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Abstract-- Electroplating is an electrochemical process used
to deposit a thin layer of one metal onto the surface of another
metal using electric current and an electrolyte solution. It
improves corrosion resistance, wear resistance, hardness,
electrical conductivity, and the overall appearance of metal
components. The process involves surface preparation,
electroplating, rinsing, and finishing to produce a durable and
uniform coating. Electroplating is widely used in industries
such as automotive, electronics, aerospace, medical, and
jewelry manufacturing. This study explains the principles,
process, applications, advantages, limitations, and common
defects of electroplating, highlighting its importance in
enhancing the performance, durability, and quality of
engineering materials.

1. INTRODUCTION

Electroplating is the process of coating a metal object with
a thin layer of another metal using an electric current. It is
mainly used to improve the appearance, corrosion
resistance, hardness, wear resistance, and electrical
conductivity of metal products. The process involves
immersing the object in an electrolyte solution and passing
direct current through it, causing metal ions to deposit on the
surface. Electroplating is widely used in industries such as
automotive, electronics, aerospace, medical equipment, and
jewelry manufacturing. It is an economical and effective
method for increasing the durability, performance, and
service life of engineering components.

I1. PRINCIPLE OF ELECTROPLATING

The principle of electroplating is based on electrolysis.
In this process, an electric current is passed through an
electrolyte solution containing metal ions. The object to be
coated is connected as the cathode (negative electrode),
while the plating metal is connected as the anode (positive
electrode). When current flows, metal ions from the
electrolyte are reduced and deposited as a thin, uniform
layer on the object's surface, improving its appearance,
corrosion resistance, and durability.
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[Fig.1] Principle of electroplating
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III. BATH CHEMISTRY OF NICKEL ELECTROPLATING

The bath chemistry of nickel electroplating consists of a
solution that provides nickel ions for coating and chemicals
that improve plating quality.

Typical composition:
e Nickel Sulphate (NiSO4): Main source of nickel
ions.

e Nickel Chloride (NiCl): Improves
dissolution and increases conductivity.

e Boric Acid (H;BO;s): Acts as a buffer to maintain
pH and produce a smooth, uniform coating.

anode

e Additives/Brighteners: Enhance brightness, reduce
defects, and improve the finish.

Operating conditions:

e pH:3.5-45

o Temperature: 50—60°C

e Current Density: 2—-10 A/dm?
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A properly maintained bath ensures uniform nickel
deposition, good adhesion, corrosion resistance, and a
bright, smooth finish.

IV. ENVIRONMENTAL ASPECTS OF ELECTROPLATING

Electroplating can have environmental impacts because
it uses chemicals, heavy metals, and wastewater. If not
treated properly, these can pollute water, soil, and air.

Key environmental aspects:

o Wastewater: Contains metal ions (nickel, chromium,
zinc, copper) and harmful chemicals that require
treatment before disposal.

o Air Emissions: Acid fumes and chemical vapors may
affect air quality and worker health.

o Solid Waste: Sludge from wastewater treatment
contains heavy metals and must be disposed of safely.

e Chemical Handling: Proper storage and handling
prevent leaks and contamination.

o Pollution Control: Effluent treatment plants (ETPs),
recycling of rinse water, and eco-friendly chemicals
help reduce environmental pollution.

Proper waste management and pollution control make the
electroplating process safer and more environmentally
friendly.
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V. CONCLUSION OF ELECTROPLATING

Electroplating is an important industrial process that uses
electrolysis to deposit a thin layer of metal on another metal
surface. It improves corrosion resistance, appearance,
hardness, wear resistance, and durability of components.
With proper bath maintenance, process control, and
environmental management, electroplating provides high-
quality coatings for applications in the automotive,
electronics, aerospace, and decorative industries.
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