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Metallography serves as the fundamental bridge between the processing of materials and their resulting 

mechanical properties. Within the discipline of materials science, the ASM Handbook Volume 9: Metallography 

and Microstructures, edited by the renowned George F. Vander Voort, stands as the most authoritative and

comprehensive reference available to engineers, researchers, and quality control professionals. This article

provides an in-depth technical exploration of the core methodologies, theoretical frameworks, and practical

applications detailed within this seminal work.

The Critical Role of Metallographic Analysis in Engineering

In industrial manufacturing and product design, the internal structure of a metallic component determines its 

ultimate performance. Factors such as grain size, phase distribution, inclusions, and porosity directly influence 

tensile strength, ductility, fatigue resistance, and corrosion behavior. Metallography is the science of revealing these 

features through systematic specimen preparation and microscopic examination. As highlighted in ASM Handbook 

Volume 9, the discipline is not merely a laboratory procedure but a diagnostic tool essential for failure analysis and

production quality monitoring.

The Hierarchy of Microstructural Features

To understand metallography, one must categorize the features observed at different scales:

•  Macroscopic Features: Visible to the naked eye or at low magnification (&lt;10x). These include flow lines in 

forgings, solidification structures in ingots, and gross defects like shrinkage cavities.

•  Microscopic Features: Observed via optical microscopy (up to 1000x) or electron microscopy. These include 

individual grains, precipitates, pearlite colonies in steel, and intermetallic phases in aluminum alloys.

•  Sub-microscopic Features: Requiring Scanning Electron Microscopy (SEM) or Transmission Electron 

Microscopy (TEM), focusing on dislocations, lattice defects, and nanometer-scale precipitates.

Core Methodologies: The Specimen Preparation Workflow

The integrity of a metallographic interpretation is entirely dependent on the quality of the specimen preparation. 

The objective is to produce a deformation-free, flat, and mirror-like surfacethat accurately represents the bulk

material. ASM Handbook Volume 9 outlines a rigorous five-step process that must be followed with precision.

1. Sectioning and Sampling

Sectioning is the removal of a representative sample from a larger component. It is critical to avoid introducing 

thermal or mechanical damage during this stage. Abrasive cutting using silicon carbide or aluminum oxide wheels 

is standard, but for delicate materials, precision diamond wafering sawsare used. The choice of coolant is vital

to prevent metallurgical changes (such as tempering in hardened steels) caused by frictional heat.

2. Mounting Procedures

Mounting provides a safe way to handle small or oddly shaped specimens and protects fragile edges during

grinding. There are two primary categories:



•  Hot Compression Mounting: Uses thermosetting resins (like phenolic or epoxy) or thermoplastics. This 

requires heat and pressure, making it unsuitable for low-melting-point alloys or heat-sensitive microstructures.

•  Cold Mounting: Uses epoxies, acrylics, or polyesters that cure at room temperature. This is preferred for 

electronic components or materials prone to thermal degradation.

3. Grinding: Establishing Planarity

Grinding utilizes fixed abrasives to remove the damage layer from sectioning and create a flat surface. This typically 

involves a series of Silicon Carbide (SiC) papers of increasing fineness (e.g., 240, 320, 400, 600, 800, and 1200 

grit). ASM guidelines emphasize the importance of rotational orientation; rotating the specimen 90 degrees

between each grit ensures that the previous scratches are completely removed.

4. Polishing: Achieving the Mirror Finish

Polishing is a multi-stage process using free-falling abrasives on a cloth-covered platen. The two main stages are:

•  Rough Polishing: Typically uses 6-micron or 3-micron diamond suspensions on low-nap cloths to remove the 

final grinding scratches.

•  Final Polishing: Employs 1-micron diamond or sub-micron (0.05 micron) Colloidal Silica or Alumina. Colloidal 

silica is particularly effective as it provides a combined mechanical-chemical action, which is essential for removing 

the amorphous "Beilby layer" of deformed metal.

5. Etching: Revealing the Microstructure

Etching is the controlled corrosion of the polished surface to reveal features that are otherwise invisible in the 

unetched state. Different phases react at different rates to chemical reagents, creating topographical or color 

contrast. Common etchants include Nital (nitric acid and ethanol) for carbon steels and Kroll's Reagentfor

titanium alloys.

Technical Comparison: Abrasives and Mounting Media

Selecting the correct consumables is vital for reproducibility. The following table compares common materials used

in metallographic preparation as per ASM standards.



Material Type Primary Application Key Advantages Limitations

Silicon Carbide (SiC) Grinding of ferrous and 
non-ferrous alloys.

High removal rate, 
inexpensive.

Abrasive particles can 
become embedded in soft 
alloys.

Diamond Suspension Rough and fine polishing. Extreme hardness, 
maintains edge retention.

Higher cost per gram.

Colloidal Silica Final polishing of stainless 
steel and aluminum.

Produces deformation-free 
surfaces via chemical-
mechanical action.

Can crystallize on the cloth 
if not rinsed properly.

Phenolic Resin (Bakelite) General-purpose hot 
mounting.

Low cost, high hardness. Requires high temperature 
and pressure.

Epoxy Resin Cold mounting of porous 
materials.

Excellent adhesion, low 
shrinkage.

