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A central theme of modern materials science has been the
exploration of the relationship between the microstructure of a
material and its macroscopic properties. Beginning in the late
19th century, the developing field of metallography permitted
scientists to view the microstructure of metal alloys. Mechanical
polishing followed by selective chemical etching produced dif-
ferential relief on chemically distinct phases or at grain bounda-
ries. With such specimens, reflection optical microscopy re-
vealed structures with micrometer and even finer dimensions.
The microstructural world that was found proved to be highly
complex, and most alloys were observed to be chemically dif-
ferentiated into two or more distinct phases. The answer to
many materials science questions required knowledge of the
specific composition of such fine scale phases. Castaing's re-
search was motivated by these considerations, as evidenced
by the title of his first paper, "Application of electron probes to
metal log raphic analysis".1 The subsequent impact of Cas-
taing's electron probe microanalyzer (EPMA) has occurred
across a broad range of the physical and biological sciences.
Materials science has been one of the most active areas and
chief beneficiaries, as well as a source of researchers who not
only employed electron beam microanalysis to solve their prob-
lems but who also contributed innovations that advanced the
microprobe field. For example, the abstracts of the First Na-
tional Conference on Electron Probe Microanalysis contain nu-

merous examples of advanced applications of the electron micro-
probe to materials science, including analysis of (1) refractory
metal coatings (P. Lubliin and W. Sutkowski), (2) diffusion in the
Ti-Nb system (D. Nagel and L. Birks), (3) Au-Al alloys (C, Nealey),
(4) various steels (H. Nikkei), (5) Al-V-Mo-Ti alloys (R. Olsen), (6)
corrosion of Ni-Co alloy (C. Spengler and R. Stickler), and (7)
analysis of metal oxides and carbides (T. Ziebold).2 Integrated
over 50 years, the impact of electron probe microanalysis on ma-
terials science has been so broad and varied, especially in its con-
tinued development and incorporation within scanning electron
microscopy and analytical electron microscopy, that a suitably
comprehensive review is beyond the scope of this article. Instead,
selected examples of critical applications will be presented to illus-
trate the impact in materials science.

1. Basic materials science information infrastructure: determin-
ing equilibrium phase diagrams.

The equilibrium phase diagram is a basic tool of materials
science, relating composition, temperature, and phase for two or
more elemental or compound constituents. Determining a phase
diagram involves careful studies of the composition-temperature
space with a series of alloys that span the full range of composi-
tion. To preserve the phase equilibrium established by holding the
specimen at a chosen high temperature, a suitably small sample is
rapidly quenched, and the resulting microstructure is studied. This
treatment often results in micrometer-sized discontinuous particles
in a continuous matrix. Only the EPMA (and at even higher spatial
resolution, the closely related analytical electron microscope,
AEM) can characterize such fine chemical phases with sufficient
accuracy to elucidate the phase diagram.

STOP HASSLING WITH
MULTIPLE SERVICE CONTRACTS!

START by putting all of your instruments under one service contract with MAS
(regardless of make or model). Our expert EM SERVICE GROUP has the knowledge

and skill to keep your instrument working at its best.

TENTS / SEM's

HITACHI
JEOL

AM RAY

TOPCON
ISI

PHILIPS
CAMBRIDGE

PREP EQUIPMENT

VACUUM COATERS
MECHANICAL PUMPS

TURBO PUMPS
PLASMA ASHERS
SPUTTER COATERS

WE SERVICE
COMPUTER CONTROLLERS

BEAM BLANKERS

WATER CHILLERS

Contracts and On-Demand
Emergency Service at
Reasonable Rates from
Factory Trained Specialists.

