
What is Metallography.?

• Metallography
It is a branch of  materials science which relates to the 
constitution and structure, and their relation to the 
properties, of metals and alloys.

• METALLOGRAPHY is the scientific discipline of examining and 
determining the constitution and the underlying structure of 
(or spatial relationships between) the constituents in metals, 
alloys and materials (sometimes called materialography).

• METALLOGRAPHY (or MATERIALOGRAPHY) is the 
characterization of structure of alloys (or materials) with optic 
microscope (mostly).





What is the function of a metallographer.?



• Every metallographer should know and understand how the 
various microstructures in  alloys originate. 

• This is because a key part of a metallographer’s job is to interpret 
what he or she sees under the microscope and to make sound 
judgments and recommendations based on these observations. A 
metallograhper is not just an “metal polisher,”  as perceived by 
many people outside the profession. 

• An effective metallographer needs to have a basic understanding 
of  the fundamentals of ferrous  and non-ferrous physical 
metallurgy. The basic tenet of ferrous  and non-ferrous  physical 
metallurgy is that the properties of  alloys ( for examples, steels 
and cast irons) are controlled by both microstructure and 
chemical composition. It is the metallographer’s job to  determine 
and characterize the microstructure, and it is the chemist’s job to 
determine the composition. 



• This  course discusses, in an introductory way, some of the 
basic ferrous and non-ferrous physical metallurgy principles 
that are needed by the  metallographer. 

• The discussion focuses on the numerous microstructures that 
are generated as a result of the phase  transformations that 
occur during both heat treatment (as in steels and Al, Cu, Zn 
wrought alloys) and solidification (as in cast irons and Al, Cu, 
Zn cast alloys). 

• Next chapters show how numerous factors can influence 
microstructural development and how one can alter 
microstructure to attain desired properties.



Who is the founder of Metallography.?
( from the University of Sheffield, England, UK)

Henry Clifton Sorby (1826–1908), geologist, petrographer,
mineralogist, and founder of metallography. (and materials science)





Macrograph of the Elbogen iron meteorite prepared in 1808 by 

Widmanstätten and Schreibers using heavy etching in nitric acid. After 

rinsing in water and drying, printer's ink was rolled on the etched surface, and 

the sample was pressed onto a piece of paper.



Jose Ramon Vilella (1897–1971), distinguished metallographer who 
understood the need to faithfully prepare representative surfaces in 

metallographic examinations.



George F. Vander Voort





Properties of Materials 
(9 different catagories)

• Electrical (electrical conductivity, dielectric constant…)

• Optical (index of refraction..)

• Magnetic  (magnetic permeability..)

• Mechnanical (elastic modulus, strength, hardness..)

• Thermal (Heat capacity, thermal conductivity..)

• Corrosion (or Chemical or deteriorative) ( …)

• Nuclear

• Physical 

• Fabrication properties



Physical and Optical Properties

• Crystal structure
• Atomic weight
• Density
• Melting point
• Boiling point
• Vapor pressure
• Viscosity
• Porosity
• Permeability
• Reflectivity
• Transparency
• Optical properties
• Dimensional stability



Electrical properties

• Conductivity

• Resistivity

• Dielectric constant

• Superconducting temperature



Magnetic properties

• Magnetic susceptibility

• Magnetic permeability

• Coercive force

• Saturation magnetization

• Transformation (Curie) temperature

• Magnetostriction



Nuclear properties

• Half-life

• Stability



Mechanical properties

• Hardness

• Modulus of elasticity

• Compression

• Poisson's ratio

• Stress-strain curve

• Yield strength

• Compression

• Ultimate strength

• Tension

• Shear

• Bearing

• Fatigue properties

• Smooth

• Notched

• Corrosion fatigue

• Rolling contact

• Fretting

• Charpy transition temperature

• Fracture toughness (KIc)

• High-temperature behavior

Creep
Stress rupture
Damping properties
Wear properties
Galling
Abrasion
Erosion
Cavitation
Spalling
Ballistic impact



Thermal properties

• Conductivity

• Specific heat

• Coefficient of thermal expansion

• Latent heat of fusion

• Emissivity

• Absorptivity

• Fire resistance



Chemical properties

• Position in electromotive series
• Galvanic corrosion
• Corrosion and degradation
• Atmospheric
• Fresh water
• Salt water
• Acids
• Hot gases
• Ultraviolet
• Oxidation
• Thermal stability
• Biological stability
• Stress corrosion
• Hydrogen embrittlement



Fabrication properties

• Castability

• Heat treatability

• Hardenability

• Formability

• Machinability

• Weldability



Comparison of some properties



Comparison of some properties



Comparison of some properties



Comparison of some properties



Comparison of some properties





Engineering design as a part of the product realization process



The nine classes of manufacturing processes. The first row contains the 
primary forming (shaping) processes. The processes in the lower vertical 

column are the secondary forming and finishing processes.



The role played by material properties in the selection of materials













What is Microstructure.?

• What is Microstructure.?
The structure of a suitable prepared specimen 
as revealed by a microscope.

• 1. Microstructure

• 2. Macrostructure

















What is Microstructure.?

• What is Microstructure.?
The structure of a suitable prepared specimen 
as revealed by a microscope.

• 1. Microstructure

• 2. Macrostructure

• In order to investigate structure we should 
preparate samples

• How.?



• Introduction
Sectioning
Cutting the Sample
Abrasive Cutting
Sawing
Fracturing
Mounting of Specimens
Cold Sample Mounting
Hot Sample Mounting
Grinding
Coarse Grinding
Fine Grinding
Preliminary Polishing
Polishing
Final Polishing
Mechanical Polishing
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• Etching
Electrolytic Polishing
Plasma Etching
Sample Cleaning
Specimen Storage
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Sample Preparation 
Introduction 

Preparation of metallographic specimens generally requires 
five major operations: 

1. Sectioning
2. Mounting (which is optional)
3. Grinding
4. Polishing
5. Etching



A well-prepared metallographic specimen is:

• Represent sample.

• Sectioned, ground and polished so as to minimize 
disturbed or flowed surface metal caused by 
mechanical deformation, and thus to allow the true 
microstructure to be revealed by etching.

• Free from polishing scratches and pits and liquid 
staining.

• Polished so that inclusions are preserved intact.

• Flat enough to permit examination at high 
magnifacation.



Sectioning 

• Many metallographic specimens are used for 
process control. Separate test pieces or 
coupons attached to castings or forgings 
should be designed so that a minimum of 
sectioning is required for producing 
metallographic specimens.



Sectioning 

• Important uses of metallography other then 
process control include: examination of 
defects that appear in finished or partly 
finished products and studies of parts that 
have failed in service. Investigations for these 
purposes usually require that the specimen be 
broken from a large mass of material, and 
often involve more than one sectioning 
operation



Sectioning 

• Many metallographic studies require more than one 
specimen. 

• For example a study of deformation in wrought metals 
usually requires two sections - one perpendicular to, 
and the other parallel to, the major axis of direction of 
deformation. 

• Failed parts may best be studied by selecting a 
specimen that intersects the origin of the failure, if the 
origin can be identified on the surface. Depending on 
the type of failure, it may be necessary to take several 
specimes from that area of the failure and from 
adjacent areas.
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Cutting the Sample

• The first thing to remember when cutting 

samples, is to preserve the sample axes 

orientation. Cut the sample in such a manner 

that important sample directions, like the Rolling 

Direction, Transverse Direction and Sample 

Normal are not lost. 

• The second thing to remember that the cutting 

process must not damage or change the sample 
as this would lead to erroneous results



Cutting the Sample







Cutting the Sample

• Avoid aggressive cutting methods that generate 
heat or cause deformation at the cut surface. 
Severe damage induced at this stage may 
extend so deep into the material that it is not 
removed by subsequent grinding and polishing. 

• Heating caused during cutting may cause 
changes to the microstructure - phase 
transformations or precipitation/diffusions 
mechanisms may become active. Therefore 
heating must be avoided at all costs.



Cutting the Sample

• Abrasive cutters are common in the metallurgical 
industry and are suited to cutting larger sections 
of material. 

• Often the sample is subjected to considerable 
force and heating, although if used with care, 
good cuts can be performed with minimal 
damage. Heating is the main problem, and using 
excessive force with an inappropriate wheel can 
cause a sample to locally glow red with heat. 



Cutting the Sample
• Manufacturers of cutting equipment and cut-off 

wheels publish tables and diagrams to help to 
make the choice of wheel easier. The 
importance of observing the manufacturer's 
recommendations cannot be over-stressed. If 
over-heating of the sample occurs, it is usually 
due to using a wheel that is too 'hard' for the 
material being cut. The wheel does not wear 
properly which causes the abrasive to become 
blunt.

• Another possibility is that the abrasive becomes 
clogged. Friction then causes excessive heating 
and damage to the sample. Heating often results 
in altered surface structures, which subsequent 
grinding and polishing do not remove.



Cutting the Sample

• The selection of abrasive wheel is 

therefore important to avoid introducing 

unnecessary levels of damage when 

cutting materials. 



Precision, Low Deformation 

Cutting Machines

• There are many examples of cutters on 

the market designed for precision and low 

damage cutting. Such machines normally 

employ boron nitride and diamond type 

cutting wheels, although other types may 

be available, depending on the machine.
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Abrasive-Wheel Cutting

• By far the most widely used sectioning devices in 
metallographic laboratories are abrasive cutoff 
machines. They range from small, thin-sectioning 
machines employing abrasive or diamond-rimmed 
wheels approximately 4 in. in diameter and a few mils 
thick to large floor-model machines employing 
abrasive or diamond-rimmed wheels up to 12 in. in 
diameter and 1/16 in. thick. 

• An advanced design of automatic cutoff machine for 
laboratory use employs abrasive wheels 6 to 12 in. in 
diameter



Abrasive-Wheel Cutting



Abrasive-Wheel Cutting

• Abrasive-wheel cutting may produce deformation 
damage to a depth as great as 0.04 in. Deformation 
damage can be minimized by using thin cutoff wheels. 

• A hard wheel is usually best for cutting soft stocks, 
whereas a soft wheel is preferred for cutting hard 
materials. 

• A good general purpose cutoff wheel is a medium-hard 
silicon carbide abrasive wheel.



Abrasive-Wheel Cutting
• All abrasive-wheel sectioning should be done 

wet. 

• An ample flow of water or water soluble oil 
coolant should be directed onto cut. Some 
laboratory cutoff machines provide for 
submerged wet cutting. 

• Wet cutting will produce a smooth surface 
finish and, most important, will guard against 
excessive surface damage cused by 
overheating.



Abrasive Blade Selection 

Guidelines Chart



Diamond Wafer Blade Selection 

Guidelines



Typical low-speed diamond saw





Sketch showing depth of grinding scratches below the surface of a specimen



Depth of deformation in different 
metals due to cutting method.
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Sawing

• Sawing is perhaps the oldest method of 
sectioning in the metallographic laboratory. 
The method is still used today as manual 
hacksawing, power hacksawing, or band 
haksawing. 

• Surface damage with sawing is primarily 
mechanical deformation; usually relatively 
little damage results from frictional heat. 



Sawing

• Saw blades are generally made of hardened 
steel and are used to cut only materials softer 
than saw blade. Oil or water-soluble oil should 
be used as a cutting fluid to avoid premature 
wear of the saw teeth, as well as to minimize 
frictional heat, which may soften the saw 
teeth or alter the microstructure of the 
specimen below the cut surface.
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Fracturing

• Fracture surfaces may be obtained by 
breaking specimen with blows of a hammer or 
steady application of pressure. Controlled 
fractures may be produced by impact testing 
or tension testing, and the location of the 
fracture may be controlled by nicking or 
notching the material.
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Mounting of Specimens

• Mount Size and Shape

• Mounting Methods

• 1. Clamp Mounting

• 2. Compression (Hot) Mounting

• 3. Cold Mounting

• 4. Conductive Mounting
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Mounting of Specimens
• The primary purpose of mounting specimens is for 

convenience in handling specimens of difficult 
shapes or sizes during the subsequent steps of 
preparation and examination. 

• A secondary purpose is to protect and preserve 
extreme edges or surfaces defects during 
preparation. 

• Specimens also may require mounting to 
accommodate various types of automatic devices 
used in laboratories or to facilitate placement on 
the microscope stage.



Mounting of Specimens

• An added benefit of mounting is the ease with 
which a mounted specimen can be identified 
by name, alloy number, or laboratory code 
number for storage by scribing the surface of 
the mount without damage to the specimen.



Mounting of Specimens

• Small specimens generally require mounting so that the 
specimen is supported in a stable medium for grinding 
and polishing. The medium chosen can be either a cold 
curing resin or a hot mounting compound.

• Characteristics of the mounting material include:

• Good abrasion characteristics and sufficient hardness 
such that the edges of the sample are protected, i.e., the 
rate at which abrasion takes place should be even 
across the face of the mount and the specimen.



Mounting of Specimens

• Stable and adherent to sample. 

• This is important. If the mounting material has poor 
adhesion or high shrinkage, gaps may open up between 
the mounting material and the sample surface. 

• When this happens, it is very difficult to prevent cross-
contamination of one abrasive to another, causing heavy 
scratching in the finished section. 

• Also any friable surface layers (oxide layers etc.) should 
be held adhered to the surface and not pulled off. 



Mounting of Specimens

• Proper curing - insufficient time and temperature can 
lead to partially cured specimen mounts. Under these 
conditions the properties of the mounting material are 
not properly developed and the material may be loose 
and powdery. 

• Generally, if the material is improperly cured, the 
hardness and abrasion characteristics are poor and the 
material is adversely affected by etches and solvents. 

• Further, the characteristics under vacuum are very poor 
with out-gassing a major problem. If the mounting stage 
is suspected to be at fault, it is best to break the sample 
out and start again. 



Mounting of Specimens

• Stable in vacuum - no out-gassing or vapour to cause 
contamination. This is particularly important for high 
magnification work, long map acquisition times and 
microscopes with high vacuum requirement.



Mounting of Specimens

• The mounting operation accomplishes three important 
functions 

• (1) it protects the specimen edge and maintains the 
integrity of a materials surface features 

• (2) fills voids in porous materials and 

• (3) improves handling of irregular shaped samples, 
especially for automated specimen preparation. 

