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Utilizing a modern field emission environmental scanning electron microscope (FE-ESEM) coupled
with integrated heating and cooling stages, it is possible to observe materials in-situ using various
experimental conditions. The FE-ESEM yields high contrast, high resolution imaging[1] in different
gaseous environments, allowing for comparative experimentation while viewing the results directly
at the surface. With a hot stage and environmental gas control integrated into the FE-ESEM’s user
interface, grain boundary growth, void generation, sintering[2], surface reorganization, and the
melting of various metals has been observed in real time and time compressed movies are generated
to record these results. These reactions can be altered by the atmosphere in the FE-ESEM and results
are readily observable in-situ[3] throughout the whole experimental temperature range using gas-
amplified signal amplification which is insensitive to light or heat. Results of some experiments
illustrate some opportunities and limitations of bulk material research inside an environmental SEM.
For example, oxidizing reactions are easily favored even in inert environments, however, useful
slowing of these reactions can be observed. The ability to observe changes in material
transformation with various temperature-atmosphere has implications for energy research, metals
research and semiconductor materials.
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2:47:23 PM |20.00 kV|59.7 um| 2 500 x | 795.6 °C Quanta FEG 2
FIG. 1. Image of copper surface at 795.6°C prior to grain boundry shifting. The arrow indicates a
boundry which will be shown to migrate.
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FIG. 2. Image of copper surface <lminute after image in figure 1. Note: Grain boundry has shifted
~4um from location in figure 1.
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