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)




Fis, 4.1 Herry Qikon Sorby the father of metallography



Macrograph of the Elbogen iron meteorite prepared in 1808 by
Widmanstatten 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 papere.




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




George F. Vander Voort
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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

e Half-life
e 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

~ormability
Machinability
Weldability



Comparison of some properties
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Comparison of some properties
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Comparison of some properties
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Comparison of some properties
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Figure 1.6 Bar-chart of room-temperature resistance to fracture (i.e., fracture toughness)
for various metals, ceramics, polymers, and composite materials. (Reprinted from Engineering
Materials 1: An Introduction to Properties, Applications and Design, third edition, M. E. Ashby
and D. R. H. Jones, pages 177 and 178, Copyright 2005, with permission from Elsevier.)



Comparison of some properties

Figure 1.7
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Figure L. Famhar
objects that are
made of metals and
metal alloys: (from
left to right)
silverware (fork and
knife), scissors, coins,
a gear, a wedding
ring, and a nut and
bolt. (Photograpy by
S. Tanner.)



Engineering design as a part of the product realization process
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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.
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The role played by material properties in the selection of materials
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What is Microstructure.?

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

e 1. Microstructure
e 2. Macrostructure
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Spherulites

Grain size, single-phase crystalline material
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[~ Human vision {macrostructure)
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Selected-area x-ray methods (crystal structure)

I~ X-ray topography (crystal imperfections)

Optical microscope (microstructure)

- Electron microprobe (composition)
Microhardness (mechanical)

Scanning electron microscope {composition)

Selected-area electron diffraction
(crystal structure and orientation)

Nancindenter (mechanical)

Scanning electron microscope (surface topography)
- Electron energy-loss spectroscopy
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Scanning transmission electron microscope
(composition)
Atornic force and scanning tunneling microscope
(surface structure)

Transmission electron microscope {structure)
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Figure 6.1 (a) Size scale relating structural features of materials to experimental
techniques for structural observation (after Allen and Bever, 1986, p. 4700).
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olling

— B~

Wire drawing Extrusion Deep drawing

Stretch forming

Bending Shearing

Figure 6.8 Illustration of deformation processing operations. Deforming material is
indicated by shading (Dieter, 1986, p. 504).



Typical length scale Structural feature

10 em Macrostructure
of forging
0.1 mm Grain stru.cture
10 pum Single grain
0.2 um Dislocation cells
10 nm Individual dislocations
5 A Atoms/crystal structure
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Figure 6.2 Hicrarchical structure in metal forging (American Society for
Materials. 1988. Vol. 14. p. 367).



Transverse direction (TD)

Rolling direction (RD)

()

{h) {¢)
Figure 6.10 (a) Grain shape anisotropies induced by rolling deformation. (b) Op-
tical micrographs llustrating grain shape in Jow-carbon steel cold-rolled to 65%: in
thickness. (¢) Transmission electron micrographs reveal shape anisotropy of dislo-
cation cells in rolled steel. (American Society for Materials, 1973, Vol. 7. p. 220).









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
Sawin
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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e 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

Good Cut Hot Damaged
Surface Surface

Abraeive Cutting




Fig. 2 Typical abrasive cutter. (Buehler Ltd.)






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
Blroperly which causes the abrasive to become

unt.

« 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

"here 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

e 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
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Abrasive-Wheel Cutting

e 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

Abrasive Blade Selection Guidelimnes Chart

Materials [alloys) Classification [ Abrasive/Bond
Aluminum, brass, zinc, efc. Soft mon-ferrous [ SIC/Roled rubber
Heal treated alloys Hard non-ferrous | Alurnina/Fubber resin
< Rc 4% stee =oft ferrous | Alurmina/Rubber resin
= Hc 45 siee Hard ferrous | Alurnina/Rubber resin
Superaloys High M-Cr alloys | SiC/Rofed rubber




Diamond Wafer Blade Selection
Guidelines

Diamond Wafer Blade Selection Guidelines

Blade [griticonc.)

Material Characteristic Speed (rpm) Load [grams)
Silicon subsirate soft'brittle = 300 < 100 Finellow
Zallium arsende soft/brttle = 200 = 100 Finelow
Horon composites wvery brittle 200 250 Finellow
Ceramic fiber : - - —
very orittle 200 250 Finellow

composites




Typical low-speed diamond saw
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Sketch showing depth of grinding scratches below the surface of a specimen
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Depth of deformation in different
metals due to cutting method.
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Sawing

e 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.

e 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

* 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

e 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 hlgh 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 diametersof 1,1 1/4and 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

Compression Mounting Resin Properties

Note Phenolics Acrylics i ﬂé";ﬁﬁed] Diallyl Phthalates

Cost Lo Moderate Moderate Moderate
Ease of use Excellent Moderate Good [ Good
Axailability of colors Yes Mo Mo Mo
Cycle times Excellent Maoderate Good [ Good

Edge retention Fair Good Excellent Excellent
I Clarty Mone Excellent Mone [ Maone
I Haroness Low Good High High




Mounting of Specimens

Resin Phenolic Acrylic Epoxy Diallyl Phthalate
Fiormm Granular Fowder Granular Granular
Specific gravity 14 0.25 1.75-2.05 1.7-18
I:QN."GI'ﬁE':I
Black, Red, -
Colors Green Cl=ar Black Blus
Shrinkage
(compressicn j(infin) 0.006 - 0.001-0.003 0.001-0.002
Coefficient of Linzar
Thermal Expansion 50 - 28 19
(inC 10°6)
Glycol, Alcohol, dilute
. petrochemicals, acids & Sohvents, acids, Sohents, acids,
Ghemical resistance salvenis, some alkalies, and alkalies alkalies
acids and bases pEidizers
Molding temperature 150°-165°C i 143°-177°C 160°-177°C
g FEmE (300°-330°F) (290°-350°F) | (320°-350°F)
. 21-2E Mpa ) 17-28 MPA 24-41 MPA
Molding pressure | o020 4000 psi) (2500-4000 psi) | (2500-8000 psi)
Hardness Fockwell ME3 Barcol 72 -
Curing time

{1/2" mount @ temp.)
and pressure)

BO-120 seconds

2-4 minutes

0120 seconds

20120 seconds




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.

e 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.




Castable Mounting Resin Properties

Mounting of Specimens
Cold Mounting

transparent

some shrinkage

Maote EPQXY ACRYLIC POLYCAST Resin
- Epoxy resin and I : . ) Polyester resin and
ype hardener Acrylic resin and powde hardener
Peak Temperature 82° F 80° F 100° F
Shore O Hardness g2 a0 i
Cure Time 6-3 hours 5-8 minutes 6-8 hours
Moderate hardness, |, . ) o
Comments ow shrinkage, Very fast curt, ranslucent, Transparent, clear




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.

\
§' B R &

(a) (b) (c) (d)



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
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Figure 1.20 Cold mounted specimens: (a) mounted with polyester; (b) mounted with acrylic: and (c)
mounted with acrylic and mineral fillers. (Reproduced with permission of Struers A/S.)



Hot Sample Mounting

« Hot mounting uses a thermosetting
compound, cured In a mounting press
which exerts both heat and high pressure.

his 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.




~__ Heaiting
element

Hot press

powder

Specimen



Hot Sample Mounting




Hot Sample Mounting

« Technigues 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
(200° 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 foll 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.
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Grinding Mediums
Hand Grinding
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Automatic grinding
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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

* Asin 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

pecome embedded between adjacent abrasive

oarticles. Thus the sharp edges of the abrasive
narticle remain exposed to the surface of the
specimen throughout the operation.




Grinding

e |f the sharp edges are unexposed the result is

S

mearing of the abraded surface rather then

removal of surface metal. The operator must

C
t
t
S

etermine, by examining the specimen
nroughout the sequence of grinding steps, that

ne abrasive is actually cutting and not merely
mearing 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
sqguence 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

e 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 (Al203), emery (Al203 - Fe304),
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.

* Emeryis an impure, fine-grained variety of natural
corundum containing 25 to 45 admixed iron oxide. The

hardness of emery
particles have muc
silicon carbide or a

is Mohs 8.0. Emery abrasive
h smoother surfcaes than either
uminium oxide abrasive paerticles.

For this reason, emery particles do not feel as coarse as

silicon carbide or a
equivalent grit size

uminium oxide particles of
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
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Figure 1.22  Hand grinding procedure.
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‘Table I

SILICON CARBIDE, ALUMINUM OXIDE, GARNEI

Particle Size (AV. um)

Grit No.

USA . FEPA* L
Sieve Series Commermal F- Senes P- Senee
50 350 024
60 270 — 274
. 80 190 -194
+ 120 115 115
150 80 97
180 70 81
1220 62 58
7240 . 54 49 49.3 58.5
280 35 41 41.0 52.2
320 29 34 34.4 46.2 _
400 23 . 29 23.0 35.0
600 17 20 14.3 22.8

| *Federation Europeane des Fabricants

1 des Prodults Abrasifs

\_1

¥



_ Table III. .
DIAMOND PASTES )

Micronh Size* ~ Size Range = Mesh Equivalent

(um) (wm) . (Approx.)
1/10** ° 0-1/0 F  uvesese -
1/4** - 0-1/2 100,000
1/2 0-1 60,000
1 - 0-2 14,000
3 2-4 . 8,000 °
6 4.8 3,000
9 8-12 1,800
15 12- ’ v Ly A
30 22 -5 w0
45 36-54 32°
60 54-80 £30 - 325
gosex | ... 170 -°230

* National*Bureau Standards
*+ Ultra fine grades, not cov.red by NBS
k+** ANSI B 74.16 - 1971, not covered by NBS

»~



Table II.

. EMERY
Grit Non Fvucle Siz. (& V. um)

. | 85 ~
| 70
1 50
10 - 33
~2/0 | 30
4 28
4/0 29




" Table'IV.
A. POLISHING-POWDERS

Tyje Particle Size = Application
(zm) .
Canrn.a Alumina 0.05° Final Polishing
Alpha Alumina 0.3 Final Polishi .g
Alpha Alumina 1.0 Rough and/or
" Final Pol'shir
Magnesitiim Oxide 20 =

B. POLISHING SUSPENS NS
Particle 8" .

. Type

L)

Final Polighin, i

3

- _ plication

Levigated Alumina
Gamma Alumina _
A'’pha Alumina

Chrome Oxiae ¢
Chror .e Oxi,de
Cn.o ne Oxide*

Cer'_ =1 Oxide**

%
0.0
-0
» .VC

0.05
0.05

~* F 1ishing
1.nal Po * hing
Rough ana or
Final I olishing
nough Polishing.
T ‘rndl Polishirg
Ping. Pe -« Yi=p
Final Poli hing:

4 - .
* Trade Nar e CRO,
€r ome Oxide / Cerium Ox.de Blend
** Tyade Name Finish-Pol,
Cerium Oxide / Aluminm Oxide Blend

- -
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Figure 1.23 Sample of specimen surfaces after grinding and polishing with abrasives of differ-
ent grts and size. (Reproduced with permission of ASM International®. All Rights Reserved.

www.asminternational.org. G.F. Vander Voort, Metallography Principles and Practice, McGraw-Hill.
New York. © 1984 ASM International®.)



Figure 1.24 Polishing on a rotating wheel with a mechanical sample holder. (Reproduced with permis-
sion of Struers A/S.)



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
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Grinding
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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 iIs 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

Head Base Relative Characteristic Application
Speed Speed Velocity
(rpm) (rpm) Distribution
Agagressive stock o Lseful for
150 300 to 600 High remaoval aross
Differential grinding removal on
across the specimen hard
surface specimens
Matching head and o Provides
150 150 Minimal base speed in the same supenor

direction eliminates
relative velocity
distributions

Uniform stock removal
Low stock removal
Produces minimal
damage

flainess over
the specimen

e seful for
retaining
inclusions
and britte
phases




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
rom 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 a
INto t

porasive should be through the coating and
ne substrate. Conversely, for brittle

substrates with ductile coatings, the direction of

the a

orasive should be through the brittle

substrate into the ductile coating.



Grinding
Hand Grinding



GGrindino

Grit Number
60 &0 250
a0 80 180
100 100 150
120 120 106
150 150 a0
180 180 75
220 220 3
P240 240 5
P280 522
Faz0 2a0 46.2
P3s0 320 A05
P400 15
F500 360 30.2
PG00 400 2575
P8O0 21.8
F1000 500 183
P1200 600 153
P2400 200 5.5
P4000 1200 25




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 Iin 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

* |s agrinding 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
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Sketch showing depth of grinding scratches below the surface of a specimen

Contours of
Equal Deformation ‘E’ J
—
1
7

-
[

Depth

I
|
I
o * []
i
/

Undeformed Region




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
guantitative. 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

Mechanical pulmn@

Diamond polish
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Diamond polighing may
Izave residual strain or
damage after etching




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

 |f 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

e 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 (Al203),
magnesium oxide (MgO), chromic oxide (Cr203),
iron oxide (Fe203), 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

e 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

* |f carbonate is present, the polishing cloth
must be replaced or treated in acidified
destilled water (2% HCI 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



http://www2.arnes.si/~sgszmera1/others/help/etching.html
http://www2.arnes.si/~sgszmera1/others/help/etching.html
http://www2.arnes.si/~sgszmera1/others/help/etching.html
http://www2.arnes.si/~sgszmera1/others/help/etching.html
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Figure 1.26 Contrast generated by etching grain boundaries in light microscope: (a) reflection from
different parts of a surface (Reproduced with permission from W.J. Callister Jr., Materials Science and
Engineering: An Introduction. Tth ed., John Wiley & Sons Inc., New York. © 2006 John Wiley & Sons
Inc.): and (b) micrograph of grain boundaries which appear as dark lines. (Contribution of the National
[nstitute of Standards and Technology.)
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Sample Preparation
Etching

e 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
nooks which discuss the relationship between
0H and Eh (oxidation/reduction potentials), often
Known as Eh-pH diagrams or Pourbaix
diagrams. Over the years numerous chemical
etchants have been formulated.