• without damage to the specimen.



Mounting of Specimens

• The majority of metallographic specimen mounting is 

done by encapsulating the specimen into a compression 

mounting compound (thermosets - phenolics, epoxies, 

diallyl phthalates or thermoplastics - acrylics), casting 

into ambient castable mounting resins (acrylic resins, 

epoxy resins, and polyester resins), and gluing with a 

thermoplastic glues. 

•

An added benefit of mounting is the ease with which a 

mounted specimen can be identified by name, alloy 

number, or laboratory code number for storage by 
scribing the surface of the mount



Mounting of Specimens
Mount Size and Shape

• As the size of the specimen increases, so does the 
difficulty of keeping the specimen surface area flat 
during grinding and polishing. A saving in the time 
required for the preparation of one large 
metallographic specimen may be realized by 
sectioning the specimen into two or more smaller 
specimens. A specimen having an area of 
approximately 1/4 sq in. is perhaps the most suitable; 
the maximum area should be limited to about 4 sq in. 
if possible. 



Mounting of Specimens
Mount Size and Shape

• Thickness of the mount should be sufficient to 
enable the operator to hold the mount firmly 
during grinding and polishing and thereby to 
pervent a rocking motion and to maintain a 
flat surface. Circular mounts are commonly 1 
to 2 in. in diameter and are the most easily 
handled. The length-to-width ratio of 
rectangular mounts should be limited to 
approximately 2 to 1 to facilitate handling.



Mounting of Specimens
Mounting Methods

• The method of mounting should in no way be injurious 
the microstructure of the specimen. Mechanical 
deformation and the heat are the most likely sources 
of injurious effects. The mounting medium and the the 
specimen should be compatible with respect to 
hardness and abrasion resistance. A great difference in 
hardness or abrasion resistance between mounting 
media and specimen promotes differential polishing 
characteristics, relief, and poor edge preservation. The 
mounting medium should be chemically resistant to 
the polishing and etching solutions required for the 
development of the microstructure of the specimen.



Mounting of Specimens
Clamp Mounting

• Clamps are used most often for mounting thin sheets 
of metal when preparing metallographic cross 
sections. Several specimens can be clamped 
conveniently in sandwich form. The two clamp plates 
are frequently made from 1/4 in. thick steel; in 
general, the hardness of the clamp should be 
approximate or exceed the hardness of the 
specimen. The clamp plates are cut longer and wider 
than specimens to be clamped. 



Mounting of Specimens
Clamp Mounting

• Then two holes are drilled and tapped in the 
face of one clamp plate outboard of the 
specimen area; corresponding holes are 
drilled in the other clamp plate. Machine bolts 
are inserted through these latter holes and 
into the tapped holes; the clamp plates with 
the specimen or specimens are drawn tightly 
up means of these bolts. 



Mounting of Specimens
Clamp Mounting

• Sometimes, a third bolt positioned near the top 
of the clamp midway between the ends is useful 
for maintaining a uniform vertical separation 
between the clamp plates.

• Clamp mounting affords a means of rapid 
mounting, and of very good edge preservation by 
virtue of the initimate contact between 
specimens. On the other hand, hairline 
separations between specimens occour 
frequently and entrap abrasive particles or liquid 
solutions during preparation. 



Mounting of Specimens
Clamp Mounting

• Sometimes, the particle and liquids can be 
removed by soaking the mount in alcohol an then 
thoroughly drying it. If this cannot be done, the 
liquid eventually seeps out and stains the 
polished surface, and often obscures the true 
microstructure after etching. One solution to this 
difficulty is the insertion of one thickness of 
transparent plastic wrapping film at each 
interface. (The plastic must be one that is inert to 
alcohol and etchants). 



Mounting of Specimens
Clamp Mounting

• Under clamping pressure, the plastic flows 
readily and seals all hair-line separations. 
Since the film is only a fraction of a mil thick, 
specimen edges are preserved by adjoining 
specimens or clmap edges. Alternatively, soft, 
thin sheets of metal of the same type as that 
be examined can be used instead of the plastic 
film, or the mount can be vacuum 
impregnated



Mounting of Specimens
Clamp Mounting



Mounting of Specimens
Compression (Hot) Mounting

• Compression mounting, the most common mounting 
method, involves molding around the specimen by 
heat and pressure such molding materials as bakelite,
diallyl phthalate resins, and acrylic resins. Bakelite and 
diallylic resins are thermosetting, and acrlyic resins are 
thermoplastic. Both thermosetting and thermoplastic 
materials require heat and pressure during the molding 
cycle, but after curing, mounts made of thermosetting 
materials may be ejected from the mold at maximum 
temperature. Thermoplastic materials remain molten 
at the maximum molding temperature and must cool 
under pressure before ejection.



Mounting of Specimens
Compression Mounting

• Mounting presses equipped with molding tools 
and a heater are necessary for compression 
mounting. Readily available molding tools for 
mounts having diameters of 1, 1 1/4 and 1 1/2 in. 
consist of a holow cylinder of hardened steel, a 
base plug, and a plunger. A specimen to be 
mounted is placed on the base plug, which is 
inserted in one end of the cylinder. The cylinder is 
nearly filled with molding material in powder 
form, and the plunger is inserted into open end 
of the cylinder. 



Mounting of Specimens
Compression Mounting

• A cylindrical heater is placed around the mold 
assembly, which has been positioned between 
the platens of the mounting press. After the 
prescribed pressure has been exerted and 
maintained on the plunger to compress the 
molding material until it and the mold 
assembly have been heated to the proper 
temperature, the finished mount may be 
ejected from the mould by forcing the plunger 
entirely through the mold cylinder.



Mounting of Specimens
Compression Mounting

• Not all materials or specimens can be 
mounted in termosetting or thermoplastic 
mounting mediums. The heating cycle may 
cause changes in the microstructure, or the 
pressure may cause delicate specimens to 
collapse or deform. The size of selected 
specimen may be to large to be accepted by 
the availaible mold sizes. These difficulties are 
usually overcome by cold mounting.



Mounting of Specimens
Compression Mounting

• For metals, compression mounting is 

widely used. Phenolics are popular 

because they are low cost, whereas the 

diallyl phthalates and epoxy resins find 

applications where edge retention and 

harder mounts are required. The acrylic 

compression mounting compounds are 

used because they have excellent clarity.



Mounting of Specimens
Compression Mounting



Mounting of Specimens
Compression Mounting



Mounting of Specimens
Cold Mounting

• Cold mounting requires no pressure and little 
heat, and is a means of mounting large numbers 
of specimes more rapidly than by compression 
mounting.

• Materials for cold mounting are classified as 
polyesters, epoxides and acrylics. Polyesters are 
transparent and usually water clear; epoxides are 
almost transparent and straw color; acrylics are 
opaque..



Mounting of Specimens
Cold Mounting

• Cold mounting materials of all three 
classifications are two component systems that 
consist of resin and a hardener; both the resin 
and the hardener can be liquid, both can be 
solids, or one can be liquid and the other a solid. 
Mixing of the resin and the hardener produces 
exothermic polymerization, and therefore this 
operation is crytical in producing a satisfactory 
cure and limiting the temperature to a 
permissible level. The temperature rise may 
reduced at the expense of longer curing time



Mounting of Specimens
Cold Mounting

• Cold mounting is a casting method, because each 
of the three classifications of cold mounting 
materials is liquid after the resin and hardener 
are mixed (two-solid systems are melted before 
mixing). The casting molds can be of any size or 
shape desired. For round molds, either bakelite 
ring forms, or ring sections cut from plastic or 
metal tubes or pipes are suitable. 



Mounting of Specimens
Cold Mounting

• The mold material may become part of the mount in 
the form of an outher shell, or mold release agents 
may be used to permit the mount the mount to be 
ejected from the mold. Rectangular molds are formed 
readily by wrapping heavy-duty aluminium foil around 
wood blocks of the desired size. The aluminium foil can 
be removed from the mount by peeling it away, 
grinding it off, or using a mold release agent. Molds 
any size or shape can be prepared from silicone rubber 
materials. The flexibility of silicone rubber molds allows 
cured cold mounts to be removed easily.



Mounting of Specimens
Cold Mounting

• Epoxy resins are the most widely used cold 
mounting materials. The are hard and adhere 
tenaciosly to most metalurgical, mineral and 
ceramic specimen. They also exhibit lower 
volume shinkage then either polyesters or 
acrylics and are very useful for impregating 
porous structures or cracks by vacuum method. 
Epoxy resin mounts may be cured in a low-
temperature or placed in a low temperature oven 
for fast curing, depending on the mixture ratio of 
resin to hardener.



Mounting of Specimens
Cold Mounting

• Polyester resins have greater volume shrinkage the 
epoxies. They provide water-clear or slightly colored 
transparent mounts, which strip readily from glass 
casting surfaces and metal molds.

• Acrylic materials are fast curing, and the mixing and 
casting process for the acrylics is quick and simple. The 
fast curing rate results from the relatively high rate 
heat evolution during exothermic ploymerization, but 
some control of the exothermal temperature rise can 
be accomplished by varying the sizes of the specimen 
and the mount. Stripping acrylic mounts from metal od 
glass molds is not difficult.



Mounting of Specimens
Cold Mounting

• Castable mouting resins are commonly used for 

electronic and ceramic materials. Castable 

mounting resins are recommended for brittle and 

porous materials. These mounting compounds 

are typically two component systems (1-resin 

and 1-hardener). Typical curing times range from 

minutes to hours with the faster curing resins 

producing higher exothermic temperature which 

causes the mounting material to shrink away 

from the edge during curing. 



Mounting of Specimens
Cold Mounting

• For example, the Acrylic Cold Mounting Resins 
cure in less than 10 minutes and Epoxy 
Castable Resins cure in approximately 4-6 
hours. Note that the Epoxy Castable Resin 
curing cycle can be enhanced by adding an 
external energy source such as heat or 
microwave energy. It is recommended that the 
room temperature be less than 85° F to avoid 
overheating and uncontrollable curing of the 
mounting compound.



Mounting of Specimens
Cold Mounting



Mounting of Specimens
Conductive Mounting

• For specimens requiring metallographic 
preparation by electrolytic techniques, an 
electrically conductive mount affords a convinient 
means of completing the electrical circuit through 
the specimen; merely an electrical contact with 
the mount, rather than with specimen, is 
required. Most conductive mounting materials 
are mixtures of a metal, usually copper or iron 
powder, and thermosetting or thermoplastic 
molding materials. 



Technique for making a mount with a conducting plastic (large 
dots) at the back of the specimen and a different plastic 

(small dots) at the section surface.



Mounting of Specimens
Conductive Mounting

• During compression mounting the metal powder 
particles are compacted sufficiently to provide 
electrical countinuity throughout the mount. An 
equally convenient method is to attach a copper 
wire to the back of the specimen and to formit an 
a helix to stand upright in the mounting press 
mold with its top in contact with the center of 
plunger. After ejection of the mount the free end 
of the helix may be dug out of the mount for 
electrical connection.



Cold Sample Mounting

• A wide range of products are available on the 
market. Generally faster setting products 
including acrylic resin types are less favorable, 
as these tend to develop low hardness and often 
suffer from 'shrinkage'. Shrinkage is the term 
given when the resin shrinks away from the 
sample surface during curing. This is 
undesirable as the gap which forms harbors 
contaminants, grit from grinding and polishing 
stages to cause cross contamination of polishing 
surfaces. It is difficult to obtain a good polished, 
scratch free surface when gaps in the mounting 
material are present.



Cold Sample Mounting

• Epoxy resin types generally have the best 

characteristics with respect to hardness and 

shrinkage. However, epoxy resins tend to be 

slower curing and adequate time should be 

allowed to ensure that the material is fully cured 

before proceeding. Epoxies often take a 

considerable period of time after initial 'setting' to 

develop full hardness. It is not generally possible 

to make cold curing resins conductive suitable 
for SEM examination



Cold Sample Mounting







Hot Sample Mounting

• Hot mounting uses a thermosetting 
compound, cured in a mounting press 
which exerts both heat and high pressure. 
This mounting method produces hard 
mounts in a short space of time. However 
the heating (generally in the order of 120 
°C) and considerable pressure applied 
may be unsuitable for delicate, soft or low 
melting point specimens.





Hot Sample Mounting



Hot Sample Mounting

• Techniques may be used to protect a delicate 
sample from the effects of pressure, such as 
placing the sample under a supporting structure 
within the moulding cavity. Such a supporting 
structure can protect the sample from the initial 
pressure applied when the mounting material is 
in a granular form, and most likely to inflict 
damage. When the mounting material becomes 
fluid, infiltration should occur to encapsulate the 
sample which will then be subject to hydrostatic 
pressure. 



Hot Sample Mounting

• Hydrostatic pressure can be applied to all but the most 
delicate of samples without problem. In the case of very 
soft or thermally sensitive materials, hot mounting is not 
appropriate. Conductive mounting resins are available, 
which are good for SEM examination, although the 
adhesion and hardness characteristics are not as good 
as those of epoxy hot set compounds. If the edges of the 
specimen are not of interest, then non conductive 
mounting materials can be used. In general, hot 
mounting is preferable to cold setting resins, when the 
sample is not affected by temperature and pressure 
(200º C & 50 kN). However, not all specimens can 
tolerate this.



Hot Sample Mounting

• Non-conductive mounts must be covered with 
adhesive conductive tape or coated with a 
conductive medium (the sample area can be 
masked if sputter coating, or using an 
evaporator. Aluminium foil or glass cover slips 
are useful for this purpose. Note: many adhesive 
metal tapes have non-conductive adhesive, so 
the use of carbon/silver conductive paint may be 
required at seams. Whilst very thin films of 
carbon can be tolerated on the sample, the ideal 
is that the sample surface should be bare.



Hot Sample Mounting

• Hot Mounting may be unacceptable, if the effect of 
temperature and pressure are expected to be 
inappropriate for the sample under investigation. 

• Generally, the materials employed for cold setting cannot 
match the hardness of materials traditionally used in Hot 
Mounting. This may lead to compromises in the degree 
of edge protection and support that the mount provides 
for the sample. Further, the abrasion characteristics may 
need to be taken into account during the preparation.



