Analytical Methods for Materials

Lesson 4
Metallography
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Reference

*Goodhew, Humphreys and Beanland, Chapter 1
*Brandon and Kaplan, Chapter 3, pp. 123-177

*K. Geels, D.B. Fowler, W-U. Kopp, and M. Ruckert, Metallographic and Materialographic Specimen
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*G.F. Vander Voort, Metallography Principles and Practice, (1999) ASM International, Materials Park, OH. 87




Sample Preparation

Metallography:

« A systematic method to examine microstructure of
materials (mainly metallic materials).

« (Can also be used to examine ceramics, polymers and
semiconductors.

(1) Sectioning
Why sectioning?

1. Size limitation of specimen to be examined under optical
microscope.

2. Locate area needs to be selected from a large sample.
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Sample Preparation

sectioning

« Abrasive Cutting is the most common sectioning method.

Adapted from MECH 4430 Lecture notes by Dr. Jingshen Wu and Dr. Yang Leng, Department of
Mechanical Engineering, Hong Kong University of Science and Technology
(http://www.me.ust.hk/~mejswu/).

89



Sample Preparation

sectioning

Electric Discharge
Machining (EDM)

» Electrically conductive
materials can be produced
via EDM.

« Cutting is accomplished by
an electric discharge
between an electrode and
the sample submerged in a
dielectric fluid.

http://en.bhmachinery.com/login/images/upload/20092141553480249.jpg
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Sample Preparation (a)

sectioning

Microtomy:

» Useful for preparing soft materials
such as polymer samples.

« Steel, glass or diamond
knives in @ microtome can | specimen  specimen
cut samples into very thin

: N . | >~§T_: Knife
sections. [ N\t g L .%FK/\‘

Cut
section

Block Specimen

Sections

)/ TFes |\ B
(a) Adapted from http://www.me.ust.hk/~mejswu/. ' Microscope slide | Crarégﬁf

(b) From http://blass.com.au/definitions/microtome
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Sample Preparation

(2) Mounting

Required when (1) the sample is small or too oddly shaped to be
handled. (2) The sample edge area needs to be examined

Thermal Mounting:

The sample is encased

in thermosetting or thermoplastic
polymers at high temperature and
pressure

Adapted from MECH 4430 Lecture notes by Dr. Jingshen Wu and Dr. Yang Leng, Department of
Mechanical Engineering, Hong Kong University of Science and Technology
(http://www.me.ust.hk/~mejswuy/).
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Sample Preparation Techniques

Cold Mounting;:

The sample is encased in epoxy type materials. Type of epoxy
depends upon material being analyzed.

Adapted from MECH 4430 Lecture notes by Dr. Jingshen Wu and Dr. Yang Leng, Department of
Mechanical Engineering, Hong Kong University of Science and Technology

(http://www.me.ust.hk/~mejswu/). 93



Sample Preparation Techniques

Hot Mounting Materials

Fealures .
Name Matarial
Application Specific property
Resin 1
Electrically Aeryli
feid ) rylic
Electropalishing conductive : .
Low shrinkage Thermoplastic
Resin3
Transparent mounts Transparent Acrylic
Parous material Low shrinkage Thermoplastic
HasinS
; Hard
Edgz;glnegfn Good adhesion Epoxy
Wear resistant Thermosetting

Resin 6

Pre-Mounts

A

For highest requirements

No shrinkage

Cold Mounting Materials

Serial mounting

Medium shrinkage

Bakelite
Thermosetting

Serlal mounting of un-
complicated shapes

Easy 1o handle
Medium shrinkage

Bakelite
Thermosetting

Features Materialfiller
Mame Moulds
Application Specific property G e
Citofix
Serial mounting Low viscosity Epoform
Irrequiarly Good adhesion Acrylic Flexiform
shaped Translucant 7-10min Seriform
specimens Low shrinkage Manoform
Durofix
Serial mounting Low viscosity Acrylic Epaform
Edge retention Hard Mineral fillers Flexiform
Irreqularly shaped | Wear resistant 15T Seriform
specimens Low shrinkage Maonoform
Good adhesion
Polyesler/
Edge retertion W;;err!:ehs?srlgnl Ackyliof }52?3?;%1:1
Planeness Mineral filler
Very low 15-18 min Monoform
shrinkage
ekl Low vapaur=
| P;:':‘ous samples Good adhesion 3h Epoform
ineralogical Low viscosity
samples s
No shrinkage
Low vapour-
Vacuum pressure
impregnation Transparent
Porous samples | Good adhesion 4 I‘fgtnsx%% Epoform
Mineralogical Low viscosity
samples Very low
shrinkage

Adapted from MECH 4430 Lecture notes by Dr. Jingshen Wu and Dr. Yang Leng, Department of

Mechanical Engineering, Hong Kong University of Science and Technology

(http://www.me.ust.hk/~mejswu/).




Sample Preparation Techniques

Adhesive Mounting: The sample is glued to a piece of a large holder

Clamp Mounting: The sample is fixed in mechanical clamping devices

From MECH 4430 Lecture notes by Dr. Jingshen Wu and Dr. Yang Leng, Department of
Mechanical Engineering, Hong Kong University of Science and Technology
(http://www.me.ust.hk/~mejswu/).
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Sample Preparation
(3) Grinding

1.  Removes the damage from the surface produced by sectioning.

2. Grinding also produces damage which must be minimized by
subsequent grinding with finer abrasives.

3. Atthe end of grinding phase, the only grinding damage present
must be from the last grinding step.

4. Such damage will be removed by polishing.

Grinding Materials: Abrasive paper (covered with silicon carbide grit).
Commonly a series of abrasive papers are used from coarse to
fine.

