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Abstract

Nickel coatings are among the most widely applied functional metallic coatings
in modern surface engineering because of their excellent corrosion resistance,
mechanical durability, decorative appearance, and ability to improve tribological
performance. High-quality nickel deposition is critically important in aerospace,
automotive, electronics, chemical processing, and precision engineering industries,
where coating uniformity, adhesion strength, microstructural stability, and defect
minimization directly determine service life and operational reliability. The quality of
nickel coatings depends on a complex interaction of electrochemical parameters,
electrolyte composition, substrate preparation, impurity control, current distribution,
and post-treatment conditions.

Modern nickel coating technologies include electrolytic nickel plating,
electroless nickel deposition, pulse electrodeposition, and hybrid nanostructured
deposition methods. Particular scientific attention is currently directed toward
reducing internal stresses, controlling grain refinement, improving hardness, and
minimizing porosity through advanced bath chemistry and process optimization. This
article presents a comprehensive technological analysis of obtaining high-quality
nickel coatings, including substrate activation, bath formulation, deposition

mechanisms, defect control, and characterization techniques.
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1. Introduction

Nickel coating is a surface modification process in which metallic nickel is
deposited onto a substrate to improve surface properties without altering bulk
material characteristics. Nickel is widely used because it provides a unique
combination of:

. corrosion resistance,

. wear resistance,

. ductility,

. hardness,

. thermal stability,

. electrical conductivity.

Nickel coatings are commonly applied to:

. steel,

. copper alloys,

. aluminum alloys,

. zinc die-cast materials,

. polymerized conductive surfaces.

The growing industrial demand for highly reliable coatings has shifted
attention from conventional decorative nickel plating toward functional engineering
coatings with controlled microstructure and enhanced performance under aggressive
operational conditions.

High-quality nickel coatings require strict control of coating morphology,
crystal orientation, grain size, and interface adhesion, since even minor process

deviations may lead to porosity, blistering, cracking, or hydrogen embrittlement.

2. Fundamental Principles of Nickel Deposition

Nickel deposition is based on electrochemical reduction of nickel ions from
aqueous electrolytes onto a cathodic substrate surface.

Hydrogen evolution significantly affects:

. porosity formation,
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. internal stress,
. surface roughness,
. adhesion defects.

Therefore, industrial nickel plating requires optimization of cathodic efficiency.

3. Surface Preparation Prior to Nickel Coating

Surface preparation is the most critical stage in obtaining defect-free nickel
coatings.

3.1 Mechanical Pretreatment

Mechanical preparation removes macro-defects and surface irregularities:

. grinding,

. polishing,

. abrasive blasting.

Surface roughness strongly influences nucleation density during initial
deposition.

3.2 Degreasing

Organic contaminants prevent uniform current distribution.

Degreasing methods include:

. alkaline cleaning,
. solvent degreasing,
. ultrasonic cleaning.

Typical alkaline degreasing solutions contain:

. sodium hydroxide,

. sodium carbonate,

. phosphate compounds.
3.3 Acid Activation

Oxide films are removed using acid pickling:
. hydrochloric acid,
. sulfuric acid,

. mixed acid activation systems.
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For steel substrates:

10-15% HCI is commonly used.

3.4 Electrochemical Activation

Cathodic activation immediately before deposition improves adhesion by
removing passive films.

4. Electrolytic Nickel Plating Technology

4.1 Watts Nickel Electrolyte

The most widely used industrial electrolyte is the Watts bath.

Typical composition:

. nickel sulfate (NiSO4-6H20): 240-300 g/L

. nickel chloride (NiClz-6H20): 30-60 g/L

. boric acid (H:BOs): 30-45 g/L

Boric acid stabilizes pH near the cathode and reduces burning.

4.2 Operating Parameters

Optimal deposition parameters:

. temperature: 50-60°C

. pH: 3.5-4.5

. current density: 2—8 A/dm?

These parameters determine:

. grain refinement,

. brightness,

. stress level,

. deposition rate.

4.3 Current Distribution

Non-uniform current distribution causes thickness variation.

Methods to improve uniformity:

. auxiliary anodes,
. shields,
. pulse current control.
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5. Electroless Nickel Deposition

Electroless nickel coating is based on autocatalytic chemical reduction without

external current.

The most common reducing agent is sodium hypophosphite.

. uniform thickness on complex geometries,
. superior corrosion resistance,

. excellent adhesion,

. high hardness after heat treatment.

Phosphorus content strongly affects structure:
. low phosphorus: crystalline deposits

. high phosphorus: amorphous deposits
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