Hot Sample Mounting

• The material should be stable under 

vacuum. Out-gassing can be a major 

problem leading to high contamination 

rates on the sample, and even microscope 

parts.



• Introduction
Sectioning
Cutting the Sample
Abrasive Cutting
Sawing
Fracturing
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Grinding
Coarse Grinding
Fine Grinding
Preliminary Polishing
Polishing
Final Polishing
Mechanical Polishing
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Grinding 

• Grinding is a most important operation in 
specimen preparation. During grinding the 
operator has the opportunity of minimizing 
mechanical surface damage that must be 
removed by subsequent polishing operations. 
Even if sectioning is done in a careless manner, 
resulting is severe surface damge, the damage 
can be elimenated by prolonged grinding. 
However, prolonged polishing will do little toward 
eliminating severe surface damage introduced by 
grinding.



Grinding 

• Grinding is accomplished by abrading the 
specimen surface through a sequence of 
operations using progressively finer abrasive 
grit. Grit sizes from 40 mesh through 150 
mesh are usually regarded as coarse abrasives 
and grit sizes from 180 mesh through 600 
mesh as fine abrasives.



Grinding

• Grinding should commence with coarse grit size that 
will establish an initial flat surface and remove the 
effects of sectioning within a few minutes. An abrasive 
grit size 150 or 180 mesh is coarse enough to use on 
specimen surfaces sectioned by an abrasive cutoff 
wheels. Hacksawed, band sawed or other rough 
surfaces usually require abrasive grit sizes in the range 
80 to 150 mesh. The abrasive used for each succeeding 
grinding operation should be one or two grit size 
smaller than that used in the preceeding operation. A 
satisfactory grinding sequence might involve grit sizes 
of 180, 240, 400 and 600 mesh.



Grinding

• As in abrasive-wheel sectioning, all grinding 
should be done wet, provided water has no 
adverse effects on any constituents of the 
microstructure. Wet grinding minimizes loading 
of the abrasive with metal removed from the 
specimen being prepared. Water flushes away 
most of the surface removal products before they 
become embedded between adjacent abrasive 
particles. Thus the sharp edges of the abrasive 
particle remain exposed to the surface of the 
specimen throughout the operation. 



Grinding

• If the sharp edges are unexposed the result is 
smearing of the abraded surface rather then 
removal of surface metal. The operator must 
determine, by examining the specimen 
throughout the sequence of grinding steps, that 
the abrasive is actually cutting and not merely 
smearing or burnishing. Burnishing results 
primarily from using an abrasive beyond its 
effective limit. Use of worn-out abrasives and 
dulled cutting edges is determental to good 
preparation.



Grinding

• Another advantage of the wet grinding is the 
cooling effect of the water. Considerable frictional 
heat can develop at the surface of a specimen 
during grinding and can cuse alterations of the 
true microstructure - for example, tempering of 
martensite in steel - that cannot be removed 
during polishing. Wet grinding provides effective 
control of overheating. The abraded surface of a 
specimen may become embedded with loose 
abrasive particles during grinding. These particles 
may persist in the surface and appear to be 
nonmetallic inclusions in the polished specimen. 



Grinding

• The flushing action of the water removes 
many of loose particles that might otherwise 
become embedded. Some laboratories have 
found that dressing the abrasive material with 
a solid wax lubricant recommended for 
grinding and other machining operations can 
minimize the embedding of abrasive particles.



Grinding

• The purpose of grinding is to lessen the depth of deformed 
metal to the point where the last vestiges of damage can 
be removed by series of polishing steps. The scracth depth 
and the depth of cold worked metal underneath the 
scratches decrease with decreasing particle size of abrasive. 
However the depth of cold worked metal is roughly 
inversely proportional to the hardness of the specimen and 
may be 10 to 50 times the depth of penetration of the 
abrasive particle. It is imperative that each grinding steps 
completely remove the deformed metal produced by the 
preivious step. The operator usually can assume this is 
accomplished if he or she grinds more than twice as long as 
the time required to remove the scratches incurred by the 
previous step. 



Grinding

• To ensure the complete elimination of the 
previous grinding scratches found by visual 
inspection, the direction of grinding must be 
changed 45 to 90 degrees between succesive grit 
sizes. In addition, microscopic examination of the 
various ground surfaces during the grinding 
squence may be worthwhile in evaluating the 
effect of grinding. Each ground surface should 
have scratches that are clean-cut and uniform in 
size, with no evidence of previous grinding 
scratches.



Grinding

• Success in grinding depends in part on the 
pressure applied to the specimen. A very light 
pressure removes insufficient metal. Somewhat 
heavier pressure produce polishing, while still 
heavier pressure brings about the desired 
grinding action. Very heavy pressure results in 
nonuniform scratch size, deep gouges, and 
embedded abrasive particles. Generally, a 
medium to moderately heavy pressure applied 
firmly gives the best results.



Grinding

• Most grinding of metallographic specimen is 
performed by manually holding the specimen 
with its surface against a grinding material. To 
establish and maintain a flat surface over the 
entire area being ground, the operator must 
apply equal pressure on both sides of the 
specimen and avoid any rocking motion that will 
produce a convex surface. If grinding operation is 
interrupted - the operator must re-establish 
contact with grinding material carefully in order 
to resume grinding in the plane already 
established.



Grinding

• Specimens should be cleaned after each 
grinding steps to avoid any carryover of 
abrasive particles to the next step. Water 
solutions containing detergents are excellent 
cleaners and ultrasonic cleaning is an effective 
technique. Cleanness of the operator's hands 
is as important as cleanness of specimen. 
Contamination of the grinding equipment by 
flying abrasive particles must be avoided.



Grinding
Grinding Mediums

• The grinding abrasives commonly used in the 
preparation of specimens are silicon carbide (SiC), 
aluminium oxide (Al2O3), emery (Al2O3 - Fe3O4), 
diamond particles, etc. Usually are generally 
bonded to paper or cloth backing material of 
various weights in the form of sheets, disks and 
belts of various sizes. Limited use is made of 
grinding wheels consisting of abrasives 
embedded in a bonding material. The abrasive 
may be used also in powder form by charging the 
grinding surfaces with loose abrasive particles.



Grinding
Grinding Mediums

• Silicon carbide has a hardness of 9.5 on the 
Mohs scale, which is near the hardness of 
diamond. Silicon carbide abrasive particles are 
angular and jagged in shape and have very 
sharp edges and corners. Because of these 
characteristics, silicon carbide is very effective 
grinding abrasive and is preferred to other 
abrasives for metallographic grinding of 
almost all types of metal.



Grinding
Grinding Mediums

• Aluminium oxide abrasive material has a trigonal 
crystal structure and a hardness of 9.1 on the Mohs 
scale and is a synthetic corrundom.

• Emery is an impure, fine-grained variety of natural 
corundum containing 25 to 45 admixed iron oxide. The 
hardness of emery is Mohs 8.0. Emery abrasive 
particles have much smoother surfcaes than either 
silicon carbide or aluminium oxide abrasive paerticles. 
For this reason, emery particles do not feel as coarse as 
silicon carbide or aluminium oxide particles of 
equivalent grit size and the cutting rate of emery is 
inferior to that of either of the two other abrasives



Grinding
Grinding Mediums

• Another abrasive material used occasionally 
for grinding specimens is boron carbide, which 
has a hardness of nearly 10 on Mohs scale. 
Boron carbide is used primarily for grinding 
ceramic and other extremely hard materials.



Grinding
Grinding Mediums

• Increasing use is being made of diamond as 
grinding madium as well as polishing medium. 
Carefully sized diamond abrasive particles are 
available from 280 microns (about 60 mesh) 
to 0.25 microns in size. The coaser grades of 
diamond are used in the form of resin-bonded 
cloth-backed disks, metal bonded lapping 
surfaces, and loose particles for charging of 
grinding surfaces. 



Grinding
Grinding Mediums

• Diamond abrasives of all sizes are available as 
suspensions in oil-soluble and water-soluble 
paste vechicles known as diamond 
compounds. The extreme hardness (Mosh 10) 
and sharp cutting edges of diamond particles 
impart at high cutting rate to diamond 
abrasives. Diamond abrasives are particularly 
suitable for grinding the harder alloys and 
refractory materials.



Grinding





















Grinding
Hand Grinding

• Manual Preparation - In order to insure 
that the previous rough grinding damage is 
removed when grinding by hand, the 
specimen should be rotated 90 or 45 
degrees and continually ground until all 
the scratches from the previous grinding 
direction are removed. If necessary the 
abrasive paper can be replace with a 
newer paper to increase cutting rates.



Grinding
Hand Grinding



Grinding
Hand Grinding



Grinding
Hand Grinding

• A simple setup for hand grinding can be provided 
by a piece of plate glass, or other material with 
hard, flat surface, on which an abrasive sheet 
rests. The specimen is held by hand against the 
abrasive sheet as the operator moves specimen 
in rhytmic style away from and toward him in a 
straight line. Heavier pressure should be applied 
on the forward stroke than on the return stroke. 
The grinding can be done wet by sloping the plate 
glass surface toward the operator and providing a 
copious flow of water over the abrasive sheet.



Grinding
Hand Grinding

• Planar Grinding - or course grinding is required 
to planarize the specimen and to reduce the 
damage created by sectioning. The planar 
grinding step is accomplished by decreasing the 
abrasive grit/ particle size sequentially to obtain 
surface finishes that are ready for polishing. 
Care must be taken to avoid being too abrasive 
in this step, and actually creating greater 
specimen damage than produced during cutting 
(this is especially true for very brittle materials 
such as silicon).



Grinding
Hand Grinding

• The machine parameters which effect the 

preparation of metallographic specimens 

includes: grinding/polishing pressure, 

relative velocity distribution, and the 

direction of grinding/polishing.



Grinding
Hand Grinding

• Grinding Pressure - Grinding/polishing pressure is 
dependent upon the applied force (pounds or Newtons) 
and the area of the specimen and mounting material. 
Pressure is defined as the Force/Area (psi, N/m2 or Pa). 
For specimens significantly harder than the mounting 
compound, pressure is better defined as the force 
divided by the specimen surface area. Thus, for larger 
hard specimens higher grinding/polishing pressures 
increase stock removal rates, however higher pressure 
also increases the amount of surface and subsurface 
damage. Note for SiC grinding papers, as the abrasive 
grains dull and cut rates decrease, increasing grinding 
pressures can extend the life of the SiC paper.



Grinding
Hand Grinding

• Higher grinding/polishing pressures can also 

generate additional frictional heat which may 

actually be beneficial for the chemical 

mechanical polishing (CMP) of ceramics, 

minerals and composites. Likewise for extremely 

friable specimens such as nodular cast iron, 

higher pressures and lower relative velocity 

distributions can aid in retaining inclusions and 

secondary phases.



Grinding
Hand Grinding

• Relative Velocity - Current 

grinding/polishing machines are designed 

with the specimens mounted in a disk 

holder and machined on a disk platen 

surface. This disk on disk rotation allows 

for a variable velocity distribution 

depending upon the head speed relative to 

the base speed.



Grinding
Hand Grinding



Grinding
Hand Grinding

• For high stock removal, a slower head speed relative to 
a higher base speed produces the most aggressive 
grinding/ polishing operation. The drawback to high 
velocity distributions is that the abrasive (especially SiC 
papers) may not breakdown uniformly, this can result in 
non-uniform removal across the specimen surface. 
Another disadvantage is that the high velocity 
distributions can create substantially more specimen 
damage, especially in brittle phases. In all cases, it is not 
recommended to have the head rotating contra direction 
to the base because of the non-uniform removal and 
abrasive break-down which occurs.



Grinding
Hand Grinding

• Minimal relative velocity distributions can 
be obtained by rotating the head specimen 
disk at the same rpm and same direction 
as the base platen. This condition is best 
for retaining inclusions and brittle phases 
as well as for obtaining a uniform finish 
across the entire specimen. The 
disadvantage to low relative velocity 
distributions is that stock removal rates 
can be quite low.



Grinding
Hand Grinding

• In practice, a combination of a high velocity distribution 
(150 rpm head speed/300 - 600 rpm base speed) for the 
initial planarization or stock removal step, followed by a 
moderate speed and low velocity distribution (120-150 
rpm head speed/150 rpm base speed) step is 
recommended for producing relatively flat specimens. 
For final polishing under chemical mechanical polishing 
(CMP) conditions where frictional heat can enhance the 
chemical process, high speeds and high relative velocity 
distributions can be useful as long as brittle phases are 
not present (e.g. monolithic ceramics such as silicon 
nitride and alumina).



Grinding
Hand Grinding

• Grinding Direction - The orientation of the 
specimen can have a significant impact on the 
preparation results, especially for specimens 
with coatings. In general, when grinding and 
polishing materials with coatings the brittle 
component should be kept in compression. In 
other words, for brittle coatings the direction of 
the abrasive should be through the coating and 
into the substrate. Conversely, for brittle 
substrates with ductile coatings, the direction of 
the abrasive should be through the brittle 
substrate into the ductile coating.



Grinding
Hand Grinding



Grinding
Hand Grinding



Planar Grinding Recommendations

Metallic Specimens

• For metallic specimen grinding, sequential grinding with 
silicon carbide (SiC) abrasive paper is the most efficient 
and economical rough grinding process. Although 
extremely coarse grit abrasive papers can be found, it is 
recommended that a properly cut specimen not be rough 
ground with an abrasive greater than 120 grit SiC paper. 
A typical abrasive grinding procedure would consist of 
120 or 240 grit SiC paper followed by decreasing the 
size of the SiC paper (320, 400, and 600 grit). Finer 
papers are also available for continued abrasive paper 
grinding (800 and 1200 grit).



Planar Grinding Recommendations

Metallic Specimens

• In addition to the correct sequence and 
abrasive size selection, the grinding 
parameters such as grinding direction, 
load and speed can affect the specimen 
flatness and the depth of damage. 

• The basic idea is to remove all of the 
previous specimen damage before 
continuing to the next step while 
maintaining planar specimens.