Common Chemical Eichants

Etchant Composition Cone. Conditions Comments
Distilled water 180 mil 10-20 second
Mitric acid S mil immersion. Use
Kellers Eich Hydrochloric acid A mil anly frash
Hydrofluoric acid 2mil etchant
Distilled water 2 m
Kroll's Reagent | Mitric acid @ mil 18 s=conds
Hydrofluoric acid 2mil
Nital Ethanal 100 mil Seconds fo
fa Mitric acid 1-10 mil minuies
Distilled water 40 m Immerse or
C hloride {CuCl,)
Kallings SRRETE .Fn E_ UMz 2 grams swalb for few
Reagent Hydrochloric acia 40 m seconds to a few
Ethanal (85%) or Methancl 40-20ml Iminutes
(953
Lepito's Acetic acid S0 m
Reagent Nitri¢ acid S0m Swab
arblee Distilled Water 50m mmersien or
Reagent Ey‘crﬂchlcrrlf:taeclc ‘1'3 m etching for a few
opper sulfa grams | ds
Distilled Water 100 ml Immerse or IUse fresh
Murakami KzFe(CN)g 10 grams | swab for
Reagent MWalH or KOH 10 grams | s=conds to
minutes
Co not let
- Ethanal 100 mil Seconds to etchani
Picral - . -
Pizric acid 2-4 grams |minuies crysialize or dry
-explosive
Glycero 45 m
Vilella's Reagent | Nitric acid 15 m SEGT“ o
Hydrochloric acid 30 m rinuEes




Guide to Acid Concentrations

Acidl Base Specific gravity Acid concentration
Mitric (HWNG,] 14 68-70%
Hydrofluoric (HF) 40%

Hydrochloric (HCI) 37-28%

A niurn H id

I:rl-l'11_'1;§|_:|_.lll'|'| ydroxide 35




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++,
/n++ , 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

e 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

* |n 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

Common Electrochemical Etchants

Application Etchant Conditions Comments
Stainless stesl cathode
Wrought stainless | ., srated NHAOH @ welts OC General
steel = EnEEnirElEd Room femperaturs structure
20-80 seconds
100 mil Distilled water 3.6 walts O Attacks
Austenitic carbides
stainless steels and =sigma
10 gram CrQ5 560 seconds :-haaeg
Copper and 3-14% H, PO, 1-4 volts DC Copper and
copper alloys (Cu) | Remainder water 10 seconds Drass

Titanium (pure]

25 ml Distilled water

280 ml Methanol (B5%)
Ethylens glyco

25 ml perchloric acid (70%)

Stainless stesl cathode
20-50 wolts DC

510 °C {40-50 °F)
10-40 seconds

Titanium carbide
(TiC)

10 ml Distilled water
2 grams potassium hydrozide

7t cathode
2 wolts DC

20-80 mA/em?
2-30 seconds

Wrought Fe-Ni-Cr

Stainless stesl cathode

Room femperaturs

100 mil Distilled water 5. g OC G
Heat resisting £ oram CrO - m.."":'l'f :r"” "’_E'-'E[al
alloys (Fe) =g il 5-20 seconds structure
Room temperaturs
Pt or stainless steel e
Steel 10 grams Chromic acid cathode _""3 b'd'fl:nd
EEl= 100 ml Distilled water 3-6 volts DC ;f;ﬁf,”
560 seconds g
Nimonic allovs 45 paris Hydrochloric acid Stainless siesl G:-I.1hD::|Eﬁ Mimonic
N ¥ 15 paris Mitric acid 2-4 yolts DC, 0.5 Afdm* P
40 parts ghycerol 515 seconds
. . Stainless ste=l cathode ~
. 00 ml Distilled water Seneral
F . il
Stainless Steels 10 grams oxalic acid 6 voits DC structure




Sample Preparation
Physical Etching

e 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

e 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
technigue 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 technigues. Some
common molten salts are listed in the following
table.



Common Molten Salt Etchants

Common Molten Salt Etchants

II.I'-'I.p-p lication Etchant I Conditions Comments
Crols, Celly, o -
Al Eﬂﬁ : Potassum hydrogen sulfate meht ;{Emn'::ﬁ EiEE Tozic

23 ) =
ALy, Al,Si0 Potassium hydrogen fluonde melt :tﬁ]mni:ﬁ EiEE Toxic

- S o bi £ : :
IE'SHJ Sodwm or potassium bicarbonate ‘ 0 minutes Toxic

melt




Thermal Etching

* Thermal etchingis a useful etching
technique for ceramic materials. Thermal
etching Is technigue 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 technigques.




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

Common Thermal Etching Conditions

15 minutes

Application Conditions Comments
- Vacuum (< 107 Torr)
Sic 1200 *C (2200 °F)
10 Toer
ua, 1800 °C (2800 °F)
1 hour
_ Vacuum (< 107 Torr)
SigNy 1250 °C {2282 °F)




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
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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
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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 adeqguate 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
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Mechanism of electrolytic polishing

Polishing film Surface to be polished

Workpiece




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

Etching Polishing

Current density
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Single-electrode potential



Cell voltage as a function of anode current density for electropolishing
copper in ortho-H3P0O4 (900 g per 1000 mL H20),
using a potentiometric circuit
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Cell voltage as a function of anode current density for electropolishing
copper in ortho-H3P0O4 (900 g per 1000 mL H20),
using a potentiometric circuit
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Typical electrical circuits and equipment setups used for electropolishing.
(a) Potentiometric circuit (for low current densities).
(b) Series circuit (for high current densities)
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Basic laboratory setup for electropolishing and electrolytic etching

Voltmeter Milhammeter
oM® @
Sheet
Glass beaker cathode
containing the Specimen

(anode) Vanable
resistor

\/ iz

electrolyte

SR Cooling bath
S (cracked ice)

Knife switch \‘ \‘

110 V dc

Magnetic
stirrer




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
ow-boiling-point liquids, then placed and a
not-air drier for sufficient time to vaporize
iquids remaining in cracks and pores.




Sample Preparation
Specimen Storage

* When polished and etched specimens are to
oe stored for long periods of time, they must
oe 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

Method Definttion

Anodic etching Reveals the nucrostructure by selective anodic dissolution of the polished surface using
a DC current. Vanation with layer formation: anodizimg

Attack polishing Smultaneons etchme while mechamcal polishmpe

Cathodic etching See jon efching.

Cold etching Reveals the microstruchure at room temperature and below

Conirolled etching  Electrolytic etching with selection of smtable etchant and voltage, resulting in a balance
between current and dissolved metal 1ons

Crystal figure Dhzcontimmity m etchmg dependmg on crystal onentation Dhistinctive sectional figures

etching form at polished surface. Closely related to dislocation efching

Deep etching Macroeichmg, especially for steels, to deternmne the owverall character of the material
(presence of imperfections such as seam defects, rolling defects, forgmg bursts,
remnant shnnkape vouds, cracks, and conng)

Dislocation etching  Reveals exit points of dislocations on the sample surface. Etching of dislocations 1z
cansed by thewr strain field rangmmg over a distance of several atoms. Crystal fipures
(etch pits) are formed at the exiting points. For example, etch pits for cubic matenals
are cube faced.

Dissolution etching  BReveals the microstructure by surface remowal

Double eiching Two etchants are nsed sequentally, the second one will accentuate a particular
microstroctural feature.

Drop etching Placmg a drop of an etchant on a selected area of the sample surface to develop the

alloying microconstituents (drp reaction)




Definitions of etching methods

| Dry etching Dwelnpsthemlmstmﬂureh\rgnsmmexpﬂsnre
Electrochemical General term for revealmg the microstructuore by redox reactions
{chemical etching)
ic etching  See anodic siching.

Eich rinsing

Pourmg the etchant over a filted sample surface until the strocture 15 revealed. Used for
etching with severe gas evolotion

Eutectic cell etching Reveals eutectic prams (cells)

Grain-boundary Reveals the mtersections of mdnndual prams. Gram boundanes have a higher

etching diszolution potenhal than the individnal prains becanse of ther lngh density of
stroctural defects. Accunmlation of impuribes m pram boundanes mereases this effect.

Grain-contrast Etching the surface of the grams accordmg to their crystal onentation. They become

etching distmct by the different reflechvity cansed by reaction layers or surface ronghness.

Heat tinting Formation of interference colors m air or other gases. usnally at elevated temperature

Hot etching Development and stabihization of the mucrostructure at elevated temperatore in etchmg
solotions or gases

Identification Etching for the idenhification of particular microconstitnents without attackmg any

{selective) etching others

Immersion eiching The sample 1z mmersed 1n the etchant with the pohshed surface up and 13 agitated This

15 the most common etching method.




Definitions of etching methods

Immersion etching Alternate immerzion into two etchamts: 1, the actnal etchant; 2, solition to dissolve the

{cyclic) layer formed durmg the etchimg process of 1

Ion etching Surface removal by bombardment with accelerated 1ons m a vacomm (1 to 10 kW)

Long-term etching  Eiching tmes of a few mmmutes to several hours

Macroeiching Reveals the macrostructure for the exammnation with the unaided eye or at a
marmfication of 30 or less

Microetching Reveals the nucrostructure for omeroscopic observation at a magmfication of 0= or
higher

Multiple etching A sample 12 etched sequenhally with specific etchants to reveal certain constiments.

Network etching Formation of networks (subgrain boundanes), especially in nmld steels after etching m
mimnc acid

Optical etching Develops the microstrocture by nsmg special dlummation techmques (dark-field, phase
conirast, interference conirast, polanzed light)

Physical etching Develops the microstrocture through removal of surface atoms or lowenng the gram
surface potential

Plasma etching High-frequency electromagnetic vibrabons produce radicals m a gas mixture that react
with the sample sorface and cause 1t removal

Potentiostatic Anodic development of the micTostructure at a constant potenhal enables a defimed

etching etching of singular phases.

Precipitation Develops the microstrocture by the formation of reaction products at the sample surface

giching

Primary etching Develops the cast mcrostroctures meludmg conng

Print etching A camer matenal 13 soaked with an efchmg solofion and 15 pressed onto the sample

{printing) surface. The efchant reacts with one of the microstructural constituents forming

substances that affect the camer matenial  The result 13 a direct imprimt a3 a hfe-size
image. It 15 nsed for the idenbhfication of specific elements. for example, sulfur




Definitions of etching methods
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Secomlary eiching  Develops the mictostroctures that differ from primary structures through transformation
and heat treatment m the sohd state

Segregation (coring) Develops segregation (conng) mainly m macrostroctores and microstroctures of

giching castmgs

Short-term etching Etching time of seconds to a few mumtes

Shrink etching Produces a precipiiate coafing on the gram surfaces and shninks upon drying, generatmg
cracks. Crack onentation depends on the undertying crystal structore.

Staining Precipitation etching that causes contrast by distimctive stammg of microconstitnents;
chfferent mierference colors ongmate from surface layers of varymg thickness.
Identifies mhomogenertes

Strain etching Reveals regions of high deformation within undeformed areas. Stramned areas show
increased segregations of precipitates.

Swabbing Wipmg the sample surface with cotton saturated with the etchant; this wall

Thermal etching Armealmg the specimen in a vacuum or mert atmosphere. This 15 a prefemred techmique
for mgh-temperature nmcroscopy and for ceramics.

Wei etching The sample surface has been wetted before immersion wto the etching solution. Thas 12

importani when using color etchants.

See swabbing.




Preparation Artifacts

e Cracks

e Comet Tails

* Contamination

e Deformation
 Edge Rounding

e Embedded Abrasive

* Gaps

* Lapping Tracks
* Porosity
 Pull-Outs

* Relief

e Scratches
e 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

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



Cracks

Example: Crack between plasma spray coating and the
substrate. Mag. 500 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

* |f 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.



Comet Tails

Example: Comet tails, Mag. 200 X, DIC,



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 otco
polishing process. Artifacts suc
tails, pull-outs, and edge rounc

me of the
N as commt
ing can be

attributed to an imbalance in t

ne dynamics.



Preparation Artifacts
Contamination

Example: Al203 particles from previous preparation is
deposited on surface of the sample, Mag. 200 X.



)
>

Example;: Copper from a previous preparation is deposited on
the 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

e

||||||||

......

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



Example: Sharp deformation ines on sample, Mag. 200 X, DIC.



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.



Edge Rounding

Example: Duo 10 3 gap between resin and sample the edge
s rounded, Mag. 500 X



Preparation Artifacts
Edge Rounding

e 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.
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Example: Gap between rosin 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.



Lapping Tracks

Example: Lapping tracks on Zicalloy, 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.



Example: Superalioy after 5 min polishing, Mag. 500 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

Example: Inclusions pulled out, Mag. 100 X.



Pull-Outs

Example: Inclusions pulled out. Scratches orginating from
the pulled out inclusions can be seen, Mag. 100 X, DIiC



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

orittle materials, and in materials with inclusions.

Hard or brittle materials can not be deformed

olastically, 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.



Relief

Example: BAC fibres in AlSi, rolief betwoen fibres and
base material, 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.



Scratches

Example: Afler diamond polishing, scratches from grinding
still remain, Mag. 200 X,



Preparation Artifacts
Scratches
e Stratches are grooves in the surface of a

sample, produced by points of abrasive
particles.



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



Smeanng

Example: Smearing on soft ductile steel, Mag. 15 X, DIiC



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.
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Preparation Artifacts
Staining

e 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
nerformed using diamond blades. If the
specimen is to be thermally etched, then it must
ne 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 gquite 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 foll
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 less 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 less 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 Hazard
Materials

e All chemicall, including many metals anc
oxides, pose some degree of danger to t
human organism. This may come about

Ous
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ingestion through the respiratory or digestive

tracts or by external contact with the ski

n or

eyes. Basically, the same precautions apply to

the metallographic laboratory as to all
chemical laboratories, except that certai

N

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

e 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

e 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

e 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)el 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



Abrasive Clean

Ciry or wet abrasive powders used as a methed of cleaning malenal surfaces. Applied as dry powder
uder gas pressure. SiC is a major compound for gensral processing.

Abrasive

The abrasive used for grinding and polishing.

Acid Etch

Controfed preferential attack by acid on a metal surface for the propose of revealing structural details.
Acid Slurry Etch

A form of mechanical pofsh lapping where an acid is mized an abrasive.

Adhesion Etch

Etching of thin ffms to relieve stress and evaluate the film failure, as lifting, pesling crazing, ete.
Aged Etch

Has two meanings: 1.) any solution mixed and allowed to stand for a specified perod of time, 2.) any
solution used more than on time may be called an aged or wsed solution.

Agitation Etch

Any solution used with some form of physical movement, for example: rod in solution, hand or
glectrically operated (rotational stirring).



Alcohal Etch

Alcohols are mormally considered cleaning or rnsing solutions rather than etchants, but they will attack
certain alcchol soluble materials.

Alkali Etch

Alkafne solutions are greater than pH 7, are base or basic chemizal solutions according o Sorenson
scale. They mey be in liquid form or in solid form. Alkalizs alsc are used as moten fluxes for
preferential etching, such as on silicon, or as growth for high temperature type single crystals, such as
gamets and fermrites.

Alloy Eich

Any sclution used to clean an aloyed joint or structure, such as water for flux removal. The use of an
dlloy material acling as the etching agent, such as an AISi (5% for froming a pit in a single crysta
wafer.

Air Etch

Alternative thermn for atmospherc atch. Actual ecthing is due cxygen, salt (chlorine), water moisture, or
other contaminants n the air such sulfur, acids, smog.

Angle Etch

Thers are two meanings: 1.) specimen: the par is lapped at a secified angle an then etched. Used to
measure diffusion depths, or 2.} confamers: the etch conatiner is placed on a rotating spindle.
Specimen is mounted on discs of Teflon, placed face-up on container bottom, wuth ething done at
rofation speeds of betwesn 130 to 300 pm.

Anisotropic Etch

Anaother term for preferential etch. Any etch that attacks crystallographic planes at different rates.

Anodic Etch

Elecirolyiic eiching with the specimen as the anode for cleaning, removal. pofshing, structering and
may nclude switching from anode-to-cathode. Development of microstructure by selective dissolution

of the polished surface under application of a direct current.



Argon Etch

Primary used to: 1.) Argon ion, Ars, cleaning or efching of sufaces, secondary for etching of single
crystal argon.

Artifact

A false microstructural feature that is not an actuwal characteristic of the specimen; it may be pressnt as
a result of improper or madequate preparation, handling methods, or optical condition for viewing.

Atmosphere Etch

Air, mominally 24% oxygen and T5% nitrogen with water vapor, contaminating gases will attack a
known incrganic matenals with time.

