development of these two surface modification technologies, offering valuable insights for
industries involving critical component surface modifications, such as aerospace and military equipment.

Keywords: plasma spraying; absorbing coating; plasma carburizing
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®1 EXRBEM
Table1 Orthogonal test™

X Y z
Element Sample No.
Ar flow rate / (L / min) Spray power / kW Powder feed rate / (g / min)
1 35 40 30 X1Y171
2 35 44 40 X1Y2z2
3 35 48 50 X1Y3z3
4 40 40 40 X2Y1Z2
5 40 44 50 X2Y1Z3
6 40 48 30 X2Y371
7 45 40 50 X3Y1Z3
8 45 44 30 X3Y271
9 45 48 40 X3Y3z2

£2 TEBERSHT ALO; R ERFLEEEN
Table 2 Porosity of Al,O5 coatings at different

spray parameters*%

Sample Porosity / %
X1Y171 4.36
X1Y2z2 5.09
X1Y3z3 4.42
X2Y1z2 4.39
X2Y1Z3 4.00
X2Y3Z1 3.94
X3Y1Z3 4.46
X3Y2z1 411
X3Y3z2 3.94
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