Planar Grinding Recommendations
Electronic Specimens

• Grinding electronic components is very 

dependent upon both the substrate 

(silicon, alumina, barium titanate, plastic 

PCB's, etc) and the metallic materials 

used. In general, when grinding plated or 

coated materials, it is recommended that 

the coating be prepared in compression to 

prevent the coating from separating from 
the substrate.



Planar Grinding Recommendations
Electronic Specimens

• Silicon specimens should be have been 

sectioned with a fine grit diamond blade 

and cut as near as possible to the area of 

interest. For rough grinding, fine abrasives 

such as 400 or 600 grit SiC or a 15 micron 

diamond lapping film is recommended to 

avoid producing more damage than 
created during sectioning.



Planar Grinding Recommendations
Electronic Specimens

• Hard ceramic substrates (especially 

porous materials) should be rough 

polished with diamond lapping films to 

minimize edge rounding and relief 

between the widely varying materials 

hardness'.



Planar Grinding Recommendations

Plasma Spray Components

• Similar to the preparation of electronic 
components, plasma spray coatings 
should be kept in compression to minimize 
the possibility of delamination at the 
coating/ substrate interface. For ceramic 
plasma spray coatings, diamond lapping 
films are recommended to minmize edge 
rounding or relief and to maintain the 
integrity of any inclusions within the 
coating



Planar Grinding Recommendations
Ceramics and Ceramics Composites

• Rough grinding ceramics and ceramic 

matrix composites should be performed 

with 15 or 30 micron diamond on a metal 

mesh cloth in order to obtain adequate 

stock removal and to minimize surface and 
subsurface damage



Planar Grinding Recommendations

Plastics and Plastics Composites

• Plastics are generally very soft and therefore 
can be planar ground with sequentially 
decreasing SiC abrasive paper grit sizess. When 
plastics are used in conjunction with hard 
ceramics, planar grinding can be very tricky. For 
these composite materials cutting must minimize 
damage as much as possible because almost all 
grinding and polishing will cause relief between 
the soft plastic and the hard ceramic. Following 
proper cutting, grinding with as small as possible 
a diamond (6 micron diamond) on a metal steel 
mesh cloth or the use of lapping films is 
suggested



Grinding
Belt, Disk and Surface Grinders

• The most common types of motor-driven grinding equipment 
are the belt grinder and the disk grinder. In using either, the 
metallographic specimen is held by hand against a moving, 
fixed-abrasive grinding material supported by a platen. Belt 
grinders and disk grinders may be used in either a horizontal 
or vertical position. Abrasive belts are generally cloth-backed 
for strength, and the popular belt sizes are 4 by 36 in. and 4 
by 54 in. Although cloth-backed disks are available, paper-
backed disk are preferred for disk grinding of metallographic 
specimens, because paper-backed disks rest flat against the 
platen whereas cloth-backed disks usually curl in form the 
edge. Most metallographic grinding disks are 8 or 10 in. in 
diameter. Specimens can be belt or disk ground successfully 
through all grinding sequences



Grinding
Lapping 

• Is a grinding technique similar to disk grinding. The 
grinding surface (lap) is a rotating disk whose working 
surface is charged with a small amount of a hard 
abrasive material. Laps are made of wood, lead, nylon, 
paraffin, paper, leather, cast iron and laminated 
plastics. The abrasive charge may be pressed into lap 
material by means of a steel block, or the lap may be 
charged directly with a mixture of abrasive and 
destilled water during lapping. A groove in the form of 
a spiral is a direction counter to the lap rotation is 
often cut in the surface of laps, particularly of lead and 
paraffin laps. The spiral groove aids retention of 
cooling water and abrasive.



Grinding
Automatic grinding

• As the name implies, is done without hand 
assistance. All automatic grinding devices use 
lap surfaces on which paper-backed disks are 
placed or abrasive pawder is charged. The lap 
is either a rotating or a vibarating disk. Use of 
a latter is described as vibratory grinding. The 
technique and equipment for automatic 
grinding are analogous to those described 
uder Automatic Polishing.



Grinding
Automatic grinding

• The key to successful automated 
preparation is to thoroughly clean the 
specimens between each abrasive grit 
size used. The tracking of the specimens 
should also uniformly break down the SiC 
paper, otherwise non-uniform grinding will 
occur (especially for hard specimens in 
soft mounts). In other words, the specimen 
should track across the entire diameter of 
the SiC paper.



Coarse Grinding
• Grinding can be achieved in a variety of ways, using a 

variety of abrasives. Fixed abrasive surfaces are 
available using diamond or cubic boron nitride (CBN) 
abrasives. The method used to bind the abrasives to the 
wheel affects the grinding characteristics, the harder or 
more rigid the bonding medium, the more aggressive the 
grinding action of the surface. Therefore metal bonded 
fixed abrasive wheels are the most aggressive grinding 
surfaces, whereas resin bonded wheels are less 
aggressive.

Coarse grit Silicon Carbide or Alumina abrasives may be 
used, but the durability or characteristics of such 
materials may be inappropriate for certain materials. 
Generally, in order to maintain sharp abrasive particles, 
grinding papers need frequent changing. Follow the 
manufacturer's recommendations and advice.



Coarse Grinding



Fine Grinding

• Silicon Carbide (SiC) paper is the traditional 

method used for fine grinding and is adequate 

when used properly. SiC paper blunts quickly 

and therefore should be discarded after a short 

period of grinding in order to maintain efficient 

'stock' removal. Grinding on a surface that has 

blunt abrasives causes a great deal of surface 

damage by smearing, 'burnishing' and local 

heating.



Fine Grinding
• Ensure that sharp abrasives are used and follow the 

manufacturers instructions with regard to grinding 
speeds, direction, force, times and lubricants used. 
Damage injected during grinding may be invisible in the 
polished surface. Remember that different materials have 
different abrasion characteristics. The selection of 
grinding material and conditions can therefore be specific 
to a given sample.

• After every grinding stage it is advisable to inspect the 
ground surface using a light microscope in order to 
ensure that all damage from the previous stage, whether 
that be a cutting or grinding stage, is completely 
removed. Advance in this manner to the finest abrasive 
size required, ready for polishing. Care at this stage will 
greatly reduce the amount of polishing required to 
achieve a good surface



Fine Grinding



Sketch showing depth of grinding scratches below the surface of a specimen



Preliminary Polishing

• Diamond polishing compounds or slurries are good for 
preliminary stages for most materials. Polishing is a 
similar action to grinding, accept that the supporting 
medium used to hold the abrasive is capable far greater 
'shock absorbency' i.e. the ability of the medium to allow 
the abrasive to move to some degree and conform to the 
surface aspirates of the specimen. Thus different 
polishing surface materials have differing characteristics: 
soft cloths allow the greatest shock absorbency and 
therefore allow for gentle polishing with little damage 
associated. 



Preliminary Polishing

• However soft cloths allow the abrasive to abrade 
different areas at different rates, giving rise to 'relief'. 
'Relief' is the term used to describe the undulations that 
form in a polished surface. Extreme undulations or relief 
in the polished surface is to be avoided, although a 
certain amount can be tolerated (or even desirable) 
because the SEM generally has high depth of field. 
Harder polishing surfaces or cloths, conversely, produce 
a flatter or 'plane' surface, but may leave polishing 
damage in the surface of the material, and promote 
superficial scratching.



Preliminary Polishing

• Therefore, it is usually the case that 

polishing is started on a hard cloth with a 

coarser abrasive and finished on a softer 

cloth with a finer abrasive. Final polishing 

should not be prolonged, but just sufficient 

to achieve the desired surface finish 

without causing excessive relief



Sample Preparation 
Polishing

• Polishing is the final step in production a surface that is 
flat, scratch free, and mirror like in appearance. Such a 
surface is necessary for subsequent accurate 
metallographic interpretation, both qualitative and 
quantitative. The polishing technique used should not 
introduce extraneous structure such as disturbed 
metal, pitting, dragging out of inclusions, comet tails 
and staining.

• Before final polishing is started, the surface condition 
should be at least as good that obtained by grinding 
with a 400-grit (25 microns) abrasive.



Final Polishing

• For sample preparation, it is generally 

necessary to use an additional final 

polishing stage using colloidal silica. Final 

polishing should not be prolonged, but just 

sufficient to achieve the desired surface 

finish without causing excessive relief.



Final Polishing



Final Polishing

• Colloidal Silica is a chemo-mechanical polish, i.e., it 
combines the effect of mechanical polishing with etching. 
This type of stock removal is ideal in many cases, as a 
damage free surface can be obtained with little effort. 
Typical abrasive size is 0.05 micron. Note: Colloidal 
Silica crystallizes readily and will ruin polishing cloths if 
left to dry. Further, a film can form on the polished 
surface of the sample which must be removed. A 
convenient method to achieve this is to flush the 
polishing wheel with water during the last few seconds of 
polishing to clean the sample surface. 



Final Polishing

• Remove and dry the sample in the usual 
manner, using a solvent with low water content 
and not so volatile as to cause water 
condensation on the surface. Alcohol is ideal, 
whereas acetone is not. Flush the polishing 
wheel with water until all traces of colloidal silica 
is washed away, spin to drain and store in a 
suitable container such that contamination of the 
wheel cannot occur. Meticulous attention to 
avoiding contamination of wheels is an important 
aspect to achieve the best results



Sample Preparation
Mechanical Polishing 

• Hand Polishing

• Specimen Movement

• Polishing Pressure

• Washing and Drying

• Cleanness

• Automatic Polishing

• Polishing Cloths

• Polishing Abrasives
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Sample Preparation
Mechanical Polishing 

• The term mechanical polishing is frequently 
used to describe the various final polishing 
procedures involving the use of cloth-covered 
laps and suitable polishing abrasives. The laps 
have either a rotating or a vibrating motion, 
and the specimen are held by hand, held 
mechanically, or merely confined within the 
polishing area.



Sample Preparation
Mechanical Polishing 

• Polishing be done in a relatively dust-free area, 
preferably removed from the area for sectioning, 
mounting and rough grinding. Any contamination of a 
polishing lap by abrasive particles carried over from a 
preceding operation or by dust, dirt or other foreign 
matter in the air cannot be tolerated. Carryover as a 
result of improper cleaning between final polishing 
steps is another prime source of contamination. It is 
just as important for the operator to wash his hand 
meticulously as is for him to remove all traces of 
polishing abrasive from the specimen before 
proceeding to the next polishing operation. 



Sample Preparation
Mechanical Polishing 

• The specimen can be cleaned ultrasonically or 
by careful washing under running water and 
swabbing with cotton. In automatic 
equipment in which holding fixtures for the 
specimens are also transferred through 
successive polishing steps, proper cleaning of 
the assembly can be accomplished only by 
using an ultrasonic cleaner.



Sample Preparation
Mechanical Polishing 

• If a polishing lap becomes contaminated, it is 
virtually impossible to remove all of the 
contaminant by washing the polishing cloth. 
Instead, the operator should replace the cloth 
and use fresh polishing solution. Cleanness 
cannot be overemphasized. It takes only one 
particle of grit on a final polishing lap to ruin 
all prior preparation.



Sample Preparation
Hand Polishing

• Aside from the use of improved polishing 
cloths and abrasives, hand polishing 
techniques still follow the basic practice 
established years ago:



Sample Preparation
Hand Polishing

• Specimen Movement
The specimen is held with one or both hands, 
depending on the operator's preference, and is 
rotated in a direction counter to the rotation of 
the polishing wheel. In addition, the specimen is 
continually moved back and forth between the 
center and the edge of the wheel, thereby 
ensuring even distribution of the abrasive and 
uniform wear of the polishing cloth. The main 
reason for rotating the specimen is to prevent the 
formation of "comet tails“.



Sample Preparation
Hand Polishing

• Polishing Pressure
The correct amount of applied pressure must 
be determined by experience; in general, firm 
hand pressure is applied to the specimen in 
the initial polishing step and is proportionally 
decreased with successively finer polishing 
steps. For very soft materials, pressure other 
than that from the weight of the specimen 
itself may be eliminated entirely in the last 
polishing operation.



Sample Preparation
Hand Polishing

• Washing and Drying
The specimen is preferably washed and 
swabbed in worm running water, rinsed with 
methanol or any other alcohol that does not 
leave a residue, and dried in a stream of warm 
air. Alcohol can usually be employed for 
washing when the abrasive carrier is not 
soluble in water.



Sample Preparation
Hand Polishing

• Cleanness
The precautions for cleanness, as previously 
mentioned, must be strickly followed.



Sample Preparation
Automatic Polishing

• High quality preparation of most metallographic 
specimens often can be expedited by the use of 
automatic polishers. Automatic polishing equipment 
usually allows the preparation of several specimens 
simultaneously. Some methods of specimen 
preparation can be done only with automatic polishers, 
such as remote polishing of radioactive materials, 
chemical-mechanical polishing, and polishing in special 
atmospheres. There is no ideal automatic polisher; 
each has its merits and shortcomings and each 
metallographer must determine which is best for his 
particular requirements.



Sample Preparation
Polishing Cloths

• The requirements of any good polishing cloth 
include the ability to hold an abrasive, long 
life, absence of any foreign material that may 
cause scratches, and absence of any 
processing chemicals that may react with the 
specimen



Sample Preparation
Polishing Cloths

• A cloth without nap or with a very low nap is 
preferred for the preliminary or rough polishing 
operation. The absence of nap ensures maximum 
contact with the polishing abrasive, and results in 
fast cutting with minimum of relief. The cloths 
most frequently used are canvas, low-nap, 
cotton, nylon, silk and Pelon. These cloths are 
stretched tight on the laps and fastened securely, 
usually by a band-type clamp. Some cloths are 
available with a contact adhesive on the back, 
which greatly simplifies installation on the wheel. 



Sample Preparation
Polishing Cloths

• After installation, the cloths are charged with the 
appropriate abrasive (usually in sizes from 15 microns 
down to 1 microns) and carrier. Rough polishing is 
usually done with the laps rotating at 500 to 600 rpm. 
Cloths with a medium or high nap are ordinarily used 
on slow rotating laps (less than 300 rpm) for 
intermediate and final polishing. Felt or billiard cloths 
(100% virgin wool), used with 0.3 micron aluminium 
oxide or other comparable abrasive, are excelent for 
intermediate polishing of soft metals (most nonferrous 
alloys and low carbon steels) and final polishing of hard 
materials (such as hardened alloy steels). 