Attack-Polishing

Simuftanecus eiching and mechanical pefshing.

Atomizer Etch

Usz of an atomizer to apply a fine mist'spray to eich or cl=an a surface.
Autoclave Etch

A closed metal container capabls of handling high pressure {low pressure, medum pressure, high
pressurs, cryogenic).

Barrel Etch

A barrel-like container or bottle for cleaning and etching, used closed and rotated horizontally on roller
bars, open-topped and mounted on a rotationg spindle similar o an angle ecth beaker, or close-topped
on a shaker table.

Base Etch

Therm wused in three ways: 1.) Any chemical sciution with pH greater than pH 7 is chemical base. 2.}
The first etch sclution used in a clean/stch sequence or the primary solution m such sequence. 3.) A
specific etech midure with established characteristics agamsi which other solutions are evaluated.



Basic Etch

Any sohution with pH = 7 as established hydroxyl-ion concentration. The chemical compound is 3 base
as apamst an acid.

Basket Efch

The eiching of wafers, dice or other paris in some form of a basket holder that is submerged in an etch
solution; passed through an etch soluficn; held in hot vaper, or held for spraying.

Batch Eteh
The eiching or cleaning of any two or more wafers, specimens or paris m 3 scluton at one fme.
Beaker Etch

Any open-topped conatiner used to hold an efch or cleaning solution. Guarz, Pyrec. polyethylene, or
Telflon beaker from 200 to 1000 ml are commaon.

Blank Etch

Any etch solution wsed on a relatvely small flat part, such as 1 x 1 = 0.010 mch ceramic or meta
substrate. Also called a flat or coupon.

Boiling Bead Eich

Ceramics, glass, or metal beads of various sizes placed in the bottom of an etch beaker to introducs
and contral a boblefagitation action of a hot to boiling sohution.

Bomb Etch

A metal conatner capable of holding higher pressurem, and used to held an etching or cleaning
solution/gas.



Bottle Etch

Use as a closed botile for eiching.
Bright Field lNumination

Bright Field (BF] illumination is the most common Bumination technigue for metallographic analysis.
The light path for BF illumination is from the source, through the chjective, reflected off the swrface and
returning through the chjective and back to the eyepiece or camera. This iype of illumination produces
a bright background for flat sudaces with the non-fiat features (pores, edges, stched grain boundanes)
beng darker as light is reflected back at an angls.

Brine Etch

Matural or artificial salt water used as an ecth solution. Mot commaon: some fest evaluation on metals
and compunds in cormosion sfudy.

Brush Etch
Touse of 3 brush to apply an etch solution to 3 material surface.

Bulk Etch

After mechanical lap and polish of a material surface, the surface is etched o remowve the residua
subsurface damage down o the undamaged bulk metal.

Cap Etch
Special terms sppled to Solid State processing and etching single crystals with thin fims.
Cascade Efch

Though often called etching, more commonly a method of dinal water guenching and washing following
ann etch period, with reference fo the container structure used: a rectangular trough divided into thres
or four progressively lower sections, usually fabricated from polyethylene shest or simmular high purity
plastic.



Cathodic Etch

Electrofytic etching is normaly anodiz, but switching from anode to cathode as a deplating and remova
systemn, not an actual method of etching. In metallography = cathodic etching: Surface remowal by
bombarding with accelerated ions (1-10 KV} in vacuum.

Caustic Etch

An akali or hydroxide sclution with pH > 7.

Centrifuge Etch

Rapid spinning motion of a part during etching or cleanning. A phoio resist spinner has been used for
acefone cleaning during photo resist appbcation and etching of semiconductor wafers with the holder
platen rotating at abowut 3500 rpm.

Chemical Etch

General expression for all developments of microstructure through reduction and oxidation process
[redox reactions).

ChemiMech Etch

ChemicalMechanical etching s being more and more widely used in a single crystal wafer processing
to remove residual subsurface damage introduced by previous culting, lapping or polishing sieps.

Channel Etch

The etching of a groove into surface. Usad in selective structuring of a single crystal devices.



Cleawve Etch

The eich polishing or cleaved single crystal wafer surface to remove residual cleavags steps.

Cleaning Etch

Any solution or gas usad to clean a surface with minmmum eich removal of the maternal.

Cold Etch

Any solution used between about 2-10 "C. Development of microstructure at room temperature and
b o



Conditioning Etch

Any solution used fo prepare a surface for subseguent processing. Very common i the plating of
metals, such as zmcating aluminium before metal deposition.

Contamination Removwval Etch

Any solution used o clean 3 surface of unwanted solid materal, such as dirt, cil, or grease, ete.
Control Etch

Any etching for specified time period or al a panicular femperature.

Confrolled Etch

Electrofytic etching with selection of suitable etchant and voltage resulting in a balance betwesn current
and dissoheed metal ions.

Cool Etch

Any solution used between about 10-20 %C.

Corrosion Etch

The attack or alteration of any material surface from the action of a solid, liguid or gas.
Coupon Etch

Eiching of a specimen cut as a flat form from sheet material.

- —: .



Cower Etch

The part to be etched is slowly lowered into the BRM (bromine-methanol] solution, eiched, then slowely
withdrawn through the pure methanol "cover” to quench etching action without exposure to air.

Crucible Etch

The use of graphite, ceramic, or high temperature metals, such as platinum, as a cup to he'd an etching
salution.

Cryogenic Etch

The use of cryogenic Bguids as an eiching medwm, such as Bguid chlorne, at - 102 *C. Also refers to
the use of cryogenic liquid as a chifing agent for ether acid solutions, such as liguid nitrogen.

Crystal-Figure Etch

Discontinuity in etching depending on crystal onentation. Distinctive sectional figures form at polished
surface. Closaly related to dislocation eiching.

Crystallographic Etch
Any solution that will develop single crystal plane structure by preferential attack. Specific sclutions

have been developed on most mefals and metallic compounds dunng evaluation develocpment, and
include etching spheres (convex], and pits (concave) surfaces.



Cup Etch

Any cpen coniamer when used to hold an etching solution may be referred fo as a cup. Usually a sma
ceramic, graphite, or high temperature metal (Pt, Mo, Ti, Ta) used as a crucible for either an etch
solution or sobd molten metal, and may nclude a cap or cover.

Cutting Etch

The use of an etch solution, alone, or a wire soaked in the etch to cut material.

Cutting Force

The specific pressure between sample surface and abrasive grain surface.

Cyclic Eich

Etching with seguential pericds of time. May include water or alcohol guenching between etch cycles,
or the remowval to air and return to etch without quenching.

Damage Remowal Etch
Any etch solution used to remove either the suwrface or subsurface damage present or induced by

previcus abrasive lapping, efc. it is usualy a slow polish type eich, such as bromine: methanol that both
remove the damaged zone and polish simultaneoushy.



Decoration Etch

The use of a metal thin film diffused or alloyed into a single crystal surface to enhance defect structure
for observation.

Defect Etch

A general termn denoting the eich development of any bulk or surface anomaly in a material whether or
net it is single crystal, colleidal, amorphous or crystaline in structure.

Definition Etch

Term usad in two ways: (1) an etch used to develop a parlicular structure, such as fine-line definticn,
and (2} a sclution developed for a particular purpose - a definitive eich.

Degreasing Etch

Usually a solvent for removal of cils or greases, rather than etch solution, akhough an etch may be
used. Laboratory glass is etch cleaned in a solution of Hoo04K-Crs0+, and soda-fme glass plates

used for chrome photo resist masks are scrub cleansd with soap.

Deep Eich

Macroeiching; etching preliminary to macre examination, intended o develop gross features such as
segragation, grain flow, cracks and porosity.



Descaling Etch

An eich used to remowve heavy contamination from metal surfaces. Term widely used in meta
processing, but not m Solid State development where most materials are suppfed as nominaly clean
paris.

Dicing Etch

Any eich solution used to cut and separate discrete devices or unils from a semiconductor or other type
material in wafer or thin sheet form.

Differential Interferance Contract

Differential Interferance Confract (DIC) - = a very ussful ilumination technigue for prowding enhanced
specimen features. DIC uses a MNormarski prism along with a polarizer in the 90 degrees crossed
positions. The two light beams are made to conncide at the focal plane of the objective, thus rendering
height differences visible as vanabions in color.

Dip Etch

The etching or cleaning of a specimen for 3 very short pericd of time - the "time” is difficult to define but
can be arbitrarily said to be between 1-3 sec.

Dislocation Etch

The preferential etch development of structure in a single crystal maternal that can be related to
crystallographically criented defects associated with bulk structure or surface defects. Dislocations can
be introduced during ngot growth: by heat treatment, alone, or in conjunction with alloying, diffusion,
epitaxy, cuttng. and lappng: by controlled bending or striking of a3 surface in defect studies; or
inadvertent damaging from process handling, etc. Etching of exit poinis of dislocations on a surface.
Depends on the strain field ranging over a distance of several atoms. Crystal figures (efch pits) are
formed at exit points. For example, etch pits for cubic materials are cube faces.



Dissoluticnment Etch

In the broadest context the term dissolution or dissclutonment etch refers to any solution that wi
dissolve a matenal. In the study of single crystals, it is used with specific reference o the elching of
spheres to finite crystal form with development of crystal facets (planes) on convex surfaces.

Double Etching

Use of two etching solutions in seguence. The second etchant stresses a pariicular microstructura
feature.

Dirip Etch
To app'y a single, or senss of droplets on a surface. Usually applied to a limited area.

Drop Etch

Term has been used n three ways: (1) the free eiching or cleaning of a part by physically dropping free
into the solution; (2) placing of 3 drop of solution on 3 surface to etch and! or plate a semiconductar p-n
junction; develop pinholes in coodefnitride thin films, efc., and (2) dropping of a part down through a
column of sclution with distance, time, and temperature used to control fabrication, 2.g., the shot tower
technique used in sphare forming.



Drop Etch
Placing of a drop of etchant on the polished surface. Suitable for precious etchants.
Dry Chemical Etch

The use of an onized gas for cleaning or etching surfaces. Ar+ ion cleaning of single crystal wafer
surfaces has become a standard technique in processing.

Dry Etch

Mot considered a true form of etching, yet drying can affect the surface or bulk of a specimen. Water
removal from a surface can cause crazing, cracking or leave stains. Bulk remowval can alier both

chemical formula and crystal structure. Heat treatment or annealmng and hydrogen fring are two
methods. The latter a method of surface cleaning m a reducing atmosphere.

Diry lce Etch

Solid CO0, used as a direct etching medium. Also used as a mixture with alechols or acetone for chilling
anocther etch solution, or for removal of water vapor from process gases.

Electrolytic Etch

The use of electnc current applied to any etching or cleaning solution. he specimen being etched in the
ancde and a metal (such as Cu, Pb, Fe) as the cathode. Development of microstructure by selectve
dissolution of the polished surface under applcation of a direct current. Vanation with layer formation:
ancdizing.



Eutectic-Cell Etching
Development of eutectic cells (grains ).
Evaporation

The vaporization of a material by heating it. usually m a vacuum. In eleciron microscopy this process is
used for shadowing or the produce thin support films by condensation of the vapors of metals or salts.

Extraction

A general term conceming chemical methods of isolating phases from the metal matrix: 1.) acid
extraction-removal of phases by dssclution of the matrix metal in an acid. 2.} chlorine extraction-
remowval by formation of a volatile chioride, 3.) electrolyiic extraction-removal by using an electrolytic ce

containing an elctrolyte which preferentially dissolves the metal matrix.



Etch/Clean Sequences
See clean'etch sequences under composdion.
Etch-Stop

An etch solution that will attack one material but not another in a multilayer thin f#m structure. Hot
H,FO, will etch remove SizM, much more rapidly than 5i0,, such that the oxide can work as an etch-

siop mechanism. The method is wsed n structuring devices, and in the removal and thinning of layers
for TEM study.

Failure Etch

Any solution use in the study of device failure, and used to etch dewvelop, surface stam or otherwise
expose the causes of fafure.

Fatigue Etch

cpecific solutions used on metals and their alloys in the study of material failure due to fatigue, such as
cracking from bending or crazing from atmospheric cormosion. This is a major test evaluation method of
study applied to metals and alloys with specimens prepared by metallographic technigues for
observation after the test period.

Figure Etch

Any form of defect or structure developed in a surface by eiching, regardless of the type etchant. e.g.,
pas, liquid, sofd. Figures also can be formed by temperature, pressure, or direct flame. As a pressure
formed figure, caled a "percussion figure” on mica, (0001) surfaces developing as a sx-rayed star. Star
line pattern representative of bulk prism plane drections and used for orenting the micas.



Fimish Etch

The final etch wused on a3 matenal surface. Term primarily used in the metals industries. and can apply
generally or to a specific eich or technique developed fo produce a particular surface finish.

Finite Form Etch

Preferential etching of single crystal spheres of any metal or metallic compound to produce a solid with
crystallegraphically oriented extenor planes that are the fast etching planes of a convex surface. Planss
developed vary with soluticn mixture, as cube, (100); cciahedron, (111); dodecahedron, (110); or
tetrahexahedron, (hkQ) as most common forms, eg., also called finite crystal form etching, and
primarily applies to materials that form in the isemetnc (cubic) system.

Flamea Etch

Use of 3 propane torch or similar gas torch o produce etching action on a surface. Has been used to

develop surface eich figures on high mefting pont termperature metals and alloys. Also used for surface
cleaning of metals and their alloys during brazing operations.

Flash Etch

Any very rapid etch appbed for a short period of time. It can be a liquid solution or an electrical spark.
The latter used in specirographic analysis.

Force

The total force with, which the specimen holder is pressed against the grnding/polishing disc in unit
MNewbon [M).



Flat Etch
Either io etch a surface 1o be planar and fiat, or etching of a material sheet in the form of a "flat”.
Float-Off Etch

The removal of thin film ayers from a surface for microscope study by TEM, SEM, etc. Etch solution
attacks the subsirate, but not the film.

Flood Etch

To rapidly cover a specimen surface with an etching or cleaning solution, usually with reference to
washing or quenching acid reacton, rather than etching. An etching container is flooded with water to
stop etch action.

Flush Etch

To cover a surface with a mowing liguid etch soution. Used as a light surface cleanser, or to produce an

etch-washed pattern for a decorative effect



Flux Etch

Usz of 3 molten metal or solid chemical compound for etching. May also refer to the use of a flux, such
as borax, in metal alloyng and brazing, and solutions used to clzan and remove residual borax after
joint fabrication.

Form Eteh

Either etching a material to a specific shape, or etching of a particular shape. Spheres me etched to
finite crystal form: rectangular bars are confrol-thinned as elecironic reeds; silicon s wia hole patiern
etched as an inking mask; many metal shim stocks are electro formed or pattern etched as evaporation
masks; tantalurn is etch formed as an antenna, ete.

Forming Etch

Preferential, selective, or electrolytic etching of a specimen o a2 bulk shape, or structuring a surface by
efiching pis, wia holes, channels. Diamond is etched with a saw-tooth structure as a fiter element.

Free Efch
The etching of specimens by drogping them loose into 3 solution without being held i any manner.
Freeze Efch

The wuse of a soluficn below O°C to effect efching aclion, or, the guenching of 3 matenal from an
glevated temperature into a Bguid bath solution.

Fume Etch

Use of hot acid or solvent vapors for etching or cleaning action, hot HCWH, vapors are used in epitaxy
systems for general cleaning of guariz fubes, graphite suscepiors and specimens.



