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Development of In-situ Microstructure Observation Techniquein Steels
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Abstract

In-situ observation of microstructure change at high temperatureisvaluable techniqueto investigate
the phase transformation, grain growth, and precipitation phenomenon in steels. Although scanning
and transmission electron microscopes are utilized for the in-situ obser vation, these techniques have
some serious problemsrepresented by a surface diffusion effect and a thin foil effect. A new technology
based on the focused ion beam system has been developed to overcome these subjects. A bulk micro-
structurerequired was newly obtained at high temperature by the FIB fabrication, and the microstruc-
ture changes with annealing wer e obser ved, in which a consider able surface artificial effect seemsto be
decreased. Using thistechnique, theintra-granular ferritetransformation process has been investigated,
resulting in a strong proof supporting the Mn depletion effect model for the transfor mation.
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Schematic diagram showing a sample mounting procedure at heating
stage

00 0O00O0O00ooOoUooOoUooDOoUooDOoUOooDOoO
Dall0000MMOoO0ODbMmOOO0O0OOODo0000
Scanning ion micrographs showing a change of microstructure during

a reverse transformation from ferrite to austenite
(a) Ferrite at room temperature. (b) Austenite at 9000 .
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Top view of a heating stage developed for FIB observation
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In situ observation at 11000 of a grain boundary pinning motion by a

precipitation in steel

(a) Pinning of grain boundary, (b) Further pinned by the precipitation,

(c) The grain boundary was pinned off.
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Chemical composition of sampled used for in situ observation of
intragranular ferrite transformation
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(@ 1400°C. 60s /MnS precipitation(GROWTH)

1100°C, 30s

~120°C/min
OBSERVATION
600°C
® 1400°C. 608 MnS precipitation(GROWTH)
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Heating patterns the observe a intra-granular ferrite transformation.
(a) Conventional heating pattern, (b) heating pattern with sample fab-
rication step by FIB.
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(a) t=0s

(b) 8s
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(c) 13s
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In situ observation of ferrite transformation in condition of heating pattern (a). The ferrite transformation occurred at a grain

boundary.
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(b)
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In situ observation of ferrite transformation in condition of heating pattern (b). The ferrite transformation occurred at a

precipitate.
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