Sample Preparation
Polishing Cloths

• One of the most popular cloths for final polishing 
of most metals is composed of densely packed, 
vertically aligned, synthetic fibres bonded to a 
suitable backing. For some metals or for 
particular types of polishing, other cloths, such as 
velvets, satins, cashmeres or cottons, may be 
required. The ability to select the proper 
combination of cloth, abrasive, carrier, polishing 
speed (rotational speed of the polishing wheel), 
and pressure applied can be acquired only by 
experience.



Sample Preparation
Polishing Abrasives

• Polishing usually involves the use one or more of 
five types of abrasive: aluminium oxide (Al2O3), 
magnesium oxide (MgO), chromic oxide (Cr2O3), 
iron oxide (Fe2O3), and diamond compound. 
With the exception of diamond compound these 
abrasives are normally used in a distilled water 
suspension, but if the metal to be polished is not 
compatible with water, other suspensions, such 
as ethylene glycol, alcohol, kerosine or glycerin, 
may be required. The diamond compounds 
should be extended only with the carrier 
recommended by the manufacturer.



Sample Preparation
Polishing Abrasives

• Aluminium oxide (aluminia) is the polishing 
abrasive most widely used for general 
metallographic polishing. The alpha grade 
aluminium oxide is used in a range of particle 
sizes from 15 microns to 0.3 micron. For some 
hard materials the 0.3 micron size is sufficient 
for a final polish. The gamma grade of 
aluminium oxide is available in a 0.05 micron 
particle size for final polishing.



Sample Preparation
Polishing Abrasives

• Magnesium oxide (magnesia) is recommended 
for final polishing, especially for the preparation 
of magnesium and aluminium, and their alloys. 
Only the metallographic grades, which contain no 
water soluble alkalis, should be used; otherwise, 
any free alkalis present could stain and chemically 
attack the specimen. Magnesium oxide also 
reacts slowly with water to form magnesium 
hydroxide. This in turn reacts with carbon dioxide 
present in the atmosphere and in tap water to 
form magnesium carbonate, which can 
contaminate the polishing lap. 



Sample Preparation
Polishing Abrasives

• If carbonate is present, the polishing cloth 
must be replaced or treated in acidified 
destilled water (2% HCl solution) to convert 
the carbonate to water-soluble magnesium 
chloride. If the polishing cloth is to be retained 
for future polishing, it should be removed 
from the wheel immediately after use, washed 
in running water and stored in the 2% 
hydrochloric acid solution.



Sample Preparation
Polishing Abrasives

• Chromic oxide, available in a range of particle size 
down to 0.05 micron, is used for rough and final 
polishing of steel and cast iron.

• Iron oxide, known as jeweler's rouge is available 
as a powder of aproximately 3 micron particle 
size. It may be used for rough and final polishing 
of steel and cast iron, depending on the finish 
required.



Sample Preparation
Polishing Abrasives

• Diamond polishing compounds are becoming 
increasingly popular for preparing metallographic 
specimen. Diamond is the only substance hard enough 
and with good enough cutting qualities to be used for 
mechanical polishing of materials such as boron 
carbide and sintered tungsten. Specimens that have 
both hard and soft constituents, such as graphite in 
cast iron and silicon in aluminium, can be polished 
without causing relief, with diamond compounds on an 
appropriate lap. These polishing compounds are 
available either in water soluble and oil soluble carriers 
or in the form of dry diamond powder in particle size 
down to 0.25 microns.



Sample Preparation
Polishing Abrasives

• Rough Polishing - The purpose of the rough polishing 
step is to remove the damage produced during cutting 
and planar grinding. Proper rough polishing will maintain 
specimen flatness and retain all inclusions or secondary 
phases. By eliminating the previous damage and 
maintaining the microstructural integrity of the specimen 
at this step, a minimal amount of time should be required 
to remove the cosmetic damage at the final polishing 
step. Rough polishing is accomplished primarily with 
diamond abrasives ranging from 9 micron down to 1 
micron diamond. Polycrystalline diamond because of its 
multiple and small cutting edges, produces high cut rates 
with minimal surface damage, therefore it is the 
recommended diamond abrasive for metallographic 
rough polishing on low napped polishing cloths.



Basic Rough Polishing Guidelines

• For Metals (ferrous, non-ferrous, tool 

steels, superalloys, etc

• Rough polishing typically requires two 

polishing steps, such as a 6 micron 

diamond followed by a 1 micron diamond 

on low napped polishing cloths



Basic Rough Polishing Guidelines

• For Ceramics and ceramic matrix 

composites (CMC)

• Low nap polishing pads using 

polycrystalline diamond alternating with 

colloidal silica. This provides a chemical 

mechanical polishing (CMP) effect which 

results in a damage free surface finish.



Basic Rough Polishing Guidelines

• For Polymer matrix composites (PMC)

• Diamond lapping films



Basic Rough Polishing Guidelines

• For Biomaterials

• Low napped polishing pads with 

polycrystalline diamond alternating with 

colloidal silica.

• Alternatively, diamond lapping films may 

work well.



Basic Rough Polishing Guidelines

• For Microelectronic specimens

• Diamond lapping films.



Basic Rough Polishing Guidelines

• For Plastics and polymers

• 800 and 1200 grit SiC abrasive paper.



Basic Rough Polishing Guidelines

• For Plasma spray materials

• Diamond lapping films or low napped 

polishing pads with alternating diamond 
and colloidal silica abrasives



Final Polishing

• Final Polishing –

• The purpose of final polishing is to remove only 

surface damage. It should not be used to 

remove any damage remaining from cutting and 

planar grinding. If the damage from these steps 

is not complete, the rough polishing step should 

be repeated or continued.



Recommended Final Polishing Guidelines

• For Metals (ferrous, non-ferrous, tool 

steels, superalloys, etc.)

• High napped polishing pads with a 

colloidal alumina polishing abrasive. The 

polishing times should nominally be less 

than 30 seconds.



Recommended Final Polishing 

Guidelines

• For Ceramics and ceramic matrix 

composites (CMC)

• Low napped polishing pads using 1 um 

polycrystalline diamond alternating with 
colloidal silica or colloidal silica alone.



Recommended Final Polishing 

Guidelines

• For Polymer matrix composites (PMC)

• Fine abrasive diamond lapping films 

followed by a very light polish on a high 

napped polishing pad.



Recommended Final Polishing 

Guidelines

• For Biomaterials

• Low napped polishing pads with 

polycrystalline diamond, alternating with 

colloidal silica.

• Alternatively, diamond lapping films may 

work well.



Recommended Final Polishing 

Guidelines

• For Microelectronic specimens

• Diamond lapping films followed by a very 

light polish on a high napped polishing 

pad.



Recommended Final Polishing 

Guidelines

• For Plastics and polymers

• Light polish with alumina on a high napped 

polishing pad.



Recommended Final Polishing 

Guidelines

• For Plasma spray materials

• Diamond lapping films followed by a very 

light and short alumina or colloidal silica 

polish on a high napped polishing pad.



Sample Preparation 
Electrolytic Polishing 

• Even with the most careful mechanical polishing, 
some disturbed metal however small the 
amount, will remain after preparation of a 
metallographic specimen. This is no problem if 
the specimen is to be etched for structural 
investigation, because etching is usually sufficient 
to remove the slight layer of disturbed metal. If 
the specimen is to be examined in the as-
polished condition, however, or if no surface 
disturbance can be tolerated, either electrolytic 
polishing or chemical polishing is preferred.



Sample Preparation 
Electrolytic Polishing 

• In electrolytic polishing (elektropolishing), the specimen is 
the anode in an electrolytic cell. Direct current from an 
external cell is applied to the electrolytic cell under specific 
conditions, and anodic dissolution results in a leveling and 
brightening of the specimen surface. The most widely 
accepted theory postulated to explain the leveling action 
concerns the layer of viscous material (usually visible) that 
is present on the specimen surface during electropolishing. 
This layer (termed the anolyte layer) is composed of 
products that result from the reaction between the metal 
and the electrolyte, and is, according to the theory, 
necessary for proper electropolishing. 



Sample Preparation 
Electrolytic Polishing 

• At areas of elevation on the specimen surface, 
this anolyte layer is thinner and offers less 
resistance to the flow of current than areas of 
depression. The resulting higher current density 
at elevated areas causes the metal in those areas 
to dissolve more rapidly than metal in depressed 
areas, and thus levels the surface of the 
specimen. The brightening of the anodic surface 
is atributed to the formation of a thin film that 
follows contours of the surface and to uniform 
attack of this film by the electrolyte.



Sample Preparation 
Electrolytic Polishing 

• Electropolishing does not disturb any metal on 
the specimen surface and therefore is ideally 
suited for the metallographic preparation of soft 
metals, most single-phase alloys, and alloys that 
work harden readily. The disadvantages of 
electropolishing include preferential attack in 
multiphase alloys caused by differences in 
electrical potential between phases, and chemical 
attack of nonmetalic inclusions by the electrolyte. 
Proper choice of electrolyte and operating 
conditions will minimize these disadvantages.



Sample Preparation
Etching

• Chemical Etching

• Electrochemical Etching

• Physical Etching

• Cathodic Vacuum Etching
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Sample Preparation
Etching

• Although certain information may be obtained from as-
polished specimens, the microstructure is usually 
visible only after etching. Only features which exhibit a 
significant difference in reflectivity (10% or greater) can 
be viewed without etching. This is true of 
microstructural features with strong color differences 
or with large differences in hardness causing relief 
formation. Cracks, pores, pits, and nonmetallic 
inclusions may be observed in the as-polished 
condition. In most cases, a polished specimen will not 
exhibit its microstructure because incident light is 
uniformly reflected. 



Sample Preparation
Etching

• Since small differences in reflectivity cannot be 
recognized by the human eye, some means of 
producing image contrast must be employed. 
Although this has become known as "etching" in 
metallography, it does not alway refer to selective 
chemical dissolution of various structural 
features. There are numerous ways of achieving 
contrast. These methods may clasified as optical, 
electrochemical (chemical), or physical, 
depending on whether the process alters the 
surface or leaves if intact.



Sample Preparation
Etching

• The purpose of etching is to optically enhance 
microstructural features such as grain size and 
phase features. Etching selectively alters these 
microstructural features based on composition, 
stress, or crystal structure. The most common 
technique for etching is selective chemical 
etching and numerous formulations have been 
used over the years. Other techniques such as 
molten salt, electrolytic, thermal and plasma 
etching have also found specialized 
applications.



Sample Preparation
Chemical Etching

• Chemical etching is based on the aplication of 
certain illumination methods, all of which use the 
Kohler illumination principle. This principle also 
underlies common bright-filed illumination. 
These illumination modes are dark field, 
polarized light, phase contrast and interference 
contrast. They are available in many commercially 
produced microscopes, and in most cases, the 
mode may be put into operation with few simple 
manipulations. 



Sample Preparation
Chemical Etching

• There is distinct advantage in employing 
optical etching rather than those technique 
which aleter the specimen surafce. Chemical 
and physical etching require considerable time 
and effort and there is always a danger of 
producing artifacts which lead to 
misinterpretations.



Sample Preparation
Chemical Etching

• Chemical etching - slectively attacks specific 
microstructural features. It generally consists of 
a mixture of acids or bases with oxidizing or 
reducing agents. For more technical information 
on selective chemical etching consult corrosion 
books which discuss the relationship between 
pH and Eh (oxidation/reduction potentials), often 
known as Eh-pH diagrams or Pourbaix 
diagrams. Over the years numerous chemical 
etchants have been formulated.







Sample Preparation
Electrochemical Etching

• During the process of electrochemical etching of metallic 
specimen, reduction and oxidation process (redox process) 
take place. All metals in contact with the solution have a 
prononounced tendency to become ionized by releasing 
(losing) electrons. The degree to which this reaction takes 
place may be recorded by measuring the electrochemical 
potential. This is done by comparing the potential of metal 
versus the standard potential of a reference electrode. The 
tabulation of various metals results in the electromotive 
series of elements:
Li+ , Na+ , K+, Ca++ , Ba++ , Be++ , Mg++ , Al+++ , Mn++ , 
Zn++ , Cr++ , Cd++ , Ti+ , Co++ , Ni++ , Pb++ , Fe+++ , H+ , 
Sn++++ , Sb+++ , Bi+++ , As+++ , Cu++ , Ag+ , Hg++, Au+++ , 
Pt+++.



Sample Preparation
Electrochemical Etching

• The elements are listed in order of decreasing electroaffinity. 
All elements preceding hydrogen are attacked by acids with 
the evolution of hydrogen (H2). All elements following 
hydrogen cannot be attacked without the addition of an 
oxidizing agent. Thus, microstructural elements of different 
electrochemical potential are attacked at different rates. This 
produces differential etching, resulting in microstructural 
contrast. Electrochemical etching may be considered as 
"forced corrosion". The differences in potential of the 
microstructural elements cause a subdivison into a network of 
very small anodic or cathodic regions. These miniature cells 
cannot originate from differences in phase composition only, 
but also have to come from irregularities in the crystal 
structure as they are present - for example, at grain 
boundaries and from other inhomogeneities such as:



Sample Preparation
Electrochemical Etching

• Inhomogeneities resulting from deformation, which are less 
reistant to attack than undeformed material.

• Unevenness in the formation of oxidation layers

• Concentration fluctuation in the electrolyte

• Differences in electrolyte velocity

• Differences in the oxygen content of the electrolyte

• Differences in the illumination intensity, which can initiate 
diferences inpotential



Sample Preparation
Electrochemical Etching

• Because of differences in potential between microstructural 
features, dissolution of the surface proceeds at different rates, 
producing contrast. Contrast can also originate from layers 
formed simultaneously with material dissolution. This is true 
in precipitation etching and heat tinting where surface 
reactions are involved. In precipitation etching the material is 
first dissolved at the surface; it then reacts with certain 
components of the etchant to form insoluble compounds. 
These compounds precepitate selectively on the surface, 
causing interference colors or heavy layers of a specific color. 
During heat tinting, coloration of the surface takes place at 
different rates according to the reaction charcteristics of 
different microstructural elements under the given conditions 
of atmosphere and temperature.