Gas Etch

The use of a gas to produce etching action in #s molecular form, such as argon, hydrogen, nitrogen,
etc. It usually includes heat and/or pressure.

Gate Efch

Specialized term denoting channel etching for the active area of a Schottky Barmer device, such as a
field effect transistor (FET). The channels are either wet chemically etched or electron
photolithographically etched on the submicron width scale.

General Etch

Any etch sofubon can be so called when used without other specific definition, such as a genera
rermcval etch; and thers s an efch solution with the name General Etch.

Graphic Etch

A repetitve pattern of figures stched onte a surface. Such patterns can be controliably produced for
decorative effects or developed in nature - metzortes have a disbnctve eiched structure called
Widmanstaiten.

Gravity Etch

A highty specialzed method of eiching where the specimen is subjecied to either a3 positive (+) or
negative (-] gravitational force by centnfugal action during preferential etching to form controlled
struciures. Brass and gallwm arsenide have besn via hole and pit patterned in this manner. A specimen
may be dropped down through an etch solution column for a controfed distance for forming or cleaning.



Grinding

The removal of material from the surface of a specimen by abrasion through the use of randomly
ornented hard-abrasive particles bonded to a suitable substrate, such as paper or cloth, where the
abrasive particle size is generally in the range of 80 to @00 gnt (approcomately 150 fo 15 microns) but
may be finer.

GritiGrain Size

The grit or gramn size (microns), of the abrasve used.

Grain-Boundary Etch

Development of intersections of grain faces with the polished surface. Because of severe, localized
crystal deformation, grain boundaries hawe higher dissolution potential tham grains themselves.

Accumulation of impurities n grain boundaries increases this effect



Grain Contrast Etch

Development of grain surfaces lying n the polished surface of the microsection. These become visible
through differences in reflectivity caused by reaction products on the surface or by grain differences in
roughness.

Groove Etch

In single crystal wafer siructuring of devices, the eiching of a channel in surfaces. |t may be as a "V
arcowve, have a bottom cunvature of known radius; as a saw-tooth seres of ridges; have wvertical side
wills with a flat bottom, and side walls may be specific crystal planes.

Halogen Etch
Refers o a chemiczal class of elements as etching apents: flucrine, chlorine, bromine, and iodne.

Heat Etch

The use of heat only, to effect an eiching or cleaning action. Used under wacuum conditions to flash
clean specimen surfaces, Used in air to oxidize a specimen surface.

Heat Tinting

Formation of colors (interference colors) in air or other gases, mostly at elevaied temperature. Heating
of a2 specimen on a hot plate in air to produce oxide colors, Used in the study of metallographic
specimens. A crystaline material varies in color by rate of oxidation of indwidual crystallite grans
according o their crystallographic plane orentation. A single crystal materal or alloy can be
differentiated by phass structure or intemal crystallographic plane dirsctions by similar coler vanaton.
Im an alloy mixture or similar specimen, different metal or compounds can be determined by their
characiersiic oxide color when he'at tinted for a specific time. Single crystal spheres of metals and
compounds have been widely studied by controfed fumace cxidation in the study of cxidation kinetics
and growth ratzs related to intermal crystal plane location and orientation.



Heawy Efch

Any etch solution used to remowe a large wolume of matenal. Measurement is done by mils of surface
rerncawval, or by total specimen gram-weight loss.

Hot Etch

Any solution used for etching or cleaning abowe room temperature as either a liquid or gas. and may be
shown in °F, C. or K. Alsp shown as warm, hot, or boilling. Development and siabifzation of the
microstructure at elevated temperatere in etchanis or gases.

lee Etch

Sofd ice has been used 35 an eiching medwm in the sense of the freeze-out of 3 hot, liguid meta
poured on the ice surface. Mized with water or alechol it is used io cool other etch sclubions and, along
with snow, has been used as a constiusnt in formulating a series of “cold etches” for specific
temperature levels. Also can refer to the etching of single crysial ice specimeans grown under cryogenic
conditions in cold cryostats.

Identification Etching

Eiching to expose particular microconstituents; all cthers remain unaffecied.

Immersion Etch

Complete submersion of a specimen in a lguid efch solution, orin a molien flux solid rhemical scluts. i
is the most common form of etching as wet chemical stching (WCIE) or electrolytic etching (EE), which
are two of the Etchant Formats used in the next secton. (Ory chemical etching (DCE) is the third

format.) Method inowhich 3 microseciion s dipped into etching solution face uwp and is moved arsund
during etching. This is the most common etching method.



Immersion Etching., Cyclic

Alternate immersion into fwo etchants: (1) actual stchant; (2) sclution used to dissolve layer formed
during process 1.

Inclusion

Foreign material held mechanically, usually referming fo non-metallic particles, such as cxides, sulfides,
silicates, eic.

Interference

The effect of 3 combination of wave trains of varous phases and amplitudes.
Induced Damage Etch

Preferential etching to develop deferts or structure in a surface that has been subjected o some form of
damage. Such damage may be a controlled scratch or a point of damage introduce by a diamond-type
siylus to develop specific defects, or 1o intbate the eich forming of a pit, wia hole, channel, etz Also has
been used with reference o residual subsurface damage remaining after cutting or mechanical lap and
pofish. Such damage being removed by chemimech polishing or straigbt chemical eiching m Solid State
device fabrication.

Initial Etch

Any solution that is the first in a senes, or the first etch appbed ifl a specific material process.



lom Etch

A gas in its ionized rather than molecular state used to clean or eich a surface. RF plasma M2 or 02
cleaning systems are widely used in Scolid Siate material processing. Argon, as ionic &r, also is widely
used in Solid Sfate processing to final clean surfaces under vacuum immediately prior to metallization
and compound growth or deposition, and can miroduce subsurface damage. Other ionic gases, such as
hefurm (He), =enon (Xe), etc.. are used in material rradiation damage and thin film adhesion sfudies.
Electron ima-diaton frormm @ TEM microscope or an eleciron-beam in vacuum system; lasers, for
annealng or alternating materals; and nuclear particles have all been used as forms of ion etching.

lon Etching

Surface removal by bombarding with accelerated ions (1-10 kW) in vacuum.

Irradiation Etch

The use of ionized gases or radiation particles to affect etching action. May also be used to inducs
damage inte sufaces in the broader study of irradiation effecis. Mote that a singls crystal. when
iradiated, will revert toward the noncrystalfne, amorphous state, and the reverse - an amorphous
material will tend foward single crysial or the crystalline state.

Isotropic Efch

Ancther name for a polish etch solution. The etch attacks all crysial planes at an egual rate, producing
a flat, planar surface. The opposite 5 anisotropic (preferential) etching. The terms anisotropic and
isotropic orginally applied to the propagation of Bght through a solid mineral. They also are now used in
dry chemical etching (DCE) with regard to shaping a pit, channel or via hole with ionized gasss without
refersnce to the polish {isotropic] or preferential (anisotropiz) nature of a liquid eteh solution.

Jar Etch

The use of any closed vessel for eiching m which paris or specimens are immersed.



Jar Etch
The use of any closed wessel for etching m which paris or specimens are immersed.
Jet Etch

A fine siream of liguid under pressure applied as an etchant, and most often for shaping the exterior of
a solid specimen, structuring a material surface, eich cutting a hole through a wafer, ete. May be a
single or multiple jrt system with or without electric current. There are jet sysiems combining etohicut
acton for sBcing or dicing material with high velociy gas, stearm, water, or an acid.

Junction Etch

As a semiconductor term, the develepment of a p-n junction by staining, etching or selective plating. In
the heavy metals industry, weld joints can be developed or cleansd by etehing or light sandblasting. In
the plating and cladding industries, etching to develop interface joints between layers can be dones with
a jet.

Key Etch

A primary eich soiutinn within a cleanletch sequence, or any solubion sppled in a processing step that
is considered a fundamental solution.

Krypton Etch

The use of ionized Krypion, Kr+, as ail etch or material damaging agent by iradiation. The use of uapor
pressure change to etch simgle crystal Krypton grown under pressure and cryogenic vacuum condiicns.

Lapping

The abrasive removal of material using graded abrasive particles in a loose form a5 n liquid slurmy on 3
plaien.



Laser Etch

Use of elecirons propagated by light at a controfed frequency and power level o effect an etching
action. Several types of lasers are used o etch channels and other structures for operational Saolid
State dewices; for matenal cutting, such as preparmg circuit substrates; as annealing o increass
crystalliic size on dendritic crystals, or in conversion of carbon to a diamond-like-compound (DLC).

Layer Etch

As applied m Sold State processing, the etch development of epitazy multlayer structures in dewice
fabricaticn or in material studies. As a3 more general term, the etch removal of a specific ayer of
material from a dissimilar material. It may be total removal as in cxide or nifride sirpping from a
semiconducior surface, or selective remowval through a phote resist or similar surface coating to develop
paiterns for subsequent device fabrication.

Lift-Off Etch

A specific technigue developed to remove thin film metallization from a phoio-Sthographicaly prepared
wafer surface. Wafers are scaked, sprayed and/or lightly scrubbed with a plastic foam Q-tip in acetone.
The acetone dissolves the photo resist layer used for patterning which loosens excess metal by lifi-off,
and exposes the metallized pattern for further dewice processing. This is a separate and distinct
operation, though similar to the float-off technique.

Light Etch

The term has been used in two contexts: (1) as a physical term to differentiate between light-medium-
heavy etching: or in the sense of a3 slow, mmimum removal etch, and (2) the use of light alcne, or in
conjunction with solutions to enhance etching reaction or for selective plating action. White light most
widely used, such as a strobe light for semiconductor p-n junction plating with copper.



Light Figure Etch

The use of preferential etchanis to develop surface eich pit and dislocations on the suface of a cut
single crystal mgot face or wafer and used to crystallographically orient the surface by reflected light.
This s standard practice in the processing of smgle crystal ingots of all materials. 1t shou'd be noled
that many single crystal ingois can be cleaved into wafers on preferred fracturs planes, which doss not
always reguire eiching to obtained surface figures for Bght figure orientation (LF2), After etching face-
cut silicon mgets in bofing KOH. § min, as an example, the ingot is mounted on a ceramic block, then
on an =-y-z positioner and a pinhaole light is reflected off of the swurface back into a black bos

Light Figure Orientation Etch

The sames as the upper item. As inftially developed in Solid State semiconductor ingot processing, the
etching of silicon in hot KOH selutions; germanivm in KOH:12, or acid solutions, such as CP2. The
reflected surface defect pattern are used fo onent the ingot for wafer slicing.

Lineation Etch

In semiconductor development the term was origmnally appfed to distinctly aligned dislocation patiems
associated with siress induced during the rofation/pull growth of Czochralski (CZ) single crysial ingots.
The patterns are wery distinctve on (111) and (100} ariented wafer surfaces: a series of over-lapping
dislecations reducing in size from the wafer periphery toward wafer center, and disappearing befors
reaching the wafer center. On (111} surfaces, as three lines at 1207 and associated with the bulk <211=
directions; whereas on (100} surfaces, four such Fnes at 20° and associated with <110 bulk directions.
With improwed growth control, this form of defect rarely observed today.

Any crystallegraphically criented [ne segment - representative of slip in & single crystal surface - may
be termed lineation or slip. Where a seres of such line segments are clossly parallel - called stacking
faulis (SFs). This type of defect can be introducsd by processing - cosdation, diffusion, epiaxy, ion
implantation, and is often associated with oxide and ninde thin films. For these latter, HF:CrO,
preferential etichants hawve been tailored for stacking fault study.

Liquid Etch

Any wet chemical etch (WCE) solution wsed to effect etch action. Also the use of a solid chemica
maolien flux eteh, such as KOH pellets at 380 *C.



Long Eich

A time penod for etching, as agamnst a short or dip tme pericd. Solution s either a slow etch on the
material, or a cleaning solution with an extended scak tme. This latier is common in metal processing,
such as in soak etching or conditioning a surface prior o platng.

Long-Term Etching
Etching times of a few minutes 1o hours.
Loose Etch

Any solution used where paris are dropped free and not held in any way in the solution during the etch

penod.
Low Etch

Applied with specific reference to the level of a solution above a part being etched, where insufficient
covering acid will not block the m-diffusion of atmosphere over the open contamer. If the solution level
is oo shallow, it also can cause emmatic etching results.

Lubricant
The liquid used for cooling and lubricating.
Macro Etch

Defects and structure observable on a surface with the unaided eye afier eiching. The term is widely
used in the metallographic preparation of metals and alloys in the metals industnes, and in geologic
study of thin sections. It has occasionaly been used with reference to preferential etching of
semiconducior and other single crystal surfaces. Controlled eiching of the surface of a metallic
specimen, mtended o0 reveal a structure which is visiole at low magnification (not usualy greater than
10 times).



Magnetic Etch

Mot a real eiching method, yet has besn used in two ways: (1} magnetlic powder has been brushed on
wiafer surfaces of ferromagnetic materals to develop domain struciure, such as barium titanate and
ferrites; (2) iron or carbon powder brushed on a preferentially eiched wafer surface o acceniuate
defects and etched patterns. There are magnet-stir hot plates where a Teflon or plastic-coated magnet
i dropped nto the solution, then saolution retation and heat controlled by the hot plate dials. Barum
ttanate, being fabricaled as an ulrasonic transducer, is electrically (magnetic flux) poled in waler to
arent domains.

Matte Etch

A surface finish eich used for decorative purposes on metal surfaces, such as copper or nicksl. The
surface has a low-profie grain-like structure with a dull sheen, and can be as 3 semi-matie fnish.

Medium Etch

Used im two ways: (1) with regard fo tme, as a slow, medium, or fast etch, and (2} with regard to
solution strength, as weak, medium, or strong.

Melt Away Etch

The separation of a thin film from a substrate for microscope study by heat liguefying and removal of
the substrate. Etch removal of 2 metal thin film or alloyed pre-form, wire, ete, o cbsenve the pit formed
in the matenal surface by the metal. Semiconductor wafers with alloyed p-n junctons have been eiched
from the back to cbserve the buried junciion-front in the bulk wafer. Sodium chlonde, (100} substrates
have been heated to the liguid state in order to remowe a thin film for TEM siudy, rather than the usua
use of water io dissalve the substrateffilm interface.

Melt-Back Etch

& specialiized Scfd State term relative to wafer surface etching during epitaxy growth, such as using
indfurn on indium phosphide, InP. or gallium on gallium arsenide, GafAs during liguid phase spitazy
[LPE). The method is used fo clean the surfaces to reducs the growth of defects in the epitaxy film.



Mesaetch

The etching of a roughly cylindrical column or pylen on a single Crystal surface as a p-n junction dewvice
struciure. In Solid State, as a single mesa, it is the mesa diode. As an array of measas in the fabrication
of SCHs, they are elements for power distribution and conire! in the electrical operation of the device.
Mesas are commonly formed with a slightly preferential etch such that the mesa side slopes have a
degree of crystallographic orientation. Using dry chemical etching technigues, the mesa sides can be
more cylindrcal without crystal faceis.

Metal Eich

In the broadest sense, any solution used to eich any mefal more commonly, the use of a liguified meta
as an efich medwm on high temperature, chemically inert metals, such as molybdenum, tantalum, or
ttanium. Ceccasionally refers to the melalfizing of a material surface with in-diffusion to decorate
defects.

