
Acrylic
Systems

Abrasive
Blades

Precision
Blades

Epoxy
Systems

Diamond
Grinding Discs

Polishing
Cloths

Compression
Mounting

Compounds

CarbiMet™

Silicon Carbide
Papers

Final Polishing
Suspensions

Coolants

Diamond Suspensions
& Pastes

A full range of abrasive cut-off blades, precision diamond wafering blades and coolant to 
optimize any sectioning process.Sectioning

Mounting

Grinding & Polishing

A wide variety of compression mounting compounds, epoxy systems, acrylic systems and 
other accessories to provide the ideal mounting solution for your application.

An extensive selection of grinding papers, diamond discs, polishing cloths and dia-
mond suspensions to provide consistent and repeatable preparation results.

Buehler is a premier
manufacturer of laboratory 
equipment and supplies for 
use in material analysis,
hardness testing and
imaging analysis.

Buehler’s consumables are 
used in laboratories and

quality control centers
around the world to deliver 

high quality, efficient and
consistent results

Visit www.buehler.com
to view our complete product line.

Strong Partner, Reliable Solutions



Hardness Testing

Full Lab, Solutions
& Services

Buehler’s Wilson Hardness test blocks set the standard for the industry and are made from 
the highest quality material to ensure the most uniform and repeatable block available. 
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Introduction
Many thousands of years ago ferrous materials were mainly found in 
naturally occurring forms, such as debris from meteorites. The first 
known working of iron was in c.1500 BCE by the Hittites (centered 
in what is now Turkey).  It took another 500 years before the process 
of early steel manufacture in simple furnaces was discovered, and 
that quenching could improve hardness.  This sparked the growth 
of steel and the end of the Bronze Age.

As late as the 1800’s, processing of steel was arduous. Bulk process-
ing was possible, mainly using the “cementation” process - heat-
ing bars of iron with charcoal for days on end, a process that was 
both inefficient and inconsistent.  In 1856 Bessemer developed his 
converter, closely followed by the Siemens Open Hearth process, 
allowing the removal of carbon and other elements from the iron 
and the true control of the elements in steel began. 

Today, there are several hundred varieties of steel with as many ap-
plications.  To meet modern demands, the chemistry and properties 
of the steel need to be tightly controlled. Metallographic processes 
and analysis techniques have needed to develop in line with these 
increasingly demanding applications.

This paper discusses sample preparation and analysis on a variety 
of today’s often used ferrous materials using the latest equipment 
and consumables. 
 

Background 
Heat Treatment of Ferrous Materials 
Sample preparation and analysis was established for process con-
trol, failure analysis and R&D. Highly stressed materials need to 
have the corresponding mechanical properties to ensure reliabil-
ity, flexibility, elasticity or durability depending on the application. 

Heat treatment is generally defined as the controlled heating and 
cooling of solid metal or alloys to obtain specific properties by chang-
ing the microstructure.  There are many different components to heat 
treatment, including normalizing, annealing, quenching, tempering 
and stress relieving.  These treatments can affect many properties 
simultaneously, but improving one can be detrimental to others.

In some cases components need to have varying properties in dif-
ferent areas and in these cases localized techniques can be used.   
For example, gear wheels need to be hard and wear-resistant at 
the surface, but maintain the ductility and toughness to endure 
high loads without breaking. Surface treatments to create this hard 
layer involve using heat and exposure to chemical elements such as 
carbon or nitrogen to modify the surface properties.  These include 

processes such as carburizing, nitriding and induction hardening.

Induction hardening uses a high frequency alternating current to 
rapidly heat the surface of the work piece. Quenching results in a 
martensitic structure being maintained in that area, which is sig-
nificantly harder than the core material. The depth of the hardened 
layer depends on the operating frequency used. 

Carburizing and nitriding involve heating the sample in an environ-
ment rich in the desired element, changing the chemistry at the 
surface, and as a result modifying the microstructure.  In these 
cases the hardening depth depends on time, temperature and the 
concentration of the required elements.  

Checking that surface treatments have been correctly performed 
is a vital quality control step.  Both hardness testing and optical 
examination of the microstructure are used.  Both of these require 
proper metallographic preparation to ensure accurate results.

Sample Preparation
Sectioning
The first step in the preparation of most samples for metallographic 
examination is the removal of a representative sample from a larger 
component.  It is important to ensure that the sample is not exposed 
to excessive heat or mechanical damage during sectioning.  Saws 
designed specifically for metallographic purposes should be used.  
The machine itself is usually selected on the basis of capacity and 
level of automation.  Specialist abrasive wheels are normally used, 
as they provide excellent cutting speeds with minimal damage.   

The selection of the correct abrasive wheel is critical to ensuring an 
undamaged specimen, as well as optimizing speed.  The abrasive 
type should be selected to suit the material being cut - alumina is 
most effective for ferrous materials.  In addition, the strength of the 
bond holding the abrasive in the wheel is very important.  Hard mate-
rials require a sharp abrasive in order to cut effectively. If the abrasive 
is held too strongly in the wheel, it will not wear and expose fresh 
particles.  This can lead to glazing of the wheel, extended cutting 
times and excessive heat or deformation in the part. Conversely, too 
soft a bond can lead to excessive wheel wear.  To simplify selection, 
Buehler provides a range of wheels from which the user can readily 
select.  If cutting components with a variable properties, such as 
surface treated steels, a wheel suited to the hardest material pres-
ent should be selected. Table 1 shows recommended wheels for 
different ferrous materials and corresponding parameters for the 
AbrasiMatic™ 300 using 12in [305mm] abrasive wheels.
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REPLICATING MEDIA by Dr. E. MOGIRE

Replicating media is used for non-destructive investi-
gation of engineering components and materials. The 
media is a two-part system that solidifies upon contact 
and reproduces the details of the surface on which it 
is applied with very high precision. The media finds 
application in metallurgical/materiolographic inspec-
tions, failure and forensic investigations and metrology 
among others.

Buehler replicating media has unique features, it is 
suited to different areas of applications where;
- High micron accuracy is a requirement such as in 
microstructural analysis of engineering components 
looking at damage assessments caused by creep 
deformation, micro- and macro-crack formation, 
fatigue failures in mating surfaces such as on gears 
and bolts

- Good dimensional stability of the replica is necessary 
allowing easy inspection and measurement of inter-
nal and external surfaces of complex objects, such as 
grooves, notches, fasteners and gear teeth. 
- No shrinkage during polymerization guarantees no 
volume loss during application ensuring good dimen-
sional stability

- Tribology and surface roughness assessment are 
carried out to determine the wear characteristics of 
mating surfaces as well as general visual inspection of 
tooling surfaces as shown below

- Good resistance to chemical, mechanical and heat 
exposure to a maximum of 120°C with the ability to 
retain shape after exposure

- Details of tool marks, imprint evidence and tyre 
marks are required to be replicated for further macro-
scopical comparison with known tools used in criminal 
activities

Figure 1.1 Two part silicone replication media  and dispensing gun

Figure 1.2 above illustrates how the media is applied on a polished and etched surface. 
(A) Shows the actual microstructure and (B) the extracted replica, fine submicron details 
are easily discernible

Figure 1.3 illustrates (a) stamping tool (b), the analysed replica surface and (c) inverse 
image of the depth profile of the observed surface features. 
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