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Introduction

In the world of materials science, the surface is often the most critical interface between a component and its 

environment. Whether a turbine blade is exposed to extreme temperatures, a medical implant must resist bodily 

fluids, or a structural member needs to withstand corrosive chemicals, the surface determines performance, 

durability, and safety. For engineers, designers, and researchers, mastering surface engineering is essential. One of 

the most authoritative references on this topic is the ASM Handbook Volume 5: Surface Engineering. This

comprehensive guide offers detailed information on coating technologies, surface treatments, and the science

behind them, making it an indispensable tool for anyone working in the field.

What Is the ASM Handbook Volume 5?

The ASM Handbook is a multi �volume collection published by the ASM International, a global community of

materials scientists and engineers. Volume 5 focuses exclusively on surface engineering, covering:

•  Coating technologies (thermal spray, electroless deposition, anodizing, etc.)

•  Surface modification methods (laser ablation, ion implantation, plasma treatments)

•  Testing and characterization techniques (scratch tests, hardness measurements, corrosion assays)

•  Applications across industries (aerospace, automotive, biomedical, energy, and more)

Each chapter is written by experts in the field and includes practical guidelines, case studies, and references to the

latest research, ensuring that readers have both foundational knowledge and actionable insights.

Key Topics Covered in Volume 5

1. Thermal Spray Coatings

Thermal spray processes—such as plasma spray, flame spray, and HVOF—are widely used to deposit protective or

functional layers. Volume 5 delves into:

•  Material selection criteria for feedstock powders

•  Process parameters affecting coating morphology and adhesion

•  Post �processing treatments to improve toughness and corrosion resistance

•  Case studies on high �temperature turbine coatings and wear �resistant armor plates

2. Electroplating and Electroless Deposition

Electroplating remains a cornerstone of surface engineering due to its versatility and cost effectiveness. The

handbook covers:

1.  Fundamental electrochemical principles

2.  Common plating systems (nickel, chromium, copper, gold)

3.  Surface preparation and cleaning protocols

4.  Advanced electroless methods for non �conductive substrates

5.  Environmental considerations and green plating alternatives

3. Anodizing and Oxidation Treatments



Anodizing transforms aluminum and other metals into durable, corrosion �resistant surfaces. Topics include:

•  Types of anodic processes (hard anodizing, soft anodizing, plasma electrolytic oxidation)

•  Control of oxide thickness and porosity

•  Coloration techniques and decorative finishes

•  Applications in aerospace, automotive, and consumer electronics

4. Surface Roughness and Functionalization

Surface roughness directly influences friction, adhesion, and biological compatibility. The handbook discusses:

1.  Measurement standards and instruments (profilometers, AFM)

2.  Methods to tailor roughness for specific applications (e.g., bone �implant integration)

3.  Surface energy modifications for improved bonding or anti �wetting properties

5. Corrosion Protection

Corrosion is the ultimate enemy of material longevity. Volume 5 offers a deep dive into:

•  Electrochemical testing (potentiodynamic polarization, salt �spray tests)

•  Coating failure mechanisms and mitigation strategies

•  Design guidelines for marine, chemical, and high �humidity environments

•  Emerging self �healing coatings and smart corrosion sensors

How to Use the Handbook Effectively

Given its breadth, navigating the ASM Handbook Volume 5 can be daunting. Here are some practical tips:

1.  Start with the Table of Contents. Identify chapters relevant to your project (e.g., “Laser Surface Modification” 

for cutting �edge machining).

2.  Use the Index. Search for specific terms like “Ni �P coating” or “laser polishing” to find cross �references.

3.  Apply the “How to” sections. Many chapters include step �by �step guides for common procedures.

4.  Leverage the reference list. For deeper research, the bibliography offers a wealth of primary sources.

5.  Consult the online version. The digital edition often includes interactive features, such as clickable diagrams 

and embedded videos.

Surface Engineering Across Industries

Aerospace

In aerospace, weight reduction and high �temperature tolerance are paramount. Surface engineering solutions

include:

•  HVOF �sprayed thermal barrier coatings on turbine blades.

•  Laser �ablated surface textures to reduce ice accretion.

•  Electroplated copper heat spreaders for electronic components.