Metallographic Etchig

Term primar’y used in the preparation of metals and alloys as specimens for defect and struciurs
analysis using preferential etches. Commen in the metals industnes and in geclogy, and most Solid
State companies maintain a metallographic laboratory for materal inspection and evaluation of
processing. The eich can be macro- or micre-etch as a size definition.



Metallography

That branch of science which relates to the constitubon and structure, and their relabon to the
properties, of metals and alloys.

Metallurgical Etch

Mot commaon, but any eich applied to 3 metal or alloy specimen with reference o the field of metallurgy
or metallurgical engineering as a science. Also with reference to the use of a meiallurgical microscope
for material observation.

Micro Etch

Any defect. figure, or structure etched on a surface that cannot be easily cbserved by the unaided eye,
and requires a microscope for proper viewing. Both macro- and micro-etch are terms widely used in the
study of metallographic specimens in general metal processing, not as often used in Solid State
processing. Development of microstructure for microscopic examenation. Usuval magnification of more
then 10 times.

Microstructure
The structure of a suitable prepared specimen as revealed by a microscope.
Milling Efch

Im Solid State it refers to the use of an on milling vacuum sysiem where ionized argon (Ar+] or nitrogen
(M+]) 5 used to etch remove and pattem thin film metafzaton on circud substrates or active devices. In
general metal processing, it cccasionally means the use of a lathe or cutting mill for a3 combination of
cutting, etching, or shaping of a3 part, and may be as an slectrolytic etch with the lathe head as the
cathode.



Minimum Etch

An etch used for a short period of time, or one that removes liftle or no material during the eiching
penod.

Mist Etch

The use of an eich as a spray of finely dwided particles as from an atomizer. The method has been
used for final eich cleaning of a surface; to fine-tune and opitimize electrical characteristics of an
exposed p-n junciion semiconductor device; or to develop defects. structure, or figures in a surface for
optimum clanty cbservabion. Ussd in metafographic specimen etching io develop fine struciure of
crystalliies, phases efc.

Maolar Etch

Any soluticn mixed by its molecular weight A Molar sclution may be used as the etching solulion by
itself, or be only cne constiuent of an etch mixture.

Maolten Flux Etch

Any metal or compound liquidized at or slightly above its melting point without the inclusion of water or
other liguid salvent

Multiple Etching

Treatment of microsection seguentially with specific reagents attacking distinct microconstituents.



Named Etch
Many etch sclutions have a number, letier, chemical, indwidual's name, or a combination of such.
MNative Oxide Etch

Almost all inocrganic metals and compounds become surface passivated by an code when exposed to
air. Such coides are called natwe codes as they are a normal atinbute of the surface and not artificially
produced. The remowal of this type of code can be crtical to metal processing, such as preparing
aluminum surfaces for plating as well as copper, nickel, iron, and steels. It s of major mporiance in
prepanng semiconducior wafers for etching, metallization, diffusion, etc.. as such residual ocxides can
affect dewvice characiensiics. Any eich solution used to remowe such oxides is called a native oxide
removal eich to differentiate it from a solution used to etch an oxide thin film or matenal, such as
ttanium cioxide, TiO2 or guariz, 505, and called an “oxige etch”. It should be realized that a “native”
oxide only occurs under natural atmosphenc conditions, even though it is called such in Solid State
processing where residual surface oxide remains after chemical treatment.

Metwork Etching

Formation of networks, especially m mild steels, after etching in nitnc acid. These networks relate to
subgrain boundaries.

Meutral Etch

A wery slow, nonreactive etch, when used as a cleaning solubion, or the use of water as a pH 7 neutra
wash or guenching schwent.



Nitride Etch

There are several artificially grown nitride compounds, such as silicon nitride, S2M4 and alurninwm
nitride, A1N. The metal industries use a nindization process o condidion metal surfaces and the Solid
State industry is developing and applying both oxide and nitride surface thin films i processes. In either
case, any etch solution used to remowve or patiern a nitride is called a nitride etch, and many also can
be used on oxides.

Mormal Etch

An eich soluticn mixed on the basis of the fofal valence of the metallic radical ions in solution. To obtain
the number of grams of a compound for 3 Normal solution: divide one gram-miolecular-asight (1 mole)
by the iotal valence number of the element and radical.

Oil Etch

Peiroleurn base ofs can act as elchants on some metals, even though they are nomaly only thought of
as coolants in mefal cutting, and similar processing. For critical materials, such as semiconductor
wafers and assembly or test paris, such of coolants with various additives for rust prevent, foaming,
etc. can be severely degraded because of chemical attack, resdual films, and other anomalies, such
that silicones are used as replacement liquids for petroleum oils.

Optical Etching

Develcpment of microstructure under application of special flumination technigues (dark fisld, phass
confrast, interfersnce contrast, polanzed hight).



Optical Interferometry

Is= a technigue that provides precise defails of a matenals surface tfopography. The simplest
interferometer employs the infterference between ftwo beams of light One beam s focused on the
specimen and the second beam on an optcally fiat reference surface. The two reflected beams ars
then recombmned by the beam spitter and pass through the eyepiece together. The two beams
reinforce each other for those points on the specimen for which their path lengths are either the same of
differ by an integral multiple of the wavelenth, n x lambda. The beams canel for path differences of n x
lambda. Todays interferometers provide guantiiative 3-dimensional surface topography information.
The two most common optical inferferometry techniques include - phase shifting mterferometry (PSI1)
which uses a PZT to shift the oplical path of the objective and verbical scanning interferometry (VEIl)
which changes the focus range of the cbjective. The main differences between PS1 and V3l are that
PS5l has a higher z-axis resolution, whereas VS| has a larger scan range. PS5l and V51 can also be
combined to provide both high surface resclution and a larger scan range.

Orientation Etch

A preferential solution wsed fo defermine fthe single crystal orentation of a specimen surface by
developrment of surface etch pits.

Oxide Cleaning Etch

A solution developed to clean an oxide surface with minimum or no removal. [t can be acid, alkali, or
salvent.

Oxide Etch

Any sclution used to etch a metallic oxide material. See the immediately following terms for specia
case appications.



Oxide Removal Etch

In ol State processing, often refers to remowval of 3 native oxide on a material surface prior o further
processing. it also is used where a deposited ousde thin fim (5i0,, AlsO5) is being pattern etched or
removed.

Ozone Etch

Ozone; O, is an extremely strong oxidizing agent. In Sclid State and some metal processing it is wsed,
by iself, as a surface cleaner. Caution should be exercised as concentrations greater than 1 % in ar
can be hazardous 1o health. There are czone producing commercial cleanng sysiems used in meta
processing for material surface cleaning. Similar units are used in movie theaters or other commercia
offices and buildings as an air freshener, and for cigarette smoke removal.



Farticulate Etch

Any solution used to remowve a material mairx and expose embedded particles without affecting the
particles. This is common in some ore processing operations where gangue matenal is separated, and
in some matenal studiss. The etch may expose the parboulate. only, or be usad to remove the particles
for separate microscope study.

Fassivation Etch

The term is usad in two ways: (1) a solution developed to remove a passivating thin film from a surface,
such as a native ouode, or (2) 3 solution that will introduce a surface film passivation. An sodine solution
has been used on diamonds in the later case as pas-swation apainst etching with H3P04, and an
[2:MelH rinse applied as an ionic surface contamination remowal systemn on sficon wafers prior to
diffusion.

Fattern Etch

Any etch sclution that will develop structure in or on a surface and there are sewveral different
applications and methods: (1) to develop defects m surfaces; (2) to differentiate betwesn elements,
structure, or minerals in & mixture material; (3} to etch through a masking layer, such as photo resist
patternad thin film oxides io remove the oxide down to the substrate in the desired pattern; (4) etching
via holes, or (5) circuit pattern etching of substrates.

Fhase Efch

Common to metal and metal afoy etching of siee! in the etch development of alpha-, beta-, or delia-
phase structure, and the recognition of martensite, carbide, and similar crystal structures.



Photo Resist Etch

Phote resist lacquers, such as the AZ- series, COP-, or PMMA types used in device and circuit
fabrication of semiconductor devices, have their own solutions called developers, and used affer UV
exposure of the resists in fabricabing patterns. The developers are designed for sach type of
commercial photo resist formulation, many contain hydroxide, such that caution should be cbhserved if
the material being processed in particularly vuinerable to attack by alkaline solutions.

Mote that in removing photo resists before or after metallization of the specimens or wafers, the most
widely used solent is acetone (a ketone) by soaking, spraying, or light scrulbbing of the specimen
surfaces.

Physical Etching

Development of microstructure through removal of atoms from surface or lowering the grain-surface
potential.

Pickling Etch

Term common in metal processing and plating. Metal surfaces are soak-cleaned for conditioning, such
as for removal of scale, or other type contaminaton.

Finhale Etch

amall, roughly circular defects in a deposited thin fim are referred fo as "pinholes” and may or may not
go completely through the film. Any solution or method used to locate and observe such pinholes is
called a pinhole etch. Such pinholes can be created by con-tamination on a substrate surface, be dus
to msufficient cohesion within the growing thin film, or from entrapment of particles in the film. Oxide
and nitride thin films are paricularly prone to pinholing in Solid State processing, and are the subject of
much siudy. The term alsec is apphed to the etching of a controlled pinhele, such as for thickness
measurement of the film, diffusion depth profilng. or cbservation and study of epitaxy layer structures.



Pit Etch

A preferential etch ussed to develop dislocations or surface damage pits in single crystal wafers or
similar specimens as wet chemical etching (WCE). This includes controlled damage pit developmeant as
a device structure. Dry chemical eiching (DCE) through a phote resist, metal, or cxide/nitride thin film
mask, as well as WCE, also for device fabrication. Mote that dislocation pits conform to crystallographic
struciure and bulk plane directions, such as the sharp triangular pit on a (111} wafer surface, and do not
increass in size to any extent with extended etching; whereas a surface damage pit does not conform
to crystal planes and directions, expand in size with extended etching with a flat pit botiom that may be
heaw'y terraced, and wil disappear when the bulk, undamaged material surface is reached. Un-
damaged bulk suwrfaces cam be recognized by their usual high reflectivity, and common nearl-
mammillary and near-hexagon structure, particulary recognizable on (111} onented surfaces. The (100}
wiafer bu'k surface is more block-lfke in structure, coincident with the sguare oui-line dislocation and
surface etch pits.

Planar Etch

A polish eich that produces a very fiat, highly reflective surface. Now 3 major surface finish for three-

dimensional l[ayered electronic device and circuit substrate siructuring.
Plane Eich

Preferential solution used to develop a crystal facet, or plane n a single crystal maternal. Occasionally
wiith reference to eiching a planar surface.



Flasma Etch

The use of ionized gas particles to effect cleaning or etching. Either RF or DC plasmas are used, RF
more common in microwave, high frequency electronic device fabrication.

Folar Etch

Any efch used on a polar material, such as the compound semiconductors and, in particular, the {111)
ornented surfaces. Gallum arsenide, as an example: the postive (111}Ga [[111)A] surface wvs. the
negatve [11114s[{111)B) swrface show different eiching phenom-ena. One surface wil etch
preferentially with defects; whereas the opposed surface, usually the negative (11118, will be ermratic,
and it is difficult to develop an etch solution that will egually polsh both surfaces. Mote that in compound
semiconduciors there also may be different electronic charactenstics.

Paolarity Etch

Any solution used to develop the preferential etching charactenstics of polar compounds, such as
GaAs, InP, AlSb, or their associated frinary and quaternary forms.

Fole Etch

A specialzed term appbed to the etching of magnetizable structure in materals such as barium tianate,
Ba,Ti0, where the magnetic domains are aligned by polarization with electrofytic solutions and a
magnetic flux. Garnet memory devices as a computer chip are similary poled. The term also is applied
in the efching of single crystal spheres for finite crystal form, when the solution produces only
crystallographic "pole” figures at axial points, rather than developing exterior faceis (planes) as a finite
crystal solid formm

Palishing
A mechanical, chemical, or electrolytic process or combination therof used to prepare a smooth

reflective surface sudakle for microstructure exammation, free of artifacts or damage mtroduced during
pricr seciioning or grinding.



Palish Etch

Any etch solution that attacks a material surface at an equal rate in all crysial plane directions without
regard to their crientation. This is the opposite of preferential etching. In the Solid State single crysta
gtching, and much metal etching, a pofshed surface is required in the fabrication of devices and paris,
such that pofish etching is of great importance, and a major criterion in processes. |t also s now called
isotropic etching.

Potentiostatic Etching

Ancdic development of microstructure at a3 constant potential. By adjusting the potzntial, a defined
etching of singular phases is possible.

Precipitation Etching

Development of microstructure through formation of reacton products at the surface of the microsection
(see also staining).

Freferantial Etch

Any etch schution that will atiack crystafographic planes at different rates, and produce structure as
controlled by those planes. It is the opposite of polish etching. Much of the structuring and selectve
etching of semiconductors wafers and similar materials as devices s done with preferential etching, as
well as in crystallographic study of single crystals. Such device processing includes formation of pits,
channels, ™\ groowes, via holes, saw-tooth structures. This was the only method of sslectve
structuring semiconductor devices (wet chemical etching or electrofytic etching) until the fairly recent
advent of dry chemical etching. Preferential etching also s now called anisotropic etching.

Fre-Flate Etch

Any acid, alkali. salt, or alcohol solution used fo clean or condition a matenal surface prior to plating.



Pressure Etch

The forming of material, or alteration of a surface by drect pressure, alone, and may include heat or a
pas atmosphere when a furnace or vacuum s used. Natural pressure produces etch figures on meteor
surfaces during atmospherc entry; sx-rayed star percussion figures are formed on (0D01) orientec

mica sheets by striking: controlled point pressure damaging of single crystal wafer surface is used in
forming eiched pits or grooves in device siruciunng.

Printing

A method n which 3 carmer material s soaked with an etchant and pressed againsi the surface of the
specimen. The etchant reacis with one of the phases. Substances form which react with the carrer
material. These leawve behind a life-size image. Used for exposing particular elements - for example,
sulfur {sulfur prints ).

Priming Etch

The term s appied with two meanings: (1) the type preparation of a surface prior to plating. such as a
priming etch for conditioning, and (2] the adding of a small piece of the material to be etched to the
etching sciution prior to use. The |latter method is used on highly reactive solutions, such as 1 HF:2
HNGC 5, to obtain an even etch rate from the begmnning.

Primary Etching

Development of cast structures including coring.



Profile Etch

The term is used in two ways: (1) Selectve etching of any “form of structure in or on matenal, and (2)
profile etching. The latter includes etching through thim film or metal masks; etching to observe and
measure diffusion depths; to siudy epitaxy layer structures. Many wafers are processed with (100)
surface crientation and, for profile study of structuwres, are cross-sectioned by cleaving in a <110> bulk
plane direction.

Pylon Etch

Any eich used to form werical, roughly cylindrical structures on a surface. A sBghtly preferential etch wi
produce facetted side-wall slopes with WCE; whereas smooth, unfa-cetted walls can be fabricated by
DCE etching.

Guality Etch

Applied with regard to the purity of acids and chemicals used, such as electronic grade vs. commercia
grade liquids or gases.