Sample Preparation
Electrochemical Etching

• A wide variety of etchants is available, 
including acid, bases, neutral solutions, 
mixtures of solutions, molten salts and gases. 
The stability of many etching solutions is 
limited; redox potentials change with time. 
Changes may also occur while the etchant isin 
use, such that it must be discarded after a 
limited time.



Sample Preparation
Electrochemical Etching

• Etching times range from several seconds to 
some hours. When no instractions are given, 
progress is judged by the appearance of the 
surface during etching. Usually, the surface 
will become less reflective as etching 
proceeds. Etching time and temperature are 
closely related; by increasing the temperature, 
the time can usually be decreased. Most 
etching is performed at room temperature.



Sample Preparation
Electrochemical Etching

• Conventional chemical etching is the oldest 
and most commonly applied technique for 
production microstructural contrast. In this 
technique, the etchant reacts with the 
specimen surface without the use of an 
external current supply. Etching proceeds by 
selective dissolution according to the 
electrochemical characteristic of the 
componenet areas.



Sample Preparation
Electrochemical Etching

• In electrolytic or anodic etching, an electrical 
potential is applied to the specimen by means of 
an external circuit. Typical setup consist, the 
specimen (anode) and its counterelectrode 
(cathode) immersed in an elctrolyte.

• Potentiostatic etching is an advanced form of 
electrolytic etching, which produces the ultimate 
etching contrast through highly controlled 
conditions.



Sample Preparation
Electrochemical Etching

• On completion of any chemical or 
electrochemical etching process, the specimen 
should be rinsed in clean water to remove the 
chemicals and stop any reactions from 
proceeding futher. After specimens are water 
rinsed, they should be rinsed in alcohol and 
dried in a stream of warm air. The use of 
alcohol speeds up the drying action and 
prevents the formation of water spots.



Common Electrochemical Etchants



Sample Preparation
Physical Etching

• Basic physical phenomena are also often used to 
develop strucural contrast, mainly when conventional 
chemical or electrolytic techniques fail. They have the 
advantage of leaving surfaces free from chemical 
residues and also offer adavantages where 
electrochemical etching is difficult - for example, when 
there is an extremely large difference in 
electrochemical potential between microstructural 
elements, or when chemical etchants produce ruinous 
stains or residues. Some probable applications of these 
methods are plated layers, welds joining highly 
dissimular materials, porous materials, and ceramics.



Sample Preparation
Cathodic Vacuum Etching

• Cathodic vacuum etching, also referred to as 
ion etching, produces structural contrast by 
selective removal of atoms from the sample 
surface. This is accomplished by using high-
energy ions (such as argon) accelerated by 
voltages of 1 to 10 kV. Individual atoms are 
removed at various rates, depending on the 
microstructural details such as crystal 
orientation of the individual grains, grain 
boundaries, etc.



Sample Preparation
Cathodic Vacuum Etching

• Plasma etching is a lesser known 
technique that has been used to enhance 
the phase structure of high strength 
ceramics such as silicon nitride. For silicon 
nitride, the plasma is a high temperature 
flouride gas, which reacts with the silicon 
nitride surface producing a silicon flouride 
gas. This etching technique reveals the 
intragrain microstructure of silicon nitride.



Molten Salt-etching
• Molten Saltetching is a combination of thermal 

and chemical etching techniques. Molten salt 
etching is useful for grain size analysis for hard 
to etch materials such as ceramics. The 
technique takes advantage of the higher internal 
energy associated at a materials grain 
boundaries. At the elevated temperature of 
molten salts, the higher energy at the grain 
boundaries is relieved, producing a rounded 
grain boundary edge which can be observed by 
optical or electron microscope techniques. Some 
common molten salts are listed in the following 
table.



Common Molten Salt Etchants



Thermal Etching
• Thermal etchingis a useful etching 

technique for ceramic materials. Thermal 
etching is technique that relieves the 
higher energy associated at the grain 
boundaries of a material. By heating the 
ceramic material to temperatures below 
the sintering temperature of the material 
and holding for a period of minutes to 
hours the grain boudaries will seek a level 
of lower energy. The result is that the grain 
boundary edge will become rounded so 
that it can be evaluated by optical or 
electron microscope techniques.



Thermal Etching

• Depending upon the ceramic material, the 

atmospheric condition of the furnace may 

need to be controlled. For example, 

etching silicon nitride will require either a 

vacuum or an inert atmosphere of nitrogen 

or argon to prevent oxidation of the 

surface to silicon dioxide.



Common Thermal Etching 

Conditions



Electrolytic Polishing

• Even with the most careful mechanical polishing, 
some disturbed metal however small the 
amount, will remain after preparation of a 
metallographic specimen. This is no problem if 
the specimen is to be etched for structural 
investigation, because etching is usually 
sufficient to remove the slight layer of disturbed 
metal. If the specimen is to be examined in the 
as- polished condition, however, or if no surface 
disturbance can be tolerated, either electrolytic 
polishing or chemical polishing is preferred.



Electrolytic Polishing



Electrolytic Polishing

• Electrolytic preparation uses an electrolytic reaction cell 
containing a liquid electrolyte with two electrodes: an 
anode and cathode. The sample to be polished/etched 
forms the anode. The electrodes are connected to an 
external power supply and voltage applied to cause 
reaction within the cell. In electrolytic polishing 
(elektropolishing), the specimen is the anode in an 
electrolytic cell. Direct current from an external cell is 
applied to the electrolytic cell under specific conditions, 
and anodic dissolution results in a leveling and 
brightening of the specimen surface. The most widely 
accepted theory postulated to explain the leveling action 
concerns the layer of viscous material (usually visible) 
that is present on the specimen surface during 
electropolishing. 



Electrolytic Polishing

• This layer (termed the anolyte layer) is composed of 
products that result from the reaction between the metal 
and the electrolyte, and is, according to the theory, 
necessary for proper electropolishing. At areas of 
elevation on the specimen surface, this anolyte layer is 
thinner and offers less resistance to the flow of current 
than areas of depression. The resulting higher current 
density at elevated areas causes the metal in those 
areas to dissolve more rapidly than metal in depressed 
areas, and thus levels the surface of the specimen. The 
brightening of the anodic surface is atributed to the 
formation of a thin film that follows contours of the 
surface and to uniform attack of this film by the 
electrolyte



Electrolytic Polishing



Electrolytic Polishing

• Shown above is the characteristic curve for an 
electrolytic cell. This curve is dependant on the 
electrolyte used and will vary for different electrolytes. 
Control of the voltage and current density at the anode, 
plus electrolyte composition, temperature and agitation 
are all critical in achieving the desired etching/polishing 
characteristics. Establishing adequate control of these 
parameters can be difficult and further, many of the 
electrolytes are hazardous or even explosive. In the case 
of the latter, temperature control is critical. Do not 
attempt electro polishing or etching without the 
necessary experience and safety measures in place.



Electrolytic Polishing

• Electropolishing does not disturb any metal on 
the specimen surface and therefore is ideally 
suited for the metallographic preparation of soft 
metals, most single-phase alloys, and alloys that 
work harden readily. The disadvantages of 
electropolishing include preferential attack in 
multiphase alloys caused by differences in 
electrical potential between phases, and 
chemical attack of nonmetalic inclusions by the 
electrolyte. Proper choice of electrolyte and 
operating conditions will minimize these 
disadvantages.



Electrolytic Polishing



Mechanism of electrolytic polishing



Relationship between current density and single-electrode potential for 
electrolytes possessing polishing action over a wide range of 

voltages and currents



Cell voltage as a function of anode current density for electropolishing 
copper in ortho-H3PO4 (900 g per 1000 mL H2O), 

using a potentiometric circuit



Cell voltage as a function of anode current density for electropolishing 
copper in ortho-H3PO4 (900 g per 1000 mL H2O), 

using a potentiometric circuit



Typical electrical circuits and equipment setups used for electropolishing. 
(a) Potentiometric circuit (for low current densities). 

(b) Series circuit (for high current densities)



Basic laboratory setup for electropolishing and electrolytic etching



Factors controlling etching/polishing 

characteristics include:

• Electrolyte composition

• Electrolyte temperature

• Electrolyte stirring

• Area to be polished/etched (current 

density)

• Voltage



Advantages - Disadvantages of 

Electrolytic Etching or Polishing:

• Fast

• Can be reproducible

• No mechanical deformation

• Can be automated

• Can produce excellent surfaces for examination

• Conductive specimens only

• Not all alloys can be polished

• Preferential attack or pitting can occur

• No edge retention

• Limited polishing area

• Limited scratch/material removal

• Hazardous Electrolytes

• Temperature control vital

• Establishing correct conditions can be difficult



Sample Preparation
Cleaning 

• Cleanliness is an important requiremet for 
succefful sample preparation. Specimens must be 
cleaned after each step, all grains from one 
grinding and polishing step must be completely 
removed from the specimen to avoid 
contamination, which would reduce the 
efficiency of the next preparation step. Through 
cleaning is particularly critical after fine grinding 
and before rough polishing and all subsequent 
steps. 



Sample Preparation
Cleaning 

• Clean, grease free surfaces are essential for 
subsequent chemical or electrolytic 
treatment. Residues, fingerprints, and 
inconspicuous films may interfere with 
etching, causing various areas to be attacked 
at different rates. Every single microsection 
preparation procedure must be followed by 
through cleaning, which can be performed in 
different ways.



Sample Preparation
Cleaning 

• Rinsing is most frequently used and consists of 
holding specimen under a stream of running 
water and wiping the surafce with a soft brush or 
cotton swab.

• Ultrasonuc cleaning is the most effective and 
thorough method of cleaning. Not only area 
surface contaminants removed, but particulate 
matter held in crevicesm, crack, or pores is 
removed by the action of cavitation. Usually this 
ultrasonic cleaning needs only 10 to 30 s.



Sample Preparation
Cleaning 

• After cleaning, specimens may be dried 
rapidly by rinsing in alcohol, benzene, or other 
low-boiling-point liquids, then placed and a 
hot-air drier for sufficient time to vaporize 
liquids remaining in cracks and pores.



Sample Preparation 
Specimen Storage 

• When polished and etched specimens are to 
be stored for long periods of time, they must 
be protected from atmospheric corrosion. 
Desiccators and vacuum desiccators are the 
most common means of specimen storage, 
althrough plastic coatings and cellophane tape 
are sometimes used.



Definitions of etching methods



Definitions of etching methods



Definitions of etching methods



Definitions of etching methods



Preparation Artifacts 

• Cracks
• Comet Tails
• Contamination
• Deformation
• Edge Rounding
• Embedded Abrasive
• Gaps
• Lapping Tracks
• Porosity
• Pull-Outs
• Relief
• Scratches
• Smearing
• Staining

http://www2.arnes.si/~sgszmera1/others/help/cracks.html
http://www2.arnes.si/~sgszmera1/others/help/comet.html
http://www2.arnes.si/~sgszmera1/others/help/contam.html
http://www2.arnes.si/~sgszmera1/others/help/deform.html
http://www2.arnes.si/~sgszmera1/others/help/edge.html
http://www2.arnes.si/~sgszmera1/others/help/embed.html
http://www2.arnes.si/~sgszmera1/others/help/gaps.html
http://www2.arnes.si/~sgszmera1/others/help/lapp.html
http://www2.arnes.si/~sgszmera1/others/help/poros.html
http://www2.arnes.si/~sgszmera1/others/help/pull.html
http://www2.arnes.si/~sgszmera1/others/help/pull.html
http://www2.arnes.si/~sgszmera1/others/help/pull.html
http://www2.arnes.si/~sgszmera1/others/help/relief.html
http://www2.arnes.si/~sgszmera1/others/help/scratch.html
http://www2.arnes.si/~sgszmera1/others/help/smear.html
http://www2.arnes.si/~sgszmera1/others/help/stain.html


Preparation Artifacts
Cracks 

Example: Crack between oxide layers and the steel  substrate, Mag. 200 X.





Preparation Artifacts
Cracks 

• Cracks are fractures in brittle materials and materials with 
different phases. The energy used to machine the sample is 
greater than can be absorbed. The surplus energy results in 
the cracks. Cracks do occur in brittle materials and samples 
with layers. Care has to be taken through- out the complete 
preparation process. When cutting coated samples, the wheel 
should pass through the layer(s) first, so that the base 
material can act as support. Clamping of the sample should be 
carried out in a way that no damage can occur. 



Preparation Artifacts
Cracks 

• If necessary soft packing between sample and 
clamp has to be used. Mounting: for fragile 
materials, hot compression mounting should 
be avoid and cold mountig, preferably vacuum 
impregnation, should be used instead. Note: 
vacuum impregnation will only fill cracks and 
cavities connected with the surface.



Preparation Artifacts
Comet Tails 

Example: Comet tails, Mag. 200 X.





Preparation Artifacts
Comet Tails

• Comet tails accur adjacent to inclusion or pores, 
when the motion between sample and polishing 
disc is undirectional. Their charcteristic shape 
earns the name "comet tails". A key factor in 
avoiding comet tails is the polishing dynamics. 
There are many variables in the metalographic 
polishing process. The most commonly 
recognized are items such as cloth and abrasives. 
While these gave a great effect on the polishing 
process, other critical parameters are often
neglected.



Preparation Artifacts
Comet Tails

• These parameters are the polishing 
dynamicss. The dynamics or speed of the 
sspecimen in relation to the cloth plays an 
important role in the final otcome of the 
polishing process. Artifacts such as commt 
tails, pull-outs, and edge rounding can be 
attributed to an imbalance in the dynamics.



Preparation Artifacts
Contamination

•

Example: Al2O3 particles from previous preparation is 

deposited on surface of the sample, Mag. 200 X.





Preparation Artifacts
Contamination

• Material from a source other than the sample 
itself which is deposited on the sample surface 
during mechanical grinding or polishing is called 
contamination. Contamination can occur on all 
type of material. During polishing, possible dirt 
particles or material removed during a previous 
step can be deposited on the specimen. 
Microscopic examination can show "inclusions" 
or parts of a structure which should not actually 
be there.



