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In-situ Observation of Microstructure Formation Process of Weld Metals by Time-resolved X-ray Diffraction

Mitsuharu YONEMURA, Takahiro OSUK1, Hidenori TERASAKI, Yuichi KoMizo, Masugu SAT0 and Hidenori TOYOKAWA

Synopsis : In-sifu characterization of directional solidification process during welding was carried out using utilizing intense synchrotron radiation.

Then, behaviors of dendrites in steels during welding of a practical manufacturing process were investigated using time-resolved X-ray dif-

fraction with the uniquely-sensitive two-dimensional pixel detector. Consequently, the crystal growth during rapid cooling was caught in

detail by a systematic peak profile analysis in order to acquire the essential information for controlling the weld microstructure. Our results

would suggest the possibility of rotation of dendrites in high alloys and fraction of maximum of shrinkage is corresponded to thermal expand

coeflicient of low alloy in directional solidification during rapid cooling.
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Fig. 1. Experimental set-up of the in-situ observation under the rapid cooling for the welding. The time series transition of the dif-
fraction patterns in the solidification process was measured while a melted spot with the torch fixed on the automatic stage
vertically moving to an X-ray incident beam. The recording by the two-dimensional pixel detector was synchronized with

the moving of the arc welder.
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Fig. 2. Change of the diffraction pattern during heating for
the high alloy (a—d) and low alloy (e-h) during
welding (a) 1210°C, (b) 1280°C, (c¢) 1380°C, (d)
1480°C, (e) 1290°C, (f) 1440°C, (g) 1490°C and
(h) 1500°C. The x—y axis corresponded to that in
Fig. 1.

mitted Electron Microscope: TEM)#{5% % £} L 7=, BT 5H
f#iiL, JEOL-3010 T, MIHAEH:300kV THIE L 7=,
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Fig. 3. Change of the diffraction pattern during cooling for
the high alloy (a—d) and low alloy (e-h) during
welding. (a) 1430°C, (b) 1410°C, (c) 1380°C,
(d) 500°C, (e) 1500°C, (f) 1450°C, (g) 600°C and
(h) 400°C. The x—y axis corresponded to that in
Fig. 1.
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Fig. 4. TEM observation of the y phase for the liquid-tin
quenched metal of the AF mode at the position of
100 yum from the edge of the weld pool. The paral-
lel stripes with the average spacing of 20 nm were
just observed along the growth direction of den-
drites in the microstructure.
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Fig. 5. Relationship of temperature and lattice spacing of
Y220 and a211. (a) Heating and (b) cooling.
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