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ABSTRACT & PREFACE

This thesis presents the results of a project to investigate the growth of grains and
movement of grain boundaries in face centred cubic metals, using Environmental
Scanning Electron Microscopy (ESEM). ‘

The original aim proved impractical without considerable modification to the micro-
scope technique. The result of this was an imaging technique suitable for “real-time” .
characterisation of dynamic microstructures, evolving as materials are heated, cooled
or held at high temperatures in the SEM. The technique is adaptable to both conven-
tional “high-vacuum” SEM and environmental SEM. The development of the technique
is described, and its application to hot metal specimens.

The technique has been applied to various metals, but most notably to steel. The proj-
ect has yielded probably the first “real-time” images of grain growth with time in steel, -
the first images of Austenite decomposition and phase change occurring in steel, the
first images of grain growth in a bulk gold alloy and images of grain growth in an alu-
minium alloy.

It is shown that the motion of grain boundaries in polycrystalline metal bulks is dis-
continuous (“jerky”) and that this jerky motion occurs independent of grain boundary
grooving.

It is also shown that the first manifestation of austenite decomposition is an as-yet
unexplained micron-scale “cellular” sub-structure within the austenite grain.

It is further shown that in cooling of steel at slow-to-moderate speeds, the first appear-
ance of permanent non-austenite structure is the precipitation of relatively large car-
bides at surfaces. Unexpectedly, this observation is in a slightly hypo-eutectoid steel,
in which a slight excess of ferrite would be expected, leading to the logical but erro-
neous expectation that pro-eutectoid ferrite should be the first phase to precipitate.

In slow-to-moderate cooling of near-eutectoid steel, it-is shown that the number of
nuclei initiating the austenite-to-pearlite transformation is small by comparison to the
number of austenite grains present and that the austenite-to-pearlite transformation
front sweeps from grain to grain with relative ease.

Some of the work on which this thesis is based has been published. Firstly at The
Institute of Physics Electron Microscopy and Analysis Group bi-annual conference
(EMAG) [Fielden et al. 2003} and subsequently at the Second Joint International
Conference on Recrystallisation and Grain Growth (ReX-GG2) [Fielden & Rodenburg
2004] [Fielden 2004]. The “results” paper [Fielden 2004] was awarded the ReX-GG
committee’s “outstanding young scientist award”. These papers are included as appen-
dices to this thesis.

The technique and its results were published in brief as a short-listed entry in the 2004
UK National Measurement Awards (category 5, materials). The author was selected as
the winner and presented with the 2004 NPL Materials Award, “acknowledging the
development of new techniques for materials measurement and characterisation”.
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