Typical Grit Sequence: 120-, 240-, 320-, 400-, 600-, 1200-, 2400-, etc.

Adapted from MECH 4430 Lecture notes by Dr. Jingshen Wu and Dr. Yang Leng, Department of
Mechanical Engineering, Hong Kong University of Science and Technology
_ : 96
(http://www.me.ust.hk/~mejswu/).



Sample Preparation Techniques

The initial grit size depends on
the surface roughness and
depth of damage from
sectioning.

Surfaces cut with abrasive
cutoff saws generally start with
120- to 240- grit surface
finishes.

Surfaces cut by EDM or
diamond saws generally start
with 320- to 400- grit surface
finishes.

Adapted from MECH 4430 Lecture notes by Dr. Jingshen Wu and Dr. Yang Leng, Department of
Mechanical Engineering, Hong Kong University of Science and Technology
(http://www.me.ust.hk/~mejswu/).
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Sample Preparation Techniques
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Specimen surfaces after grinding and polishing.



Sample Preparation Techniques

(4) Polishing

After being ground to a 600-grit finish (or better), the sample is polished
to produce a flat and scratch-free surface with high reflectivity.

Coarse polishing: abrasives in the range of 30 ym to ~3 pm using
diamond grits of the appropriate size.

Fine polishing: abrasives in the range of 1um or less using diamond
grits of the appropriate size.

Final polishing: 0.25-0.05 um diamond, silica, or alumina slurries.
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Automatic Polishing Machines

Figure 1.24 Polishing on a rotating wheel with a mechanical sample holder.
From Leng, p. 21. 100



Sample Preparation

Artifact structure from improper grinding

Surface deformation from improper grinding should be
avoided, otherwise the microstructure may be obscured.

After FG, scraiches from PG are still visible After diamond polishing, scratches from FG still remain.
Muag: 200 x The very deep vertical scratch might even be left over from PG
Mag: 200 x

Adapted from MECH 4430 Lecture notes by Dr. Jingshen Wu and Dr. Yang Leng, Department of
Mechanical Engineering, Hong Kong University of Science and Technology

(http://www.me.ust.hk/~mejswu/). 101



Sample Preparation

Artifacts from improper polishing

Polishing should produce a scratch-free surface.

Too much pressure can cause artifacts such as the comet tail artifacts
shown below.

e

Bright-field image DIC image

From page 22 in Leng
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Sample Preparation

Grinding

& Clean btw.

S 66.\\00/ every step P S{;% /
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—> Polishing

/
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Polishing

Microstructural
features become
more visible

—> 6um —> 3 um —> | yum —> 0.25 um

Adapted from MECH 4430 Lecture notes by Dr. Jingshen Wu and Dr. Yang Leng, Department of
Mechanical Engineering, Hong Kong University of Science and Technology 103
(http://www.me.ust.hk/~mejswu/).



Optical Microscopy

(5) Etching

Using chemicals to
selectively dissolve the
surface of a material in order
to reveal microstructural
details

Grain boundaries are more
susceptible to etching.

May be revealed as dark
lines.

Due to change in crystal
orientation across GB.

Mlcroscope

pollshed & etched surface

surface groove

\gram boundary
(82 o
9 U [ '~ Adapted from Fig. 4.14(a)
= "13_#,- . (. and|(b), Callister &
3 S JL ' Rethwisch 8e.
L~ I’;I ~— . (Fig. 4.14(b) is courtesy
- ,,T = of L.C. Smith and C. Brady,

3 ?m iy ':;.—_ the National Bureau of

f“h f'_"j"v * Standards, Washington, DC
b & \\rf [now the National Institute of
. P Standards and Technology,
Fe-|Cr o >< S g
, aithersburg, MD].)
~ h“\. >~
(b)
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Sample Preparation

electrolytic polishing/etching

Etching is basically a controlled corrosion process. Results from
electrolytic action between surface areas of different potential.

Electrolytic activity results from local physical or chemical heterogeneities
which render some features anodic and others cathodic under the specific
etching conditions.

Schematic drawing of a galvanic cell
IC_drawing or a gaivanic cell

ANODES

Chemical Etchants produce contrast by ,‘ o
— Crystal faceting =
— Selective phase dissolution.

Common chemical etchants have three
components:

— A corrosive agent (acids) From page 156 in Geels
— A modifier (alcohol, glycerin...)
— An oxidizer (hydrogen peroxide, Fe3*, Cu?*...)

Adapted from MECH 4430 Lecture notes by Dr. Jingshen Wu and Dr. Yang Leng, Department of
Mechanical Engineering, Hong Kong University of Science and Technology

(http://www.me.ust.hk/~mejswu/). 105



Sample Preparation
electrolytic polishing/etching

Thermormetar

‘Anodic Dissolution E [
«— Direct—p'¢—————— |ndirect >

Me + 20H = Me0O + H.O + 2e
Me=Mz"" +2e Me + 2 H =Me™ + HO

Me —~Me™ + 28

: D

. Best Formation ;
L l Polishing ' — i Oxygen

A ‘f—-—-" Farmation of Layer
< Etching—p'¢——— Polishing ————»

Viessel 2

z
3
Current Density in A / cm’
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Electrolyte — \ollage in Volt

Schematic drawing of an electropolishing apparatus. Theoretical current density versus voltage curve
From page 159 in Geels. for electrolytic polishing/etching. From page
159 in Geels.

Specific conditions are needed to ensure best polishing.
Same procedures can be used to anodize materials.
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