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In-situ Observation of Weld Solidification and Transformation Using Synchrotron Radiation

Yu-ichi Komizo and Hiderori TERASAKI

Synopsis : Time-resolved X-ray diffraction system was studied to characterize the unidirectional solidification and the phase transformation during

welding. Experimental conditions including wavelength of X-ray, scattering angle, incident angle and time-resolution for analyzing the solid-

ification process in welding were made clear. Furthermore, heating and solidification processes for weld metal of 13Cr—9Ni steel in TIG

welding were in-situ analyzed by using the system. The primary phase was identified as delta-phase during solidification with halo pattern for

liquid phase, followed by the peritectic reaction with a spot-like diffraction pattern for delta-phase and austenite phase.
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Power:10V, 160A

Torch scan (1 mm/s)

Beam slit size 5210 deg
(500um X 100pum)

To cooling tower

Camera length
L=302.633 mm

2-dimensional pixel detector

Cooling water Water-cooled copper plate 6.343°

Fig. 1. Schematic drawing of the time-resolved X-ray diffraction system used for in-sifu observation.
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Fig. 2. Scattering geometry and penetration depth estima-
tion for X-ray.
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Fig. 3. Penetration depth of X-ray in &-ferrite as a function
of incident angle in the X-ray energy of 18keV.
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Fig. 5. Equilibrium (solid line) and non-equilibrium
(dashed line) phase diagram in Fe—C system.
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Fig. 4. Calculated free-energy in Fe—C system by using sub-lattice model with Gustafson’s parameter.'”
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Fig. 6. Diffraction patterns for heating process of TIG welding for13Cr—9Ni steel. The welding torch positions were from —9.76

mm to —1.5 mm.

N

o

Intensity (arb.unity
o m - o N oo ow

30.703° 14.977° ¥

X

Fig. 7. Diffraction patterns for solidification process (pri-
mary phase) of TIG welding for 13Cr-9Ni steel.
The welding torch position was +1.25 mm.
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Fig. 8. Diffraction patterns for solidification process (peri-
tectic reaction) of TIG welding for 13Cr—9Ni steel.
The welding torch positions were from +1.39mm
to +1.75mm.
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