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Effects of Heat Treatment on the Hardness and Magnetic Properties of

Low - Phosphorus Electroless Nickel Plating Layer
ZHANG Yunfei, LYU Xiaohu, WU Yuanjin, MA Xing
( Guizhou Zhenhua Qunying Electrical Appliance Co., Ltd., Guizhou 550024, China)

Abstract. As a critical automatic control component in aerospace and weapon equipment systems, the performance of the core
and yoke in electromagnetic relays directly determines the operational reliability of the entire system. This study took DT4E iron
cores and yokes as research objects. SEM, XRD and micro-vickers hardness tester methods were used to investigate the effects
of different heat treatment temperatures (200—450 °C) on the microstructure, microhardness, and electromagnetic attraction
force of low - phosphorus (3.2%), mass fraction) electroless nickel - phosphorus alloy coatings. The results indicated that the as-
plated nickel - phosphorus alloy coating presented a mixed microstructure of microcrystalline and amorphous phases, with a mi-
crohardness of approximately 480 HV. With the elevation of heat treatment temperature, the coating underwent complete crystal-

lization. At around 250 °C, the internal stress within the coating was released, causing a temporary decline in microhardness. At
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350 °C, finely dispersed Ni;P hard phases start to precipitate within the coating. When the temperature reached 400 °C, the

coating completed recrystallization, accompanied by massive precipitation of finely dispersed Ni;P phases, and its microhardness

peaked at 700 HV. At 450 °C, internal stress accumulated in the coating, leading to the formation of microcracks and a slight

reduction in microhardness. Regarding electromagnetic performance, the variation in heat treatment temperature exerted a rela-

tively limited effect on the electromagnetic attraction force. The electromagnetic attraction force increased slightly with rising tem-

perature and reached the maximum value at 400 °C ; nevertheless, its electromagnetic performance showed no significant change

compared with the as-plated state.

Key words: electromagnetic relay; low - phosphorus electroless nickel plating; hardness; electromagnetic suction force; heat
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Fig. 1 XRD analysis of nickel - phosphorus alloy at
different heat treatment temperatures
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Fig. 2 SEM analysis of coatings at different heat treatment temperatures
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Fig. 3 Effect of heat treatment temperature on

hardness of nickel - phosphorus alloy
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heat treatment temperatures
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