800-421-8451
3945LakcficldCourt Suwanee, Georgia 30024 770-866-3200 FAX 770-SC6-3259 or

SISHuttonSireet SuitelOl Raleigh.NorlbCaroIina 27606 919-E29-70+1 FAX919-829-5S1S

ADVANCED ANALYTICAL PRODUCTS AND SERVICES

- 4 0 -

https://doi.org/10.1017/S1551929500057503  Published online by Cam
bridge U

niversity Press

http://crossmark.crossref.org/dialog?doi=https://doi.org/10.1017/S1551929500057503&domain=pdf
https://doi.org/10.1017/S1551929500057503


2. Two-dimensional chemical structure
The natural evolution of the Castaing EPMA into the scan-

ning electron probe microanalyzer of Cosslett and Duncumb
opened an important new avenue to materials characterization,
the technique of x-ray mapping.4 The ability to visualize the actual
distribution of elemental constituents with x-ray maps has proven
to be one of the most popular methods of presenting EPMA data.
Indeed, qualitative analysis to identify the elements present cou-
pled with x-ray mapping to show their spatial distribution have
probably solved many more practical problems than fully rigorous
quantitative EPMA. With the further co-evolution of the EPMA and
the scanning electron microscope (SEM), the modern composite
SEM/EPMA instrument has emerged, incorporating high resolu-
tion electron imaging and diffraction techniques with x-ray micro-
analysis.5'6

3. Diffusion studies
Diffusion is a critical rate-defining process in many solid state

reactions employed in materials synthesis, fabrication, and proc-
essing, as well as a contributing factor to certain kinds of in-
service failures. The actual rates of diffusion are often low, result-
ing in compositional changes that occur over microscopic spatial
distances. The micrometer to nanometer spatial resolution of
EPMA and AEM is vital to the solution of many diffusion prob-
lems. Additionally, although the absolute accuracy of EPMA/AEM
may be limited to two percent relative or higher in systems with
large matrix corrections, the long-term stability of the EPMA en-
ables the measurement precision to be reduced to well under one
percent relative, permitting sensitive measurements of composi-
tional change from one location to another, such as that found
across diffusion gradients.7'8

4. Solid state reactions; alloy age hardening
An important class of metal alloys are those that undergo age

hardening, that is, the mechanical properties can be modified by
control of time-temperature variables. For example, fabrication
can be carried out while an alloy is in a soft and malleable condi-
tion to place it in the desired shape, after which a particular heat
treatment or simply time at room temperature results in solid state
reactions that result in the precipitation of fine scale phases that
serve to strengthen the final object. EPMA and AEM have helped
elucidate the compositional changes that occur during these reac-
tions, such as the formation of discrete particles and denuded
zones.

5. Coatings and Interfaces
Protective coatings are applied to materials for resistance to

mechanical and environmental challenges, particularly for high
temperature service. Coatings can range in thickness from nano-
meters to micrometers, and EPMA has the sensitivity and spatial
resolution to span this wide range of thicknesses. For film thick-
nesses less than the range of the beam, the composition, thick-
ness, and even depth inhomogeneities can be determined. A se-
quence of measurements (film x-ray intensity normalized by the
bulk pure element intensity) is performed over a range of beam
energies, effectively depth profiling in a non-destructive manner.
Quantitation is based upon <t>(pz) corrections. For thick films,
classic metailographic cross sections can be prepared for probe
analysis byline traces.

6. Light element analysis
The detection of light elements (Be, B, C, N, O, and F) has

become routine with the advent of layered synthetic materials
(LSM) as efficient diffractors of low energy radiation in wavelength
dispersive spectrometry (WDS). Accurate measurement of these

elements has had to take account of pronounced chemical
(bonding) effects on the peak position and shape. Bastin and Hei-
jligers have played a leading role in developing a robust methodol-
ogy to deal with these spectrometric problems.9

7. Material failure analysis
Unanticipated changes in the chemical microstructure during

service, especially when the environment is highly challenging,
can lead to macroscopic failures, EPMA and AEM have been key
contributors to the "Sherlock Holmes" approach to solving such
failures. Catastrophic failure often destroys large scale evidence
that might identify the cause, but microscopic evidence may still
be preserved. •
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