Preparation Artifacts
Deformation 

Example: Sharp deformation lines on sample, Mag. 200 X.





Preparation Artifacts
Deformation 

• There are two types of deformation, elastic 
and plastic. Elastic deformation dissappears 
when the applied load is removed. Plastic 
deformation may also be refered to as cold 
work. It can result in subsurface defects after 
grinding, lapping or polishing. Remaining 
plastic deformation can first be seen after 
polishing. Only deformation introduced during 
the preparation is covered here. 



Preparation Artifacts
Deformation 

• All others types from previous operations like 
bending, drawing and stretching is not 
considered, bacause it can not be changed or 
improved by changing the preparation 
method. Deformations are artifacts which first 
show up after etching (chemical, physical or 
also optical etching).



Preparation Artifacts
Edge Rounding 

Example: Due to a gap between resin and sample the edge 
is rounded, Mag. 500 X.





Preparation Artifacts
Edge Rounding

• Using a polishing surface with high resilience 
will result in material removal from both the 
sample surface and around the sides. The 
effect of this is edge rounding. With mounted 
specimens this effects can be seen, if the wear 
rate of the resin is higher than that of the 
sample material.



Preparation Artifacts
Embedded Abrasive

Example: Diamond particles embeded in the sample, Mag. 200 X.





Preparation Artifacts
Embedded Abrasive

• Loose abrasive particles pressed into the 
surface of the sample. With soft materials, 
abrasive particles can become embedded. 
That happen because of these reasons: Too 
small abrasive particle size, disc/cloth used for 
grinding or polishing with too low resilience or 
a lubricant with too low a viscosity. Often a 
combination of these reasons take place.



Preparation Artifacts
Gaps

Example: Gap between resin and sample, Mag. 200 X.





Preparation Artifacts
Gaps

• Gaps are voids between mounting resin and 
sample material.



Preparation Artifacts
Lapping Tracks 

Example: Lapping tracks, Mag. 200 X.





Preparation Artifacts
Lapping Tracks 

• These are indentations on the sample surface 
made by abrasive particles moving freely on a 
hard surface. There are no scratches, like from a 
cutting action. Instead, there are the distinct 
tracks of particles tumbling over the surface 
without removing material. If abrasive particle is 
not held in a fixed position while the sample is 
passing over it, it will start rolling. Instead of 
removing, cuttingm chips of matrial, the grain is 
forced into the sample material, creating deep 
deformation, and only pounding small particles 
out of the sample surface.



Preparation Artifacts
Porosity 

Example: Porosity in the Fe sintered alloy, Mag. 200 X.





Preparation Artifacts
Porosity 

• Some materials have natural porosity, e.g.cast metals, spray 
coatings or ceramic. It is important to get the correct 
values, and not wrong readings because of preparation 
faults. Depending on the properties of a material, two 
contrary effects regarding porosity can be seen. Soft and 
ductile materials can be deformed easily. Therefore pores 
can be covered by smeared material. Hard, brittle materials 
often get fractured at the surface during the first 
mechanical preparation steps. Contrary to the ductile 
material, where the initial porosity seems to be low and the 
pores have to be opened, brittle materials seem to have a 
high porosity. The apparent fracturing of the surface has to 
be removed.



Preparation Artifacts
Pull-Outs  

Example: Inclusions pulled out, Mag. 100 X.





Preparation Artifacts
Pull-Outs 

• Pull-outs are the cavities left after grains or 
particles which are torn out of the sample surface 
during abrasion. They are found in hard and 
brittle materials, and in materials with inclusions. 
Hard or brittle materials can not be deformed 
plastically, so small parts of the surface material 
shatter and may fall out or be pulled out by the 
polishing cloth. Inclusions may also be brittle ir 
have other thermal expansion values than the 
matrix. In this case, the relatively loose or broken 
inclusions can be pulled out by long naped 
polishing cloth.



Preparation Artifacts
Relief 

Example: Polishing relief, Mag. 200 X.





Preparation Artifacts
Relief 

• Material from different phases is removed at different 
rates, due to varying hardness or wear rate of the 
individual phases. Relif does normally first occur during 
polishing. The most important parameters to avoid 
relief are preparation time and polishing cloth. The 
preparation time should be kept as short as possible. 
When developing a new method the samples have to 
be checked in short intervals, 1-2 min. The polishing 
cloths have a strong influence on the planeness of the 
sample. Polishing cloth with low resilience produces 
samples with les relief than cloth with high resilience.



Preparation Artifacts
Scratches  

Example: Scratches on steel sample, Mag. 100 X.





Preparation Artifacts
Scratches 

• Stratches are grooves in the surface of a 
sample, produced by points of abrasive 
particles.



Preparation Artifacts
Smearing  

Example: Smearing on soft ductile steel, Mag. 50 X.





Preparation Artifacts
Smearing 

• The plastic deformation of lager sample areas is called 
smearing. Instead of being cut, the material is pushed, 
moved across the surface. The reason is an incorrect 
application of abraive, lubricant or polishing cloth, or a 
combination of these, which makes the abrasive act as if it 
was blunt.There are three possibilities to avoid 
smearing:1.Lubricant: check the amount of lubricant, 
smearing often occurs at too low a lubricant level. If 
increase amount of lubricant. 2. Polishing cloth: Due the 
high resilience of th cloth the abrasive can be pressed too 
deep into the cloth and can not cut. Change cloth with 
lower resilience. 3. Abrasive: the diamond grain size might 
be to small, the prticles can penetrate into the material and 
because of that can not cut.



Preparation Artifacts
Staining 

Example: Stainning of sample, Mag. 100 X.





Preparation Artifacts
Staining 

• Staining is a discoloration of the sample 
surface, tipically because of contact with a 
foreign body. Staining is often seen after 
claning or etching samples. There is a gap 
between sample and resin, water, alcohol or 
etchant can bleed out of the gap during drying 
or even on the microscope. Areas on the 
sample surface can be discolored, and make 
the examination difficult or even impossible.



Preparation of Ceramics

• Ceramic materials are extremely hard and brittle 
and may contain pores. Sectioning must be 
performed using diamond blades. If the 
specimen is to be thermally etched, then it must 
be mounted in a resin that permits easy 
demounting, and vacuum infiltration of epoxy 
into the voids should not be done. Deformation 
and smearing are not problems with ceramics 
due to their inherent characteristics. But, it is 
possible to break out grains or produce cracking 
during preparation. 



Preparation of Ceramics

• Pullouts are a major problem to control as they can be 
misinterpreted as porosity. Mechanical preparation has 
been done successfully with laps, metal- bonded 
diamond discs, rigid grinding discs, or hard cloths. SiC 
paper is rather ineffective with most ceramics, as they 
are nearly as hard or as hard as the SiC abrasive. 
Consequently, diamond is commonly used for nearly all 
preparation steps. Automated preparation is highly 
recommended when preparing ceramic materials as very 
high forces arise between the specimen and the working 
surface, often too high for manual preparation.



Preparation of Electronic Materials

• The term, ‘microelectronic materials’ encompasses an 
extremely wide range of materials. This is due to the fact 
that most microelectronic devices are composites, 
containing any number of individual components. For 
example, present day microprocessor failure analysis 
might require the metallographer to precisely cross 
section through a silicon chip plated with multiple thin-
film layers of oxides, polymers, ductile metals such as 
copper or aluminum, and refractory metals such as 
tungsten and/or titanium-tungsten. In addition, the 
packaging of such a device might contain materials of 
such varying mechanical properties as toughened 
aluminum oxide and solder. 



Preparation of Electronic Materials

• The solder materials may have compositions 
ranging up to 97 % lead. With such a vast 
number of materials incorporated into a single 
device, and with these materials having such 
highly disparate mechanical properties, it is 
virtually impossible to develop a general method 
for achieving perfect metallographic results. 
Instead, we must focus on a few individual 
materials, and develop a philosophy of 
preparation in which we give our attention 
specifically to the materials of interest.



Preparation of Electronic Materials

• First and foremost in the class of ‘microelectronic 
materials’ is silicon. Silicon is a relatively hard, brittle 
material, which does not respond well to grinding with 
large silicon carbide abrasives. Silicon carbide papers 
contain strongly bonded abrasive particles which, when 
they collide with the leading edge of a piece of silicon, 
create significant impact damage. In addition, they 
create tensile stresses on the trailing edge of silicon, 
which results in deep and destructive cracking. Cutting 
close to the target area is preferable to grinding, but to 
accurately approach the target area within a silicon 
device, fine grinding is still necessary.



Preparation of Polymers

• Plastics and polymers are normally quite soft. 
Many different sectioning methods have been 
used. A sharp razor blade or scalpel, or even a 
pair of scissors, can be used. The precision saw 
produces excellent surfaces, while an abrasive 
cut-off saw yields a bit more damage and a 
rougher surface. Blades and wheels for 
sectioning polymers are available from the 
different manufacturers. Damage from 
sectioning is quite easy to remove.



Preparation of Polymers

• Surface quality can be degraded by abrasion from the 
debris produced during grinding and polishing. Mounted 
specimens are much easier to prepare than nonmounted 
specimens. Castable resins are preferred as the heat 
from a mounting press may damage or alter the structure 
of the specimen. However, there may be a visibility 
problem if a transparent, clear polymeric specimen is 
mounted in a clear, transparent epoxy. In this case, color 
resin, with its deep red color, will produce excellent color 
contrast between specimen and mount in darkfield or 
polarized light. Always use practices that minimize the 
exotherm during polymerization.



Preparation of Polymers

• Preparation of plastics and polymers for microstructural 
examination follows the same basic principles as for 
other materials. Rough grinding abrasives are 
unnecessary, even for the planar grinding step. 
Pressures should be lighter than used for most metals. 
Water is generally used as the coolant, although some 
plastics and polymers may react with water. In such 
cases, use a fluid that will not react with the particular 
plastic or polymer. Embedding can be a problem with 
plastics and polymers. ASTM E 2015 (Standard Guide 
for Preparation of Plastics and Polymeric Specimens for 
Microstructural Examination) describes additional 
procedures for preparing several types of plastics and 
polymers.



Preparation of Printed Circuit Boards
• The vast majority of printed circuit boards (PCB’s) are of 

a rigid variety, the bulk of which are composed of layers 
of woven glass fiber cloth in a polymeric matrix. Flex 
circuits, which are becoming quite common, do not 
typically contain glass fiber, but instead, their bulk is 
often composed of layers of polyimide. The circuitry in 
both types of boards is composed of plated and/or foil 
metal. The metal used is generally copper, while in a few 
cases, gold and/or nickel plating may be present. 
Furthermore, depending upon whether the boards have 
undergone assembly or shock testing, solders of various 
compositions might also be present. Luckily for the 
metallographer, the variety of materials present in PCB’s 
generally do not complicate the preparation methods due 
to the fact that extremely hard and brittle materials are 
not commonly found in the boards. This changes, 
however, when ‘packed’ boards with ceramic or 
semiconductor components must be sectioned.



Preparation of Sintered Carbides

• Sintered carbides are very hard materials made 
by the powder metallurgy process and may by 
reinforced with several types of MC-type 
carbides besides the usual tungsten carbide 
(WC). The binder phase is normally cobalt 
although minor use is made of nickel. Modern 
cutting tools are frequently coated with a variety 
of very hard phases, such as alumina, titanium 
carbide, titanium nitride and titanium 
carbonitride. Sectioning is normally performed 
with a precision saw, so surfaces are very good 
and rough abrasives are not usually required. 



Preparation of Thermally Spray Coated 

Specimens
• Thermally sprayed coatings (TSC) and thermal barrier 

coatings (TBC) are widely used on many metal 
substrates. Invariably, these coatings are not 100 % 
dense but contain several types of voids, such as 
porosity and linear detachments. Hot compression 
mounting is not recommended as the molding pressure 
can collapse the voids. Use a low-viscosity castable 
epoxy and use vacuum infiltration to fill the connected 
voids with epoxy. Fluorescent dyes, may be added to the 
epoxy. When viewed with fluorescent illumination, the 
epoxy-filled voids appear bright yellow green. This 
makes it easy to discriminate between dark holes and 
dark oxides, as would be seen with bright field 
illumination. Filling the pores with epoxy also makes it 
easier to keep the pore walls flat to the edge during 
preparation. Aside from this mounting requirement, TSC 
and TBC specimens are prepared using all of the factors 
needed for good edge retention.



Electrolytic Polishing 
Problem Solver 

• Defect: The centre of the specirnen is deeply 
attacked.
Probable cause: polishing film did not form in 
the centre if the specimen.
Suggest corrections:
1. Increase the voltage
2. Reduce stirring
3. Use a more viscous electrolyte



Electrolytic Polishing 
Problem Solver 

• Defect: Pitting and attack at the edge of the 
specimen.
Probable cause: Film too viscous or too thin.
Suggest corrections: 
1. Decrease the voltage
2. Increase stirring
3. Use a Iess viscous electrolyte



Electrolytic Polishing 
Problem Solver 

• Defect: Deposits on the surface.
Probable cause: Insoluble products of the 
anode.
Suggest corrections:
1. Choose a different electrolyte
2. Raise the temperature
3. Raise the voltage



Electrolytic Polishing 
Problem Solver 

• Defect: Rough or matt surface.
Probable cause: Polishing film is inadequate.
Suggest corrections:
1. Raise the voltage
2. Use a more viscous electrolyte



Electrolytic Polishing 
Problem Solver 

• Defect: Undulations or scrateches on the 
polished surface.
Probable cause:
1. Insufficient time
2. Inadequate stirring
3. Unsuitable preparation
4. Time too long
Suggest corrections:
1. Increase or decrease stirring
2. Improve the preparation
3. Raise the voltage while decreasing the time



Electrolytic Polishing 
Problem Solver 

• Defect: Stains on the polished surface.
Etch after switching off the current.
Suggest corrections:
1. Remove the specimen immediately when 
the current is switched off
2. Choose a Iess active eleclrolyte



Electrolytic Polishing 
Problem Solver 

• Defect: Places that have not been polished.
Probable cause: Gas bubles.
Suggest corrections:
1. Increase stirring

2. Decrease the voltage



Electrolytic Polishing 
Problem Solver 

• Defect: Phases in relief.
Probable cause: Polishing film is inadequate.
Suggest corrections:
1. Raise the coltage
2. Improve the preparation
3. Reduce the time



Electrolytic Polishing 
Problem Solver 

• Defect: Pitting.
Probable cause: 
1. Time too long
2. Voltage to high
Suggest corrections:
1. Improve the preparation
2. Lower the voltage
3. Decrease the time
4. Try various electrolytes



Suggestions for Handling Hazardous 
Materials 

• All chemicall, including many metals and 
oxides, pose some degree of danger to the 
human organism. This may come about by 
ingestion through the respiratory or digestive 
tracts or by external contact with the skin or 
eyes. Basically, the same precautions apply to 
the metallographic laboratory as to all 
chemical laboratories, except that certain 
specific areas are particularly critical. Some 
significant precautions are:



Suggestions for Handling Hazardous 
Materials 

• Clearly label all storage containers.