Longer curing times (up to 
24 hours).

Advanced Concept: Color Metallography and Tint Etching

One of the most significant contributions of George F. Vander Voort to ASM Handbook Volume 9 is the extensive 

documentation of Color Metallography. Traditional etchants produce a black-and-white image based on light 

scattering from grain boundaries. However, tint etchants(also known as color etchants) form a thin interference

film on the specimen surface.

Mechanics of Interference Film Growth

The thickness of the film depends on the crystallographic orientation and chemical composition of the underlying 

phases. When viewed under cross-polarized light, these films produce vivid colors. The mathematical principle 

behind this is Bragg's Law of Interference, where the color observed ($C$) is a function of the film thickness

($d$) and the refractive index ($n$):

$\\lambda = 2nd \\cos(\\theta)$

Where $\\lambda$ is the wavelength of light. This technique is invaluable for identifying phases that look identical

under standard brightfield illumination, such as distinguishing between ferrite and sigma phase in duplex stainless

steels or identifying different carbides in tool steels.

Metallography of Specific Material Systems

1. Steels and Ferrous Alloys

ASM Volume 9 provides detailed microstructural atlases for steels. Key features analyzed include:

•  Pearlite: A lamellar aggregate of ferrite and cementite. The spacing of the lamellae determines the hardness.

•  Martensite: A non-equilibrium phase formed by rapid quenching, appearing as needle-like (acicular) or lath 

structures.

•  Austenitic Grain Size: Critical for determining the toughness and hardenability of the steel.

2. Aluminum Alloys (Focus on 6061)

As noted in technical papers referencing Volume 9, the 6061 aluminum alloyis a primary subject of sintering and

microhardness studies. Metallography is used to evaluate:



•  Porosity Levels: Quantitative analysis of voids following powder metallurgy processing.

•  Intermetallic Particles: Identification of Fe-rich or Si-rich particles that can act as crack initiation sites.

•  Grain Growth: Monitoring the effect of furnace-controlled cooling on the recrystallized grain size.

Quantitative Metallography and Stereology

Modern metallography has transitioned from qualitative "look-and-see" methods to Quantitative Metallography,

also known as stereology. This involves the mathematical measurement of 3D structures from 2D sections. Key

metrics include:

Grain Size Measurement (ASTM E112)

The most common method is the Intercept Method. A line of known length ($L$) is drawn on the micrograph, and

the number of intersections with grain boundaries ($P$) is counted. The mean linear intercept ($\\bar{l}$) is

calculated as:

$\\bar{l} = \\frac{L}{P \\cdot M}$

Where $M$ is the magnification. This value is then converted into a G-number (ASTM Grain Size Number), where

a higher number indicates a finer grain structure.

Volume Fraction Analysis

The volume fraction ($V_f$) of a phase (e.g., porosity or precipitates) is statistically equal to the area fraction

($A_f$) measured on a cross-section. This is critical for assessing the quality of sintered parts or the density of

composite materials.

Practical Implementation: A Field Guide for Engineers

To implement the standards found in ASM Handbook Volume 9, laboratories should adopt a standardized

operational procedure (SOP):

1.  Documentation: Every sample must be logged with its material grade, heat treatment history, and orientation 

(e.g., longitudinal vs. transverse).

2.  Equipment Calibration: Optical microscopes must be calibrated using a stage micrometer to ensure accurate 

measurements.

3.  Hardness Integration: Metallography should be paired with Microhardness Testing (Vickers or Knoop). 

Measuring the hardness of individual phases or decarburized layers provides a functional check of the 

microstructural observations.

4.  Digital Image Analysis: Use software to automate the counting of inclusions or the measurement of phase 

percentages to reduce human bias.

Case Study: Troubleshooting Common Metallographic Artifacts

Failure to follow ASM protocols results in "artifacts"—features in the image that are not actually in the material. The

following table details common errors and solutions.



Artifact Observed Root Cause Corrective Action

Comet Tails Inclusions or pores being dragged 
during directional polishing.

Use hard, napless cloths and rotate 
the sample more frequently.

Edge Rounding Excessive polishing time on soft 
cloths.

Use hard mounting resins and metal-
bonded grinding disks.

Relief Harder phases standing in relief 
above softer phases.

Reduce final polishing time; use low-
nap cloths.

Staining Etchant trapped in pores or between 
sample and mount.

Ultrasonic cleaning between stages; 
ensure the mount is perfectly sealed.

Conclusion: The Future of Microstructural Characterization

As materials science evolves into the realms of additive manufacturing and nanostructured alloys, the principles 

established in ASM Handbook Volume 9: Metallography and Microstructuresremain as relevant as ever. While

advanced tools like Electron Backscatter Diffraction (EBSD) and 3D Tomography provide deeper insights, the

foundational techniques of grinding, polishing, and optical microscopy are the prerequisites for any advanced

analysis. By adhering to the rigorous standards of color metallography, quantitative stereology, and systematic

specimen preparation, engineers can ensure that their material characterizations are both accurate and

reproducible, leading to safer and more efficient engineering solutions. The legacy of George F. Vander Voort and

the ASM International community continues to guide the industry, ensuring that the "inner world" of metals is

revealed with clarity and precision.
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