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Technical publications sometimes include scanning electron im-
ages to characterize a microstructure, when the relevant structure could
have very easily been illustrated using a simple light micrograph. When
should one use a light generated image? What are the advantages/dis-
advantages of an electron generated image, particularly; one generated
using a scanning electron microscope (SEM)? While there is some
overlap in the capabilities of these imaging systems; in general, they are
complementary tools, each with their own uses. Standards under the
jurisdiction of ASTM Committee E4 on Metallography offer guidance
to both new and experienced users of both investigative techniques.
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Figure 1. Secondary electron image showing the interlamellar spacing
in the pearlite phase of steel. (4 % picral)

ASTM Committee E4 on metallography, which was created in
1916 in response to developments in the railroad and steel industry,
has the charge of ensuring that metallographic testing standards are
kept current and of use to industry and academia. E4 has evolved
into a Committee of approximately 140 members having jurisdiction
over 35 standards covering sample preparation, etching, and quantita-
tive methods for both light and electron microscopy. Table 1 lists the
standards, under the jurisdiction of Committee E4, which apply to
electron and light microscopy [1].
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Figure 2. Light micrograph of showing ferrite and pearlite phases in
steel. (2% nital)
on many factors, including the size of the electron beam. The size of
this beam can be quantified using the procedures listed in ASTM E986,
“Standard Practice for Scanning Electron Microscope Beam Size Char-
acterization’, ultimately characterizing the resolution of the SEM.

In light microscopy, light waves are controlled using glass lenses
and mirrors. In electron microscopy, the electrons are manipulated by
electromagnetic lenses which use magnetic fields to bend and focus the
electron beam much the same way that mirrors and lenses control light
in an optical microscope. The harnessing of an electron beam, with its
shorter wavelength, has made huge improvements in resolution allow-
ing the illumination of matter on the atomic level [2]. Figure 1 illustrates
an example of the available resolution of a secondary electron image.
The interlamellar spacing in the pearlite structure is clearly evident.

While the resolution of an electron microscope may be superior
to that of a light microscope, the resolution available in a light system
is still very adequate for many applications. When determining the
volume percent pearlite or the ferrite grain size in a steel sample, Figure
2, there is no need to employ electron microscopy. The volume percent-
age of pearlite and ferrite grain size can be determined more easily and
quickly with a light microscope. ASTM E562, “Standard Test Method
for Determining Volume Fraction by Systematic Manual Point Count’,
describes a procedure for estimating the volume fraction of a constitu-
ent in a specimen by means of a point count. ASTM E112, * Standard
Test Methods for Determining Average Grain Size”, describes several
methods for determining average grain size. While the procedure
described in E562 can be employed for electron images, many times it
easier and less time consuming too simply use light microscopy.

Some advantages of each imaging system  PS¥® Teas
can be found in Table 2. When approachinga b :f' ==
new investigation, whether it is a failure analysis T 2
or material characterization, the investigator » h‘_ T
should employ the tools that will most efficiently l\ —T ,.:" - ' ’_"'
achieve the goals of the project. R ; = ,g’. e
The most obvious and significant charac- i i L ALLO
teristic separating the two procedures is that of ®. \ Ay e
resolution. Based on the theories advanced by = i - # e\ e
Rayleigh and Abbe, the resolvable separation : j"‘, f\-_‘_‘ spat e

between two objects in an image is known to
be proportional to the wavelength of the image
source. The resolution of a SEM is dependent

26 H MICROSCOPY TODAY March/April 2004

3% bromine etch.

Figure 3a. Light micrograph showing alumina particles dispersed in a steel matrix, as-polished.
Figure 3b. Secondary electron image showing three-dimensional network of alumina particles,
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Many investigations will, ultimately, use both electron and light
microscopy techniques in pursuing the goals of a particular study.
Figure 3a shows an as-polished microstructure of alumina particles
in material removed from the nozzle of a tundish. To evaluate size and
distribution of the alumina particles in the matrix, the procedures listed
in E1245, “ Standard Practice for Determining the Inclusion or Second-
Phase Constituent Content of Metals by Automatic Image Analysis’,
can be used without any need to examine the specimen using electron
microscopy. However, to determine the three-dimensional morphology
of the alumina, Figure 3b, the specimen can be examined using second-
ary electron imaging. Due to the virtually unlimited numerical aperture
of an electron microscope, the depth of field is improved dramatically.
To prepare the specimen for observation in the SEM, it was immersed
in 3% bromine for several minutes to dissolve the steel matrix, leaving
the alumina clusters exposed. The superior depth of field available by
using a SEM, allows for the entire height of the alumina cluster to be
in focus simultaneously.

Figure 4a shows a light micrograph of exogenous material en-
trapped in the steel substrate. With experience one could begin to

Table 1. Pertinent ASTM standards

Electron Microscopy Light Microscopy

E1351 - Field Replicas E3/E768/E1920/E2015 — Specimen Prep.

E766 ~ Calibrating SEM Mag, E407/E340/E381 — Specimen Etching

E986 ~ SEM Performance Charact. EL12/E1181/E1245/F930/E1382 - Grain Size

E1508 - EDS Quantitative Analysis | E45/E1123(E1245 - Evaluation of Inclusions

E2142 - Inclusion Ratings via SEM | E362/E2109 — Volume Fraction Determin.

E1077/E1268 — Banding & Decarburization

E1951 — Microscope Calibration

Table 2. Advantages of Imaging Sources

Electron Microscopy Light Microscopy

Resolution Resolution

Depth of field- 3D appearance of
images- examination of as-received
material

Relatively easy microstructural character-
ization

Acquisition of chemical infor-
mation

Relatively larger area of sampling - facilitates
quantitative measurements

Crystallographic structure/

: e : Minimal cost of equipment
orientation information & TR

Different illumination techniques | Different illumination techniques

Figure 4b. EDS spectrum of included material found in steel cross-section.

predict what the composition of the included
material may be, but to be certain, the speci-
men can be evaluated using energy dispersive
spectroscopy ( EDS). Figure 4b shows the cor-
responding EDS spectrum detailing the elements
present in the included material. ASTM E1508,
“ Standard Guide for Quantitative Analysis by
Energy-dispersive Spectroscopy” offers guidance
on developing EDS spectrum and information
on their capabilties and limitations.

To summarize, each illumination technique
has their advantages. The object of any investiga-
tion is to use both systems in a complementary fashion. If enhanced
resolution, improved depth of field and information on the chemistry
of a material are required in an investigation, then electron microscopy
should be the tool of choice. If not, then many times a simple light
microscope will be all that is required to complete the task athand. In
any case, standards under the jurisdiction of ASTM Committee E4 on
Metallography (www. ASTM.org) offer information and procedures to
help both the expert and novice microscopist.

The author would like to acknowledge Linford L. Hahn for his
SEM images and expertise, and Richard L. Bodnar for his guidance
and technical support for this presentation. H
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Calibrate from (10X to 200,000X

This is our third generation,
traceable, magnification
reference standard for all
types of microscopy (SEM,
Optical, STM, AFM, etc.). The
MRS-4 has multiple X and Y
pitch patterns that range
from %2 um (£ 0.045 uym) to
500 uym (+ 0.1 um) and a 6
mm ruler with 1 pm
increments.
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