• Dilute concentrated chemicals before disposal 
and observe all local waste-disposal regulations.

• Critical substances (flammable, explosive, toxic, 
or corrosive) should be stored in approved 
containers in cool, fireproof, isolated areas.



Suggestions for Handling Hazardous 
Materials 

• Caustic materials, such as acids, bases, 
peroxides, and some salts should be handled 
only when wearing protective devices such as 
safety glasses, rubber gloves, and laboratory 
coats or aprons. Vapors of such materials are 
often harmful, too. Actual work should be 
carried out in an effective fume hood with an 
additional gas mask if evolution of toxic gases 
and vapors is suspected



Suggestions for Handling Hazardous 
Materials 

• When preparing etchants containing aggresive 
chemicals such as sulfuric acid, the chemical 
should always be added to the solvent (water, 
alcohol, etc.) slowly with gentle stirring. External 
cooling may also be required if haet evolution is 
particularly strong.

• Volatile, flammable and explosive materials, such 
as benzone, acetone, ether, perchlorate, nitrate, 
etc. should not be heated or kept near open 
flames.



Suggestions for Handling Hazardous 
Materials 

• When preparing microsections of toxic 
materials such as beryllium, and radioactive 
substances or alloys conrtaining uranium, 
thorium and plutonium, a glove box or hot cell 
must be used.



Suggestions for Handling Hazardous 
Materials 

• Perchloric acid in concentration exceeding 
60% is highly flammable and explosive. This 
danger is greatly increased by the presence of 
organic materials such bismuth, which oxides 
readily. Avoid the high concentration and 
heating of these solutions, particularly in 
electrolytic polishing and etching; never store 
high-concentration perhloric acid in plastic 
containers. 



Suggestions for Handling Hazardous 
Materials 

• When mixing perchloric acid and alcohol, 
highly explosive alkyl perchlorates may form. 
Perchloric acid should be added slowly under 
constant stirring. Keep the temperature of the 
solution below 35 degrees of Celsius and, if 
necessary, use a coolant bath. Wearing safety 
glasses is helpful, but working behind a safety 
shield is preferable.



Suggestions for Handling Hazardous 
Materials 

• Mixtures of alcohol and hydrochloric acid can 
react in various ways to produce aldehydes, 
fatty acids, explosive nitrogen compounds, 
etc. The tendency toward explosion increases 
with increasing molecule size. Hydrochloric 
acid content should not exceed 5% in ethanol 
or 35% in methanol. These mixtures should 
not be stored.



Suggestions for Handling Hazardous 
Materials 

• Mixtures of alcohol and phosphoric acid can 
result in the formation of esters, some of 
which are potent nerve poisons. If absorbed 
through the skin or inhaled, serve personal 
damage may result.



Suggestions for Handling Hazardous 
Materials 

• Mixtures of methanol and sulfuric acid may 
form dimethylene sulfate, an odorless, 
tasteless compound that may be fatal if 
absorbed in sufficient quantities into skin or 
respiratory tract. Even gas masks do not offer 
adequate protection. Sulfates of their higher 
alcohols, however, are not potentially 
dangerous poisons.



Suggestions for Handling Hazardous 
Materials 

• Mixtures of chromium (VI) oxide and organic 
materials are explosive. Mix with care and do 
not store.

• Lead and lead salts are highly toxic, and the 
damage produced is cumulative. Care is also 
recommended when handling cadmium, 
thallium, nickel, mercury and other heavy 
metals.



Suggestions for Handling Hazardous 
Materials 

• All cyanide compounds (CN) are highly 
dangerous becaouse hydrocyanic acid (HCN) 
may easily form. They are fast-acting poisons 
taht can cause death, even in relatively low 
concentrations.



Suggestions for Handling Hazardous 
Materials 

• Hydrofluoric acid is a very strong skin and 
respiratory poison that is hard to control. It 
should be handled with extreme care, because 
sores resulting from its attack on skin do not heal 
readily. Hydrofluoric acid also attack glass, and 
fumes from specimen etched in HF solution could 
easily damage front element of microscope 
lenses. Specimen should be rinsed throughly and 
some cases placed in a vacuum desiccator for one 
or two hours before examination.

• Picric acid anhydride is an explosive.



ASTM Sample Preparation Standards 

E7-96 Metallography 

E3-95 Preparation of Metallographic Specimens

E340-95 Macroetching Metals and Alloys

E381-94 Macroetch Testing Steel Bars, Billets, Blooms, and Forgings

E807-96 Metallographic Laboratory Evaluation

A561-71(1985) Macrotech Testing of Tool Steel Bars

A604-93 Macroetch Testing of Consumable Electrode Remelted 
Steel Bars and Billets 

F1049-95 Shallow Etch Pit Detection on Silicon Wafers 



ASTM Sample Preparation Standards 

F1404-92 Crystallographic Perfection of Gallium Arsenide by Molten 
Potassium Hydroxide (KOH) Etch Technique 

F416-94 Detection of Oxidation Induced Defects in Polished Silicon Wafers 

F47-94 Crystallographic Perfection of Silicon by Preferential Etch 
Techniques 

F80-94 Crystallographic Perfection of Epitaxial Deposits of Silicon by 
Etching Techniques 

F950-88(1993)e1 Measuring the Depth of Crystal Damage of a 
Mechanically Worked Silicon Slice Surface by Angle Polishing and Defect 
Etching 

D5671-95 Polishing and Etching Coal Samples for Microscopical Analysis by 
Reflected Light.



Etching and Other Terms



















































































































































































General comparison of castable
(cold-mounting) resins



Sample holders for semiautomatic polishing machines. 
(a) Nonfixed holder. (b) Fixed (rigid) holder



Arrangement of specimen mounts in a rigid (fixed) sample holder



Dual-specimen mount for a nonfixed
sample holder



Typical problems of compression mounting materials



Typical problems of compression 
mounting materials



Typical problems of castable mounting materials



Typical problems of castable mounting materials



Examples of special mount arrangements. (a) Sheet placed next to the specimen in an epoxy
mount for edge retention. (b) Epoxy mount with rod at each quadrant for specimen flatness and edge

retention. (c) Mount with an L-shaped strip to indicate specimen orientation. (d) V-shaped metal strip in
a mount to indicate orientation. (e) Epoxy mounts with binder clips to hold the specimen perpendicular

to the polished surface. (f) Mount with sheet specimens separated by double-sided tape at the ends.



Heat Tinting

• Oxide films can be formed by heat tinting. The polished 
specimen is heated in an oxidizing atmosphere.

• Coloration of the surface takes place at different rates 
according to the reaction characteristics of different
microstructural elements under the given conditions of 
atmosphere and temperature. The thickness of the film 
is influenced by differences in chemical composition 
and crystallographic orientation, and the observed
interference colors allow the distinction of different 
phases and grains.



Heat Tinting

• Different metals require different oxidation durations and 
temperatures. High temperatures may induce phase
transformations on the surface, an effect that sometimes 
limits application of this technique. Some specimens may 
oxidize after exposure to ambient atmospheres. This was 
demonstrated during research on uraniumzirconium alloys 
(Ref 10). A U-14Zr (at.%) alloy was oxidized 40 min at 900 °C 
(1650 °F). Several conventional etching techniques were 
used without success to reveal the characteristics of the 
oxide/metallic interface. However, after exposing the 
specimen to ambient atmosphere for 48 h, a thin 
zirconium-rich layer with slender fingerlike penetrations 
into the bulk oxide was visible at 2000×.



Heat Tinting

• Heat tinting can also be performed using a more 
sophisticated procedure in which temperature 
and oxidation are closely monitored in an 
enclosed system. This procedure has been used in 
studies of surface reactions of single crystals (Ref 
11). Heat tinting is also be preceded by chemical 
etching to reveal grain and phase boundaries. 
This has proved successful with uranium alloys, 
uranium carbides (Ref 12, 13), zirconium and its
alloys, high-speed tool steels, and austenitic 
stainless steel weldments.



Color Etching

• Color etching, also commonly referred to as tint 
etching, has been used to color many metals and 
alloys, such as cast irons, steels, stainless steels, 
nickel-base alloys, copper-base alloys, 
molybdenum, tungsten, lead, tin, and zinc. 
Satisfactory color, or tint, etchants are balanced 
chemically to produce a stable film on the 
specimen surface. This is contrary to ordinary 
chemical etching (discussed in the section 
“Etching” of this article), when the corrosion 
products produced during etching are redissolved
into the etchant.



Color Etching
• Immersion color etchants that produce color contrast are 

associated with Klemm and Beraha, whose work is described 
in Ref 14 and 15. Color etchants work by immersion, never by 
swabbing, which would prevent film formation. Externally 
applied potentials are not used. Color etchants have been 
classified as anodic, cathodic, or complex systems, depending 
on the nature of the film precipitation (Ref 2). Tint etchants 
generally color one anodic phase. Some success has been 
attained in developing color etchants for steels that are 
selective to the phases that are normally cathodic. However, 
most tint etchants color the anodic phases. Color etchants are
usually acidic solutions, using water or alcohol as the solvent. 
They have been developed to deposit a 0.04 to 0.5 μm (1.6 to 
19.7 μin.) thick film of an oxide, sulfide, complex molybdate, 
elemental selenium, or chromate on the specimen surface.



Color Etching
• The colors produced by color (tint) etchants are visible under 

bright-field illumination, and in many cases further 
enhancement is attained using polarized light. Colors are 
developed by interference in the same manner as with heat 
tinting or vacuum deposition. As noted, color is determined 
by the thickness of the film, usually in the sequence of yellow, 
red, violet, blue, and green when viewed using white light. 
With anodic systems, the film forms only over the anodic 
phase, but its thickness can vary with the crystallographic 
orientation of the phase. For cathodic systems, because the 
film thickness over the cathodic phase is generally consistent, 
only one color is produced, which will vary as the film grows 
during etching. Therefore, to obtain the same color each time, 
the etching duration must be constant. This can be 
accomplished by timing the etch and observing the 
macroscopic color of the specimen during staining.



Color Etching

• Specimens for color etching must be carefully 
prepared during polishing. Control of scratches is 
the most challenging difficulty, particularly for 
alloys such as brass. Scratches are often observed 
after color etching, even if the specimen 
appeared to be free of scratches before polishing. 
This is a common problem with techniques that 
use interference effects to produce an image. 
However, preparation is carried out in virtually 
the same way as for specimens that would be 
chemically etched, but greater attention must be 
given to fine scratch removal.



Color Etching

• Color etchants have been developed that deposit 
a thin sulfide film over a wide range of metals, 
such as cast irons, steels, stainless steels, nickel-
base alloys, copper, and copper alloys. These 
films are produced in two ways. For reagents 
containing potassium metabisulfite (K2S2O5) or 
sodium metabisulfite (Na2S2O5), the iron, nickel, 
or cobalt cation in the sulfide film originates from 
the specimen, and the sulfide anion derives from 
the reagent after decomposition.



Color Etching



Color Etching



Color Etching

• The second type of film is produced by a metal-thiosulfate complex 
in the reagent that consists of an aqueous solution of sodium 
thiosulfate (Na2S2O3·5H2O), citric acid (organic acid), and lead 
acetate (Pb(C2H3O2)2) or cadmium chloride (CdCl2) (metal salt). In 
such etchants, the specimen acts as the catalyst, and the film 
formed is lead sulfide (PbS) or cadium sulfide (CdS). These reagents 
color only the anodic constituents; the film is not formed over the 
cathodic features. Color etchants that use reduction of the 
molybdate ion have also been developed (Ref 17). Sodium 
molybdate (Na2MoO4·2H2O) is used. Molybdenum in the 
molybdate ion, Mo has a valence of +6. In the presence of suitable 
reducing compounds, it can be partially reduced to +4. A dilute (1%) 
aqueous solution of Na2MoO4·2H2O is made acidic by the addition 
of a small amount of nitric acid (HNO3). This produces molybdic
acid (H2MoO4). Addition of a strong reducing agent, such as iron 
sulfate (FeSO4), colors the solution brown.



Fe-1C alloy etched with acidified 1 g Na2MoO4 in 100 mL H2O to color the 
cathodic cementite. The cementite in the pearlite is blue; grain-boundary 

cementite is violet. 500×. (G.F. Vander Voort)







Plasma Etching

• Plasma etching is a process similar to sputter coating -
commonly employed for depositing conductive films for 
SEM inspection. However the process is working in 
reverse with the specimen forming the cathode in the 
vacuum reaction cell. High voltage is applied between 
the anode and cathode which oppose each other with a 
small gap between. The cathode is the 'target' on which 
the sample is placed. Gas, usually an inert gas such as 
argon is leaked under controlled conditions into the 
vacuum. The gas atoms become positively ionized in the 
high electrostatic field between the electrodes. 



Plasma Etching

• The positively charged gas ions accelerate 
toward the cathode and bombard the sample, 
eroding the surface in the process. There are 
many different suppliers and models of plasma 
etching equipment on the market. Those with 
low power rating are generally referred to as 
cleaners, whereas those with higher power or 
wattage are termed etchers. Plasma etching 
should generally be used as a means of 
cleaning or improving a mechanically or 
electrolytically prepared surface.