Automotive

Automotive components demand durability and lightweight. Common surface treatments are:

•  Nickel �phosphorus coatings for wear resistance on gears.

•  Hard anodized aluminum for body panels.

•  Ceramic coatings to reduce friction in engine parts.

Biomedical



Medical implants must be biocompatible and corrosion �resistant. Techniques highlighted in Volume 5 include:

•  Electroless deposition of titanium nitride on orthopedic screws.

•  Laser texturing to promote bone cell adhesion.

•  Coatings that release antibiotics or anti �inflammatory drugs.

Energy

From wind turbines to nuclear reactors, surface engineering enhances performance:

•  Coatings that resist sulfuric acid in offshore wind turbines.

•  Heat �shielding layers for nuclear reactor components.

•  Corrosion �resistant coatings for solar panel frames.

Emerging Trends in Surface Engineering

Nanocoatings

Nanostructured layers can dramatically improve hardness, reduce friction, or provide self �cleaning properties. The

handbook discusses:

•  Atomic layer deposition (ALD) for ultra �thin, conformal coatings.

•  Nanoparticle �enhanced paint systems.

•  Applications in micro �electromechanical systems (MEMS).

Additive Manufacturing Surface Finishes

3D �printed parts often suffer from rough surfaces and anisotropic properties. Volume 5 covers:

1.  Post �processing methods like laser polishing and chemical etching.

2.  Direct coating during printing to achieve near �net shape parts.

3.  Hybrid approaches combining additive manufacturing with traditional surface treatments.

Smart Coatings

Coatings that sense, respond, or self �repair are becoming mainstream. Topics include:

•  Electrochromic layers for adaptive optics.

•  Self �healing polymer composites that repair micro �cracks.

•  Coatings embedded with sensors for real �time corrosion monitoring.

Tools and Software for Surface Engineering Design

Modern surface engineering relies heavily on computational tools. Key software includes:

•  ANSYS Mechanical – for thermal and stress analysis of coated components.

•  COMSOL Multiphysics – for simulating electrochemical processes and heat transfer.

•  Coating Design Software – specialized tools for selecting coating materials based on service conditions.

•  Machine Learning Platforms – for predicting coating performance from large datasets.

Meet the ASM Shirt™ – Engineering Apparel for the Field

While the ASM Handbook provides the knowledge, the ASM Shirt™brings that expertise to the job site. Designed

by engineers for engineers, the ASM Shirt™ combines functionality with professional style:

•  Durable, breathable fabric. Ideal for high �temperature and corrosive environments.

•  Integrated safety features. Reinforced sleeves, reflective strips, and easy �access pockets for tools.



•  Branding that showcases expertise. The ASM logo and “Surface Engineering” tagline highlight your 

commitment to quality.

•  Available in multiple sizes and colors, ensuring comfort across diverse work settings.

Whether you’re inspecting a thermal spray coating in a factory or testing an anodized alloy in a lab, the ASM

Shirt™ keeps you protected and professional.

Accessing the ASM Handbook Volume 5

There are several ways to obtain the handbook, depending on your needs:

1.  Print Edition. Available through ASM International’s website and major scientific book retailers. Ideal for quick 

reference and offline use.

2.  Digital Edition. The PDF and ePub formats offer interactive search, bookmarking, and hyperlink navigation.

3.  ASM Library Subscription. Universities and research institutions often subscribe to the ASM Library, 

providing unlimited access to all volumes.

4.  Online Purchase. Direct downloads or cloud �based access can be purchased on a per �volume basis.

Choosing the right format depends on your workflow: print for field use, digital for research, or subscription for

continuous learning.

Complementary Resources for Surface Engineering Professionals

While Volume 5 is comprehensive, expanding your knowledge base can further enhance your expertise:

•  ASM Handbook Volume 1: Materials Science and Engineering. Provides foundational material properties.

•  ASM Handbook Volume 2: Mechanical Testing. Covers testing standards relevant to surface coatings.

•  ASM International Webinars. Free or paid sessions on the latest coating technologies.

•  Academic Journals such as Surface and Coatings Technology and Journal of Materials Processing 

Technology.

•  Industry standards from ASTM, ISO, and SAE related to surface finishes.

Conclusion
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