GQuantity Etch
The etching or cleaning of a number of parts at a single time, or the use of a large volume of solution.
Rapid Etch

Any fast etching sclution as against a slow etch. As an example, the 1 HF:3 HNO3 mxiure is the most
rapid eteh solution of this two-component etching system.



Raster Etch

Electron beam (E-beam) etching using high intensily electrons; electron lithography, where a computer
is used for beam positioning and exposure of photo resist pattemns; and laser etching may be refemrmed to
as raster etching or annealing, as has been iradiation with ionic gases or radiation with particles in the
sense of using a controlled beam of energized particles, electrons, etc_, to effect an etching action. The
term relates to the raster tracking element of a computer screen.

Rata Etch

Used in two ways: (1) the time perod for any solution required 1o obfain desired results, or (2] the
physical reactivity tmefrate of specific mixtures. The |atter most important when using excthermic
solutions. Determining etch rates is a major factor in processing.

Reactive lon Etch

A form of dry chemical efching (DCE) where one or more of the ionized gases is a reactive gas, such as
BCI3 wsed in etching aluminum oxide swrface films. Common acronym: RIE. This form of etching is
increasmgly used for selective etch structuring of electronic dewvices that contamn layered epitaxy and
metallized structure. Mote that there are a number of specifically designed dry sonized gas etching
systems with their own special acronyms, though all operate in a similar manner.

Reproducibility

Cnce a preparation method of sample has been developed and adjusted, i should produce exactly the
same resulis for the same matenal, every time it is a carried out.



Redoxetch

Onginaly referred 1o as cxdation-reduction reaction, where one acid is a reducing agent, and the other
an oxidizer. HF:HNQ,; solutions are an atypical example, where HF acts as the reducer and HNO; the

oxidizer. As a REDOX etching system, the term is applied o selective etching with pH control of the
salution.

Relief Etch

Etching of any form of structure on a3 surface. It can be as a raised mesa, pit, channel, or via-hole
completely through the matenal.

Remowval Etch

Any soubion that wil dissolve and reduce the thickness or weight of a matenal. All etches are remova
type and many are classified by their etch-rate of removal.

RF Plasma Etch

Ancther term for dry chemical efching (DCE), and used as a general termn for any form of lonized gas
etching or cleaning.



Rolling Etch

Any solution used with a relling mofion. Single crystal spheres are etch polished in a beaker held at
about 45° and hand swirled to produce a slow relling action of the spheres.

Occasionally used with reference to a boiling solution that has a rollng or roiling motion. |t also has
been used with regard fo allowing a specimen to ol and tumble down an incline during an etching
penod. or the etching of an extruded, rolled metal shest to include etching in or agamst the rolled
direction.

Rotational Speed (rpm)
The speed with which the grinding/polishing disc is rotating.
Rough Etch

Has been appbed with two meanings: (1) general reduction in thickness or size without regard to
surface finish and measured in mils of depth remowved from a surface or by tofal gram-weight loss of a
specimen and (2) a confrelled etch to roughen a swrface. Glass microscope slides have had one side
roughed with HF vapor etching to improve thin film gold adhesion for TEM study of the film growth and
struciure characteristics, and some metal paris arc surface finished with a named roughness, such as a
matte or satin finish.

Sand Etch

The term has been applied with reference to the use of a dry abrasive to effect removal action with the
abrasive under gas pressure (nitrogen) applied by spray or jet The method also s used to clean,
roughen, or condition a surface. Abrasives are usually considered as lapping and polishing compounds,
although fine jeis of sand have been used to fabricate screws, fo drll holes through material, or form
cavites (pits) in a surface. The use of 5.5 White Dental Unit was one of the original methods used to
dice silicon and germanium wafers, and the units are still used for sand cleaning of surfaces, e.g., bead
blasting fechnigue for cleaning metal parts.



Satin Etch

Specialized term wsed i the metal industry where an etch solution produces a surface finish that has
the appearance of satin cloth. The swrface struciure contains variable length and wedth lines. roughly
parallel with some cross-hatching, and with the reflectve sheen of satm cloth. The method is called
satin finishing, and is used as a decoratwe finish on copper, nickel, brass and other meta’s.

Saturation Etch

A solution containng the maximum amount of a dissolved chemical in water, alechol or solvent at room
temperature and standard pressure. If such a solution is mixed abowe room temperaiure, and wnder
pressure” it is called a super-saturated solution.

Saw (Acid) Etch

When wafers are cut from an ingot by a wire that is wetted with acid, it is called the acid-saw technigue
[AST). The wire can be of iron, S5T, rayon, plastic thread, etc.

In cutting, lapping, or polishing a surface mechanically there is always a subsurface damaged zons
remaming with damage depth delermined by abrasive grt size and other factors. Selid State wafers,
such as silicon or gallium arsenide. are often chem/mech polished with bromine-methanol (BRM)
solutions to remowe this damaged zone. This has been referred to as saw damage removal etching.

Scale Etch

Term used in metal processing where slow eich sofutions are used to remove surface contamination -
oxidation, ods, dirt - that are called "scale™



Seeded Etch

Any sofution to which s added a small piece of the material to be etched. This technigue is used with
solutions that initiay show a rapid rate of attack in the first few seconds, then a3 more controfable Bnear
rate. A mixture of 1 HF:3 HNO; is of this type. By initially seeding such a solution, allowing the piece to

completely be dissoived, the eichant becomes more controllakle for linear controlled removal.
Secondary Etching

Developmnet of microstruciures dewviabng from primary structure through fransformation and heat
tretment n the sold state.

Segregation (Coring) Etching
Development of segregation (coring) mainly in macrostructures and microstructeres of castings.
Segregate Etch

Any etch used fo remove a matnx matenal to expose a paniculaie or segregate embedded. This may

be as a contamenant mcluded during ingot growth or @ new compound due %o regrowth, such as is
observed in fabricating silicides as blocking layers in Sold State devices.

Selective Etch

Either wet chemical etching (WCE) or dry chemical eiching (DCE), where the solution or gas is used to
struciure a surface, or to remove specific material layers im a hetergjunction! heterostructure device. In
the latler case, the etch will atlack one material layer and not another, and by suitable masking of
surfaces with a thin film cxide, photo resist, or metal, then sxposing a pattern, pits, channels, via-holes,
or other structure can be eiched selectively.



Sequence Etch

A single solution, or a series of different sclutions used in a3 consecutive order of etching steps.
Clean/etch seguences are of this type, and can include vapor degreasing, etch removal of subsurface
damage. acid etching, alkali etching, with water andlor alcohol rnses following etching, or the rinses as
indnwidual steps.

The term also is applied to the etching of different layers of heterostructure devices where different etch
mixtures are used again consecutively.

Series Etch

Term has been used n two ways: (1) a single etchant used two or more tmes in sequence, such as in
dip etching or (2] different acids, alkalies. and alcchols used in a sequence.

Shaping Etch

Any solution used to etch form a solid material. May be electrolytic etching, and term has been used
with reference fo electroforming.

Shim Etch

Either the etching of shim-stock matenal, such as thin nickel sheet pattern etching for use as an
evaporation mask; or the etch thinning of a material to shim thickness, e.g., at or under about 0.010"

Short Etch
Any etch solution used for a bref pericd of tme, as against a long pered, such as a soak etch.
Short-Term Etching

Etching times of seconds to a few minutes.



Shrink Etching

Precpitaton on grain surfaces. Shrinkage takes place during drying, which causes a cracking of the
layer formed during etching. Crack onentation depends on the underhang struciure.

Sizing Etch

In Selid State material processing the term applies 1o the eich reducton of physical size to a particular
dimenson® such as m thinning of a specimen for TEM microscope study. In general matenal
processing, there is a gelatnous subsiance caled "sze’, much like a weak glue which is used as a
surface coating with appScations similar to those mn photolthographic processing with photo resist
lacquers.

In paper manufaciure, sze is added to the pulp to prevent ink from runnng. and is the more accurate
meaning. where tree rosns and alums are added as the sizing compounds.



Slosh Etch

Any etch sclution used with either movement of the solution or the part.

Slow Etch

The removal rate of a solution as against a rapid or fasti rate. Many pelish etich solutions are designed
to be slow for mazimum planarity of surfaces, and for the prevention of erratic surface anomalies that
can occur from a too rapid eich.

Slush Etch

Etches containing ice or snow as cold solutions.

Snow Etch

Some cold etch soluton use snow as one constiuent to establish a specific temperature. As a group,
they are sometimes referred 1o as the “snow eiches’.

Soak Etch

A slow cleaning or efching sclution where the part remains immersed for an exended pericd of time.
Commaon to the metal and plating industries for surface preparation.

Solid Etch

The term has been used in two ways; (1) the etching of any solid matenal, or (2] melen flux etching
with a liguified sobd chemical compound, such as KOH pellets.



Solution Etch

A term used for wel chemical etching (WCE) where the eichant is a lguid; whereas dry chemica
etching (DCE) uses ionized gases.

Solvent Etch

The use of a chemical solvent as a cleaning or etching solution as against an acid, alkali, or alcoho!. A
few meialbc compounds can only be etched in 3 sofwent.

Spark Etch

The use of an electric spark to generate an eiching action, As a cutling method, called spark eroson;
as a efching method an electnically activated wire foop in alcohol is used to observe pinholes in oxide
and nitride thin films by the appearance of bubbles come from the subsirate surface as the wire passes
ower in the alcohol solution. Metal spheres, both single crysial and pofycrystalling, have been formed
from chips of maternal by elecirical sparking from a copper pot under argon, and spark vaporization of
material from a surface is a standard method for spectrographic analysis.

Sphere Etch

The term has been used in two ways: (1) the slow pobsh eiching of a material sphere, or (2) the
preferential etching of a single crystal sphere to finite crystal form (FCF)L Sing'e crystal spheres have
been widely used to establish etch and cxidabon rates on conwex surfaces in metal and metallic
compound development for device structuring applications.

Spin Etch

Etching of a specimen with the sclution andlor part rotating.



Sputter Etch
A term for RF or DC plasma etching.
Squirt Etch

Any solution used in the form of a liguid et or spray. Term often applied when a polysthylene botile
know as a "sguirt bottle” is used, and there are many cesigned jet etch systems.

Stacking Fault Etch

cpecialized dislocation term used in sing'e crystal processing. Specific preferential etches have been
developed to accentuate this form of defect, which can e common to oxide and niride thin films. The
defect appears as a seres of short, parallel sbp Bnes in a transiucent o transparent thin section, and
are a three-dimensional defect relative to x. y, z crystallo-graphic axes. They occcur due to inhersnt
siress factors from the difference between coef-ficients of expansion of oxide/nidnce thin films and the
substrate materials on which they are deposited. The stacking faults can be in both the oxide/ninde or
in the immediate subsirate surface near the interface between the two compounds (SICVEI interface, as
an example).



Stagnant Etch

The term is applied to an etch mixure that has been allowed to stand before use. The H,50 ,:H,0,

mixtures have been so used, with effective depletion of the hydrogen peroxide. CP4 also has been
allowed to sit 24 h before use with the effective vaporization loss of the bromine fracbon. Agua regia (1
HC1:3 HNO,) is an example of a sclution that requires aging before use, but it is not a stagnant

solution.
Stain Etch

Any liguid solution or gas, such as air or oxygen, producing a coloration action on a surface with
minimum etch removal. HF-HNO solutions, either high in HF on high i HNO,, will stamn a surface
rather than etch. Other soutions, such as those containing salts of copper, silver or gold, also wi
procuce stains. Both HF and HNO;, develop red/bluelyellow color; whereas metal stains are grey to
black. Staining has been used for depth profiling of diffused p-n junctions; in delmeating exposed planar
junctions; or to cbserve epiaxy layer structures in cleaved (110) cross-sections, which are stained after
cleaving. Spheres have been cxwized in oxide growth rate studies relative to crysial planes, anc
metallographic samples are heat-tinted by cxidation in air on a hot plate.

Staining

Preciptation etching that causes contrast by distinctive staining of microconstiuents; different
interfersnce colors orgenate from surface layers of varying thickness. Prof of inhomogenedies.



Standard Etch

The term has besn used n three ways: (1) a solution developed for a parbcular process becomes 3
Standard for that process; (2) 3 solution used as a reference in materal or chemical analysis, and (3) a
solution that has become standard for 3 particular use, such as CP2 as a polish etch, or Sirtl etch for
defects.

Steam Etch

The use of water at its boding pont as a cleaning or eiching solution. Steam cleaning under pressurs
for cleaning buildings, clothing, and small paris in autociaves. In matenal processing the steam actively
getters and uses a porion of the material surface in forming the oxide, such as a silicon wafer surfacs
atoms being used 1o form silicon dicxde.

Step Etch

Any solution used to form an etched siep in a materal swrface. The method is used in dewice
structuring; to measure a layer thickness; to profile diffused junclion depths; to trace defects in a
material bulk; and may be single or mulbple steps. A specimen surface s successely coasted with
sirpes of Apiezon-W (black wax) or photo resist coated in a similar manner, being eiched fo a
controlled depth betwesn each coating to form the steps.

Still Etch

A sclution used without movement of either the solution or the part being etched. Some wery slow
polishing etches have been used in this manner.



Stir Etch

Any solution used with a retational moton. Magnetic stiming hot plates; hand swirling;a hand of
electrically operated stirmng rod n solution, eic. In etching wafer surfaces for planarity, rotation speed is
conftrolled so as to prevent flow patterns being developed.

Stop Etch

Also called: "Eich-5Stop”. Any etch solution that will attack cne material and not another in a layer-type
structure, A fairly recent term as appbed to the selective etching of semi-conductor heterostruciure
devices, akthough the method has been in existence for many, many years in both the metals and
semiconducior industries without having a specific name appled to the process, such as the etch
removal or pattern etching of an oxide with HF that does not attack the wnderlying substrate. The
solution may not be a complete “stop”, as with an SizM, thin film on 5105 etched with H,F0,, where the
oxide etches at a much slower rate, effectvely working as an etch-siop.

Strain Etch

Similar to Siress Eich. Terms often used in combination as stress and siram studies. The bending of 2
thin matenal, such as a semiconductor wafer, will develop dslocations due fo strain. Such defects have

been siudied as both a positive (+) or negative (-] strain direction relative to (100), (111}A or (TTT)B
faces, and <110 directions.

Stress Eich

A preferential solution used o develop stress figures in @ material. Stress may be from normal wear-

and-tear; induced by heat freatment; physically induced by tension, compression or torque with or
without heat. The latter method used in matenal studies.



Strong Etch

A general term applied to the use of concentrated acids or akalies, as apamst a3 diluted solution, or a
solution using weak acids.

Structure Etch

Any solution used to dewvelop physical structure whether it is 3 defect in the matenzal, a sslectively
etched pit, mesa, channel or the shaping of a sofid.

Subtractive Etch

Term appbes to the selective etching of mulbple thin film layers. The removal of one layer without
affecting others.

Swab Etch

Use of cofton or plastic foam type materal on a stick. Medical Q-tips are used and, in Solid State
processing, the cotton has been replaced with plastic foam to prevent reaction from the glue wsed to
attach the cotton. Used with acetone for cleaning photo resist lacguers from surfaces. In processing
metallographic specmens, swab etching is a common term and method of etching surface structure.
Wiping of the specimen surface with a cotion ball saturated with etchant fo simultanecusly remowve
reaciion products.

Swirl Etch

Any solution used with a rotating moton.



