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Analysis of material removal dynamics
and tribology properties in
electrochemical mirror-like finishing of
AISI 304 stainless steel
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Abstract

This study aims to investigate the surface properties in electrochemical
polishing of AISI 304 stainless steel workpieces. Through establishing the
equilibrium gap equation between the workpiece and the electrode, a highly
hydrophilic polished surface can be obtained for the expected tribology properties.
However, the coupled parametric terms exhibit non-linear relationships with
boundary conditions, which produced contradict effects between material removal
and oxide film formation, resulting in machining difficulties. In this study, a
differential equation for material removal is established to correct the nonlinear
errors of the gap, projected area, and charge corresponding to the overpotential
(aq), overcut projected area (a,), and removal of the native oxide film (Cinitiar)-
In addition, the equilibrium equation can accurately define the critical values of
the voltage, working gap, and electrolytical conductivity corresponding to the
passivation, trans-passivation, and mirror polished surfaces. In the verification
experiment, the effects of the equilibrium parameters on the drawn current density
and material removal rate are analyzed and demonstrated. Based on the established
current density plots, the current density ranges of the passivation, trans-
passivation and the mirror-like finishing surfaces, can be defined as less than 60
A/em?, 60-80 A/cm?, and greater than 80 A/cm?. The experiment confirmed that
passivation surfaces featured the chromium oxide (Cr20s3) film with micro-
protruded fingers, which contributed the hydrophobic property (contact
angle~135.28°). In contrast, the trans-passivated surfaces presenting hydrophilic
properties (contact angle~78.95°) were exhibited with micro-honeycomb

structures (Ra~19.2 nm) which were produced by selective corrosions. Moreover,



when the chromium oxide film (Cr.03) was converted into a chromium hydroxide
film (Cr(OH)3), the hydroxyl radical formed a polar matrix, making the machined
surface extremely hydrophilic (contact angle~63.33°). The material removal
mechanisms, surface characteristics, alterations of microstructures and activated
mechanisms for hydrophobic and hydrophilic surfaces in electrochemical mirror-

like polishing are all detailed.
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