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The effect of plasma nitriding duration on wear behavior of electroless

self-lubricant nickel-boron-graphite coatings

Vahid Niksefat!, Farzad Mahboubi?
Department of Materials and Metallurgical Engineering, Amirkabir University of Technology (Tehran
Polytechnic), Tehran, Iran.

Abstract

The aim of this study is to develop a novel nickel-boron-graphite (Ni-B-Gr) composite coating via electroless plating, endowed with
self-lubricating properties, and to analyze its wear characteristics. Electroless deposition of Ni-B-Gr coatings was achieved on AlSI
4140 steel utilizing a sodium borohydride-based electroless nickel bath. The resulting composite features a nickel-boron matrix,
characterized by a skewness index of -0.12, offering both hardness and fluid-retaining capabilities, augmented by graphite flakes (< 20
um) at a concentration of 0.275 g/L, serving as a solid lubricant component. Plasma nitriding treatments were conducted at 400°C for
varying durations (30, 60, 120, 180, and 240 minutes) in a gas mixture of 25% nitrogen and 75% hydrogen. Comprehensive
characterization of the Ni-B-Gr composite coatings encompassed microstructural analysis via X-ray diffraction (XRD), morphology
examination using field emission scanning electron microscopy (FE-SEM), microhardness testing, roughness measurements, and wear
assessment through pin-on-disk tests. Notably, the plasma nitrided Ni-B-Gr composite coatings for 60 minutes exhibited a significant
enhancement in hardness, with a hardness of 1060 HVo.1. Moreover, compared to as-plated Ni-B-Gr coatings, the 60 minutes plasma-
nitrided composites demonstrated a remarkable 75% reduction in specific wear rate and a 31% decrease in friction coefficient. The
incorporation of graphite as a self-lubricating agent effectively mitigated adhesive wear and oxidation by reducing the contact surface
between the steel pin and the coating, thereby enhancing the wear resistance of the composite.

Keywords Electroless Nickel-Boron, graphite, self-lubricant, plasma nitriding, tribological behaviour
E-mail of Corresponding author: mahboubi@aut.ac.ir
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