Temperature Etch

Temperature of cleaning or etching soluticns vary with solution mixtuere, application requirements, and
may be as a solid, bguid, or gas. May also refer to the use of temperature, alone, as a (heat'thermal)
etch agent, under vacuum or furnace conditions. Much WCE etching is done at room temperature, but
many solutions are exothermic, thus heating the solution during the etching pericd. To control such
reactions, water or solvent cooling cofs surround a water bath holding the etch solution vessel have
been designed to limit such temperature rse. And temperature can be a major contro! facior for
particular eich mix-tures... at room temperature (RT} a THF:2HNO; solution is a good polish etch._. but
at 8°C becomes preferential... and at 50°C too rapid and ematic for control

Thermal Etch

Term has been applied as (1) the use of heat in vacuum; (2] the use of heat in fumaces with a gas
atmosphere. In the latter case, also called heat treatment (metals), and anneabng (Solid State), though
both terms hawve been used in all maternal processing areas. Pure heat alone can develop etch figures
or structures on surfaces.

Thermal Etching

Annealng of the specimen in wacuum or inert atmosphere. Used primardy in high-temperature
MICTosCopy.

Thimble Etch

Any cup shaped vessel used to ho'd an etch solution. Specifically referenced to using smal, ceramic,
high temperature metal (platinum}, or graphite crucibles to contain highly reactive, hot chemicals or
liguid metals, such as KOH pelets at 360°C for dislocation etching of silicon wafers.



Thinning Etch

Any solution used to reduce thickness of a specimen. Widely used with reference to preparing
specimens for transmission electron microscopy (TEM) studies.

Time

Preparation time, the time dunng which the specimen heolder is rotating and pressed agamst the
grinding/palishing disc.

Tinting
—ee heat tinting.
Trim Etch

Any etch used to reduce thickness, width, or length of a part, specimen, or device by small morements,
only. This can include laser trimming, such as in fne-tuning paired diode devices for elecincal matching

parameters.



True Microstructure

Theoretically we are interested in examming a specimen surface which shows us a precise image of the
microstructure we are to analyse. |deally. we require the following: no deformation, no seratches, no
puf-puts, no introduction of foreign materials, no smearng, ne relef or rounded edges and no therma
damage. This nearly perfect condition, with only superficial damage remaining, is commaonly caled the
true microstructure.

Tumble Etch

A closed-end cylinder - called a "tumbler” - has long been used o polish rock and mineral specimens,
or for surface cleaning of parts. Dry abrasive, 3 wet slurry or acid-slurmy abrasive is added fo
specimens, then the tumbler rotated horizontally on a set of paralle! bars. Rotation can be with a hand-
operated crank but today tumblers are electincally operated. For paris cleanletch cycles, time is in
minutes; whereas gem stone polshing s in days. Specimens and parts can be tumble etched in a
beaker with the solution being stimed and parts floating free.

Ultrasonic Etch

Any solution used with an ultrasonic generator to develop agitation during an etching or cleaning perod.
There are small cup to very large basn-type systems. The latter include wvapor degreasing systems.
The cup types are used for cleaning and etching small parts with an etch beaker seated in a water bath
that transmis the vibration frequency to the sclution. Most systems are fixed frequency, but vanable
frequency wnits are available. A barum titanate, Ba,Til,. transducer is wsed to translate physical
motion of the titanate into electrical frequency. much like pezoelectric quartz crystal radio frequency
blanks.

Used Etch

Any solution applied for more than one period of tme. In high volume processing where several paris
are batch etched at one time, large volumes of etch sclutions are used o sustain solution action without
constitwent depletion, and ensure good repetiive. temperature in-dependent etching without having to
replenish with fresh solution after each etch period. In metal plating. the plating baths are automatically
monitored, and addibonal soluton added when plating rate reduces fo a pre-set level.



Vacuum Etch

The use of pure vacuum to effect etching action by varying the wvapor pressure. This method has been
used o preferentially etch single crystal gases grown under cryogenic arid pressure conditions in
VAT

Vapor Decreasing Etch

Vapor degreasing has wide use n cleaning paris with a combination of hot Sguid, hot spray,. and a hot
vapor head in which paris are held. In the large systems, the hot liqgued tank may include an ultrascnic
transducer. Size ranges from a beaker on a hot plate to large tanks with an overhead crane hosst. Pars
are lowered and held in the hot vapor head until they are deemed clean; they are then slowly removed
and are found clean and dry. Alhough trichloroethylene (TCE), dichloroethylene (DCE, Perk), or
trichloreethans (TCA) have been used in the past, Freon solvents are beng used as replacements dus
to the carcinogenic natwre of chlorinated solvents.

Vapor Etch

Any solution wsed in vapor form to effect an etching or cleaning action. HNO3, H20, and H202 arc a
used to oxidize a surface, then the oxide stripped with HF as one method of surface cleaning. In epitaxy
system, hot HC! vapor is used to clean the guarz tube walls, the suscepior camier and, in some cases,
the material surface about 1o be deposited upon.



Via Hole Etch

opecialized term in semiconductor processing where a crystallographically orient hole is Selectiely
etched through a wafer. The side walls of the hole are then metallized through from top to bottom
surface, ofien referred to as wrap-around plating for an elecincal ground plane. See Seleclive Etch.

Vibration Etch

Any form of vibration used in conpencbon with an eiching or cleaning solution. The two most common
systems are an uftrasonic transducer or a shaker table. Vibration alone is a standard assembly test
vehicle, and can cause part or assembly failure. Such vibration tests include acceleration/deceleration,
and g-force generators with an x. ¥, z spin component

Wash Etch

Used with reference to the pouring of a sclubon across a surface. Mot wdely used for etching, as it
tends to cauwse surface channelling. Standard water quenching of parts after etching is sometimes
referred to as "Wash™ clean, but is not an actual etching method.



Water Etch

Though water is considered neutral, with pH 7, the major liguid used for guenching an etch solution,
and for general washing and rinsing, it can act as an acid etch on water soluble compounds. Such
compounds can be polished, preferential eiched, or selective etched with water only. Sodium Chlonde,
MaCl, = one such compound that is widely used as a (100} onented subsirate for thin film meta
evaporation and epitaxy growth in monphological studies with thin films remowved by the float-off
technigque for TEM cbservation. High purity water, as well as brine and atmosphenc moisture, will skowly
comode many metals and alloys. The metal industry uses coupons of new matenals in corroson fesis
by exposure to salt atmosphere along scacocasts. and study rons and steels by dripping high purnty
water onic surfaces cver exiended penods of time. In the study of ice, it is grown as sing'e crystals and
water is used to polish or preferential etch surfaces.

Weak Etch

The use of a highly diluted etch mixture or a singular liguid; such as ammeonium hydroxice, NH,OH and
ammonia, MH,, which are both weak bases.

Wet Chemical Etching (WCE)

One of the three major dvisions in chemecal eiching. [t is the use of any Bguid 1o effect cleaning or
etching action and siill the most widely used method of etching.



Wet Etching

Developmnet of microstructure with liquids (acids, bases, neutral selutions, mixtures of solutions).
Wipe Etching
oee swabbing.

White Etch

The term has been applied o mixtures of HF-HNOS with or without HAc/H-O. It i5 not recommended,
as these solubons are clear and transparent, not an opagque white.

Work Damage Eich

Any poish etch used to remove residual sub-surface damage remaining after cutting and mechanica
lap and polish in preparing a wafer or similar specimen. The bromine:methanc! (Bro:MelH) or ERM

solutions are currently used on many metals and metallic compounds for this purpose, as they not only
remove such damage, but act as slow polishing solubons.



X-Ray Etch

Though X-rays are a photographic technigue used in both medicine and maternal studies, X-rays, as
well as octher particles, hawve been used in material surface studies. Fluorite, CaF,, will show color
changes when subjected to X-rays, such that here it s referred to a5 a method of etching. Radiaton or
iradiation wsing onized gases or atomic parbcles can produce similar effects i matenal, as wel as
cause mternal, bulk damage. Again, not a tree eiching phenomencon, but of major importance in
materal processing. All space hardware is subjected to radiation evaluation as one high reliaility test,
and X-ray may be ncluded.

Yellow Room Etch

Any solubon used in a Yellow Room for the processing of matenal by photolithographic technigues.
Photo resist lacquers are affected by exposure 1o white Bght, such that a¥ processing s done under
yellow light with humidity controlled at 40 % £ 5 RH, and temperature between 70-72 °F for- optmum
results. Too much humididy and photo resist will not harden properly. whereas too low a humidity, the
lacquer will harden too rapidly and crack. |f the temperature approaches 80°F, the resist also will not
cure or harden properly even under controlled oven bake out condibons.



Common Chemicals

Hame Formula Mote
1-butancl CHZ{CH,130H Flamrmakble, liguid
cihane, sthyient gyoot | | 2 502 Liie
glr_.l-:-:ulj- ' (HOCH,CH,0H]
g § CzHzM A5
;l:ﬁ-gﬁgilhw (CH j‘-li':SHHEHE,j- Crystalline
2-butoxyethanal CyHgx O x CHy x CHoH Liguid
n-buty! alcche Momal buty alcohol Liguid

foetic acid (HAz, HOAZ) CH,CO0H Tozic {custic)
Aceione CH3COCH,

Acetic anhydride {CHZCO),0 Toxic

fcetone sodium bisuMite CHCOCH, x NaH50, Toxic
fcetylaceions CH 0, Flammable, lguid
fcetylens CaH4

Sburminium chloride Cly Crysialline

Aburn {Potassium) K2AI;(50,), x 24H,0

Ammonia NH3 Toxic, gas




Smmonium biflucride

NH 4F x HF

Toxic

Ammyl alcohol

CH4{CH,); x CH,CH

Flammakle, [szuid

Ammonium paramolybdate

(NH 4)EMo+ 04 x 4H,0

Ammonium fluoride NH,F -
Ammonia water MNH5 + H,C Toxic, liguid
Ammenium molybdate (NH JEMo-Ox 4 % 2H,0 Crystals
Ammonium acetate CHLCOONH,4 Crystalline
.."-'-1111-:"ium chloride .|"1H.1:| .Cr','E'.a line
..l'-'-'n'n-:"ium dicitrate .':541_1"'1;:-.- .Er',-'E'.a line
Ammenium ditarirate (NH 4 1,C,H,OF Crystalline
Ammonia hydoxide NH,CH Toxic, liguid
f'll};'i]d':;ium hydrogen (NH JHF 5 Crystalline
Crysialline

(miclybdic acid)

Ammonium peroxydisulfate

(NH, 25,0,

Crysialline

Ammonium pofysufide

l:"'-l—d_:lES:::

Toxic, liguid




Ammonium thiosulfate (NH, 125,04 Crystalline
Ammenium nitrate NH,NO,
Ammeonium sulfate (MH 41250,
| & i
Antmony frichloride SbCl4
Antmaony trisufide SbgS,
Arsenic tricxide As 04
Argon Ar Gas
| & B
Arsine AsH,

Barium hydrosode

I[Ela[ﬂ Hla
]




Bariurn oxide Bal -
Besetsugar CeHya0 Glucose
Benzens CeHs -
Bismuth chloride BiCly :
Bismuth tricxide Biz05 :
Bleaching powder CaClioCl) BElzach
Borax MNa,B,05x 10 H,0 -

Baoric acid B{OH)4 -
Bromine Bray Toxic, liquid
Benzalkonium chloride i:fﬁ;ﬁi:ﬁ_}?EIE';:E:I::L”E-'I-':"I'EEHE";I' Crystals
Burtyl carbitc Ciethylene glycol mono-butyl ether Liguid
Butyl cellosche 2-butoxyethanal Liguid
Calcium carbonate Cacl, .-
Calcium fluoride CaFs .-
Calcium hydroxide Ca(CH], -
Calcium oxide Ca0 Lime




Cane sugar

CyaHz20 44

Sucrose

Cadmium chloride CdCls x H,O Toxic, Crystalline
Carbolic acid CgH;OH

Carbon disulfide C35,

Carion tetrachloride CCly

Chloroform CHC o

Carbitol Diethylene glycol monoethyl ether Liguid

Cadmium acetate

Cd{CoHy 040

Taoxic, Crystalline

(Chromic acid)

Cerium (V) nitrate Ce(NO,), Crystalline
Cellosolve ethylene glycol monoethy| ether Liguid
Chromium anhydride See chromic acid

Chromium (1) oxide Cry0, Crystalline
Chromium (V1) cxide CrO, Toxic, crystaline

Cifric acid

CeHz07 x HoO

Crystalline




Copper (Il) ammaonium
chloride

ll'"l_d_lz[c..cld] X :_:D

Toxic, crysialine

Copper ammonium
persulfate

[Cu(NH34]S,05

Crystalline

Copper (I} chloride

zu EI2 X HEG

Toxic, crysiafine

Copper (I} nitrate

'H‘Z'.u:‘--luzl:2 ® Ei—Eu

Toxic, crysialine

Copper nifrate CufMogl,
Copper (I} sulfate CuS0y x 3HO Toxic, crystaline
.{'.-:-p per sulfate .'C'-LIE Oy [
Cupric chlonde CuCl, Crystalline
Copper oxide cud
Diborane BoHg
.Die:h;.'le"e glycol .HG CHACH5)20 .Li-: wid

Diethylene glycol
rmionobutyl ether

See bulyl carbitol

Diethylene glycol
micnoethyl ether

See ether

Diethyl ether

See ether




Sthane CoHg

cthanethicl CgH 4% Flammable, liguid
I.::-'Eal_ll-'.::'l' sthyl alcohe CH-OH Flammable, liguid
_ CoHgls .

cthylene glycol (HOCH,CH,0H) fFlarmmabbe, liquid
Cthly ether (ether) CHOCH Flammable, liguid
igﬁfb"u?yglllgtclﬂr 2-butoxyethanal Liguid

Cthylene glycol (EG) CH,OHCH,OH

Ethylene CoHya

I:_'.I_I'::Irna"e glycol monoethy See cellosolve

Ethylenediamine (ED) NHCH,INH,

Fermous acetate Fe(C,H,0,)2 x 4H,0 Liguid

Fermic chloride FeCly Crystalline

Fermic oxide Feal5 Red ocher {rouge]
Fermic oxide Fe(OH) Yellow'tan roughe
Femic oxide Fes0y Black rouge




Fermnc nitrate Fe(NO3l; x BH0 Crystals
| Femc sulphide [ el [
Fluchoric acid HEBF, Toxic, liguid
Formic acid HCOOH Fructose, Bguid
.:rU'.E..ga' .':5"12'35 .
- - ':E-_IEDE- e
Glycerol (glycerne) (HOCH,CHOHCH,OH) Liguid
Glucose CeH a0
Gold {I11) chloride AuCly x H,O Crystalline
ydrochioric acid 1 (85 % L:;tr. s acid, Touxic,
| Hydrofluoric acid (HF) | HF (48 % .T:uxic. liquid
Hydrogen peroxide H505 (30 %) Peroxide, liquid
| Hydrogen sulfide I[ Ho3 .Tnxic. gas




Hypochlorous acid

odic acid HIO,

odoform CHI,

ron (I} chleride FeCly x 6H,O Crystalline

ron (ll} nitrate FeiNO4ls x BH,O Crystalline
| ron (1) sulfate [ FeS0, x THLO .Er','E'.a line

Lactic acid C3HO, Liguid

Laciose C15H,0,

Lead acetate

Pb(CH,CO0),

Toxic, crystalfine

Lead sulphit= PoS0, Crysialline
Lead chlorde PBCly
.Lead chromate [ PECr0, .
.Leau:l nitrate [ Po(NO ), .
Lead oxide PO
Lime Cal




Liharge PO

Lithium chloride LiC

Magnesium oxide ~ il
(Magnesia) MgC Crystalline
Magnesium chlonde MgCls Toxic, crysialine
Magnesium hydroxide Mg{OH), Milk of magnesia

Maliose

C15H500.4

Mangansse dioxide

Mn.,

Mercury (Il} nitrate

HEIND ), x 8H,0

Toxic, crystaline

Mercury chloride HgCl, Toxic, crystaline

Mercury nirate Hg5(NO3),

Methane CHy

Methyl alcohol, methanol CH.OH e

(MaOH) 3 Toxic, liquid

Methyl ether CHaOCHS

Methyl ethyl ketone (MEK)

Meta-Mitrcbenzense S
MO, x CeH,y x S05H T

sulphonic 2 X% Lghig X o3 Toxic, liguid

Molybdic acid See ammonium mohizdate Crystals

Muriatic acid Technical grade HEI Liguid




Mitric acid N0, Toxic, liguid
Mitric acid ANO, (70 % White fuming
Mitric acid HNO 4 (T2 %] Yellow fuming
Mitric acid ANO 5 (T4 %) Red fuming
Mitrogen Mo Gas

Cxalic acid CHL0, x 2H,0 Toxic, crysialine
Perchlonic acid HCIO, Toxic, liquid
Perchlorcethylens (PCE] Gl Perk
Phosphoric acid HFO, Toxic, liquid
Phosphine FH;

Phosphorous pentoxide Fols

Plaster of Paris

Cas D-i -j+HEGj-

Picnc acid

M40

Toxic, explosive,
crystaline




Potassium bicarbonate KHCO, Crystalline
Potassium bromide KBr
Potassium carbonate K,C04 Crystalline
Potassium chloride KC Crystalline
Potassium chlorate KCID,
Potassium cyanide KCN Toxic, crysialine
| Potassium dichromate .HgEr537 .T:-xin:. crysialine
Potassium femicyanide Ka[Fe(CN] Crystalline
Potassium ferrocyanide K 4[Fe(CN)] Crystalline
Potassium hydrate solution |KOH + H,0 Toxic, liguid
:S;"::‘ifjj‘ﬂ hydrogen KHFS Crystalline
:'-:-'Ea?ii.-ﬂ hydrogen KHSO, Crystalline
sulfate
Potassium hydroxide KOH Toxic, crystaline
Potassium icdide Kl Crystalline




Potassium metabisulfite KaSa0s Crystalline
Potassium nitrate KND, Crystalline
Potassium nifrite KND, -
Potassium phthalate (di-) | CgHaH-0y Crystalline
Potassium permanganate | KMnO Crystalline
Potassium sulfate KaS0y -
| Potassium thiccyanate .HECH .T:-xi-:. crystaline
Propane C3Hg -

Propionic acid

CH,CH,COOH
= -

ilso)propyl alcohal (IS0 C.H-OH )
S04) a7
Pyrocatechol (P) CgH4(OH), -

~yrophosphorc acid

H,FO,; anhydrous

Crysials or viscous
liquid

Quinone

CEH402

Selenic acid

I|I _EE eld,

Liguid




phosphate

Silver brormide AgBr

Siver chloride AgCl

Siver cyanide AgCN Tozxic, crystaline

Siler iodide Agl

Silver nitrate AgNO, Crysialline

Soap AT 7H3:0

Sodium bisulphite Ma,540: Crystalline

Sodium bicarbonate NaCHO, Crystalline

Sodium carbonate Ma;COo5 x 10H,0 Crystalline
.S-:-::Iiu m chloride .|"-|E:| .Er',-'E'.a line

Sodium chromate Ma,CrO, Crystalline

Sodium cyanide NaCM Toxic, crystaline
.S-:-::Iiu m dichromate ITHEIEC';G-.- x 2H,0 .CF}'E'..E line

Sodium fluonde MaF Crysialline

Sedium hydrogen NagHPO, x 12H,0 Crystalline




Sodium hydroxide MNalH Toxic, crystaline
Sodium icdide .I"13I [

Sodium molybdate Na,MoO, = 2H,0 Liguid
Sodium nitrate NalC, Crystalline
Sodium sulfate Na,s0, Crystalline
Sodium sulfate, anhydrous ITHEIESG.J_ .Er',-'E'.a line
Sodium sulfide Na,s Crystalline
Sodium tetraborate Na,B,0 Crystalline
Sodium thiocyanate NaSCN Crysialline
Sodium thiosulfate (fixer) Na,5505 x 3H,0 Crystalline
Spirits of ammonia .|"1H3. + H G .T:-xi-:. liquid
Stannic chioride SnClg

Stannous chloride SnCl, Crystalline

Stearic acid Cy7H; % SCO0H
Strentium chloride SrCl,
Strontium nitrate Sr{NO3)s

Sucrose

CyaHa20 44




Sulfuric acd H50, (85 %) Toxic, liquid

Sulfamic acid MH,50H Liguid

Sulfur dioxide 30,

Sulfur trioxdde =R

Tartaric acid CyHgO: Ligquid

Thioglycolic acd HSCH,CO0H Liguid
.Thi-:-urea .'35:‘442:I5 .Cr','E'.a line

Tin () chloride

SnCl, x 2H,0

Toxic, crystaline

Toluene

CgHCH,

Turpentine

Vopel's special reagent

Mixture of tar and
(stainfess steel etchant)
sulfurcus acid, boiled
and fitered: protected

Liguid




Weitting agenis

Additives for lowering
surface tension

Surface fension

Water H,0 Liguid
Xylene CHLCH, Flammable, liguid
Zinc chloride Pl L Toxic, crystaline
Zinc oxide Zni -
T 2 B
Zinc sulfate Zn30, -
r =+ B
Zinc dichloride £ril, -
Zirconium sodide £ri -

Zephiran chioride

A proprietary matenal produced in

grades containing about 12 % and 17 %

benzalkonium chlorde as active

constituent. plus some ammaonium acetate; also

called sephran chlonde
Available from pharmacies.

Agueous solution




common Hardness of Matenials

Material KEnoop Hardness
Talc 20
Shver 20
Cooper 163
Alurninium BO-250
Annealed Siee 200
Martensite 500-200
i5lass 530
Carburized Steel 730
Chromium Plating 740
Quarz (Silkeon Dioxde) E20
¥White Cast lIron Ba0
Mitrided Steel gvo
Cementite (lron Carbide) 1025
Zirconia 1180
Zirconiurm Boride 1550
Chromium Carbide 1735
Molybdenum Carbide 1800




Titanium Carbide

1800

Tungsten Carbide

1830

Tantalum Carbide

2000

Alumina

2100

Zirconmum Carbide

2100

Beryllium Carbide

2410

Titanium Carbide

24710

Sdicon Carbide

2430

Aluminium Baoride

2500

Vanadium Carbide 2680
Boron Carbide 2750

Titanium Diboride

4400

Diamond

roog




5rit Size Table

Grit Number Size (pm) Grit Number Size (pm) Emery Grit
Pa0 288.0 80 208.0 -
PE0 201.0 a0 188.0 -
100 162.0 100 148.0 -
P20 127.0 120 118.0 -
~1ED 7a.0 180 Fa.0 3
=240 5a.5 220 Ga.0 2
P2ED h22 240 51.8 -
320 48.2 - - -
P60 405 280 423 1
2400 35.0 320 343 0
PE00 30.2 380 27.3 -
PE00 25.8 400 221 o0
FE00 21.8 -
P1000 18.3 500 1.2 D00
F1200 5.3 800 14.5 -
1500 12.6 aon 12.2 D000
F2000 10.3 1000 a2 -
P2500 B4 1200 fi_5 -
~4000" 50" - - -

Mote: The chart shows the mid-gpoints for the size ranpes for AMNSICAMI graded paper according to
AMEI standard B74:18-1288 and for FEPA graded paper according to FEPA standard 43-GB-1924. The
AMNSUCAMI statandard lists 5iC particles ranges up o 200 grit paper. For the grit ANSIVCAMI papers,
the particles sizes come from the CANI booklet, Coated Abrasives (1986)

" FEPA grts finer then P2500 are not standardized and are graded at the discrefion of the
manufaciurer.



Mohs Hardness Scale

Material Value
Tale-MgSi(OH), 1
Gypsum-Ca30 -2{H,0) 2
Calcite-Call, 3
Fluorite-CaF 4 4
Apatite-Cag{PO 4)3{0OH.F.Cl) 4]
Crthoclase-KAISiy0, f
Guartz-5i0, 7
Topaz-Al,3i0 (F,OH), 8
Corundum-Al, 0, g

Diamond-C

10




Table 1 General comparison of compression monnting resins

Factor Phenohics hes E lates

Cost Low Moderate Moderate Moderate

Ease of use Excellent Moderate Excellent Excellent

Availahility of colors Yes Clear Black only Blue only

Cycle times Excellent Poor Excellent Excellent

Edge retention™ Fair Poor Excellent Moderate

Clarity Opaque Excellent Opagque Opaque

Hardness™ Low Good High High

Form Granular Powder Gramular or Grammlar

powder

Specific gravity, gfcm” 14 095 1.75-2.05% 1.7-19

Colors Black, red, Clear Black Blue
PTEEN

Shrinkage (compression), in.fin. 0.006 0.001-0.003™ 0_.001-0.003

Coefficient of linear thermal 50 28 19

| expansion, (in./in.)"Cx10*

Heat (boiling) etchamnt Senously Soften Holds up n Degrades but not as
depraded heated etchant badly as phenolics

Molding temperature, “C {"F) 150-165 143177 (290— 160-177 (320-350)
(3003300 3500

Molding pressure, MPa (psi) 2128 (3030 1728 (2300~ 2441 (350060007

B __ 4000) 4000) _

Curing time (at temperature and 00-120 = 2-4mm 90-120% 90-120 =

pressure) for 12 mm (0.5 in.) mount

{a) No polymer 15 hard compared to metal except for lead Abrasion/polishing rate relative to metals 15 the
important companson. Epoxies are very good, because fillers make ther prmding/pohshing rates smmlar to

metals.
(b) Glazs-filled epoxy




General comparison of castable

(cold-mounting) resins

Factor Epoxy Actylic Polyester resin
Type Epoxy resin and Acrylic resin and powder Polyester resin
hardener and hardener
Peak 28 (82) 27 (80) 38 (100)
temperature, “C
{"F)
Shore D 82 80 T6
hardness
Cure time 68h Somecurem 3-8 mun 6-8h
45 mm
Comments Moderate hardness, Very fast cure, translocent, some shrmkage Transparent,
low shninkage, mexpensive, and widely used on prmted cicwit  clear, rarely nsed
transparent boards; high exotherm domng polymenzation

Selection of a mounting plastic for a specific application requires detailed consideration of key performance

factors that somefimes can be quite demandmg Some key factors are (Ref 3):




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

PRESSURE APPLIED
= TO INDIVIDUAL
W ] sawpLE

(b)



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




Dual-specimen mount for a nonfixed
sample holder




Typical problems of compression mounting materials

[ Problem Cause Solution

Thermosetting resms
Too large a section m the given mold Increase mold size; reduce specimen size.
area; sharp-comered specimens

Fadial split

Excessive shrmkage of plashc away Decrease meolding temperature; cool moeld
from sample slightly prior to ejection.

Absorbed moisture; entrapped gasses Preheat powder or premold; momentarily
durmg molding release pressure during fluid state.

Too short a cure penod; msufficient Lengthen cure peniod; apply sufficient pressure
pressure during transition from fluid state to solid state.

Insufficient molding Pressure; Use proper molding pressure; increase cure
msufficient time at cure temperature; time. With powders, quckly seal mold closure
mecreased surface area of powdered and apply pressure to eliminate localized
materials Curng.

———

- -,

Unfuszed (woody)
. Excessive mold temperature Decrease mold temperature. Momentarnly
release pressure dunng flow stage.




Typical problems of compression
mounting materials

and blister
Thermoplastic resins
- Powdered media did not reach Increase holdmg fime at maxmmm
maximum femperatore; msufficient temperature.
L time at maximum temperature
Cottonball
Inherent stresses relieved on or after Allow cooling to a lower temperature prior to
ejection ejection; temper mounts m boihing water.
Crazing




Typical problems of castable mounting materials

Problem
Actylics

Cause

Solution

(oS

Too wiolent agitation while blendmg resin and Blend mixture gently to avoid air

hardener

enfrapment.

Buhbles

Polyesters
Insufficient air cure prior to oven cure; oven cure Increase air cure time; decrease oven cure
temperature toc high; resm-to-hardener ratic temperature; comect resm-to-hardener
Incormect ratio.

Cracking
Besin-to-hardener ratic incomect; resm has Comect resin-to-hardemer rabo; keep
oxidized contamers tightly sealed.

Discoloration
FEesin-to-hardener ratie mcormrect; mcomplete Comrect resin-to-hardener ratio; blend

1 blending of resin-hardener nuxture mixture completely.
R

Soft mounts




Typical problems of castable mounting materials

Besin-to-hardener ratic mcomect; mcomplete
blending of resin-hardener nuxture

Comrect resin-to-hardener ratio; blend
mixture completely.

Insufficient air cure prior to oven cure; oven cure
temperature too high; resm-to-hardener ratio
Incorrect

Increase air cure time; decrease oven cure
temperature; comect resm-to-hardener
ratio.

Too viclent agitation while blendmmg resin and
hardener mixture

Blend mixture gently to avold air

enfrapment.

Eesin-to-hardener ratic imcormect; oxdized
hardener

Correct resm-to-hardener rafio; keep
contamners fightly sealed.

Soft mounts

Eesin-to-hardener ratio incomect; incorrect
blending of resin-hardener mxture

Comect resin-to-hardener ratio; blend
mixture completely.

™ .C ™ .. 1T - " ~ o




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.

(a) (B) (e)

\/
7

(d) () n



Heat Tinting

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

e 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 2000x.



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 um (1.6 to
19.7 uin.) 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.



* S
P

Color Etching

pecimens for color etching must be carefully
repared during polishing. Control of scratches is

the most challenging difficulty, particularly for

d
d
d

lloys such as brass. Scratches are often observed
fter color etching, even if the specimen
ppeared to be free of scratches before polishing.

This is a common problem with techniques that

u

-
t

se interference effects to produce an image.
owever, preparation is carried out in virtually
ne same way as for specimens that would be

C
8

nemically etched, but greater attention must be
iven 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 (K25205) or
sodium metabisulfite (Na25205), 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
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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 (Na25203-5H20), citric acid (organic acid), and lead
acetate (Pb(C2H302)2) or cadmium chloride (CdCI2) (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 (Na2Mo04-2H20) 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 Na2ZMo04:2H20 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 Na2Mo0O4 in 100 mL H20 to color the
cathodic cementite. The cementite in the pearlite is blue; grain-boundary
cementite is violet. 500x. (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

S
C
e

nould generally be used as a means of
eaning or improving a mechanically or

ectrolytically prepared surface.



