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In-situ High Temperature X-ray Diffraction Study
on Phase Changes of Steel Materials

W TR #H T Hl -
Minoru Sakai Toru Fujimura Reiichi Yoshioka
TEHAFART 2hir - ¥ IR AR - ¥ TR APRE - e
PERFAGSEEY EFERAOR PEOPACERMM TIEMRR MEERANEMTE - T

H () H{RRW - TH

Synopsis:

"nE

BRMBOSGRIZBIINET R Y 2ORBO BT insity &
WX BT EEERELAE, A AUy TFr -t RRAEEL
72 Seemann-Bohlin # A4 F L EHERATMAFAH AT &2k D,
FEERTOMBOMEEL TS S LA THIZE 42, TORR
OHERFE LT, BB - 2B NOS AN E X UEIEIELE
RO 2y — NAERMEARIE L 2, BEE D L AXRE R
N2 MADUEER> S, B - ZBROANEMT 5 L 581
BELCLD I ENBBNIIHEE S h A, PARES A AR AR A
LEES G, @AY — VRO RISBIEATERA Y AT (0,
DATH) ITRE SR L AR R,

A new-type in-situ X-ray diffractometer for high temperatures was developed in order to elucidate the mechanism of
steel sheet production processes. The combined use of a Seemann-Bohlin camera equipped with imaging plates and a
direct electrical heating furnace was successfully applied to accomplish the measurements of fast phase transformation,
This apparatus was applied to the in-situ measurements of alloying process of galvannealed steel sheets and oxidizing
process of hot-rolled steel sheets at high temperatures, higher than 500°C. From the experimental results of X-ray dif-
fraction spectrum measured, it was clarified that the phase changes of a plated layer delayed as Al content in the coating
increased. The X-ray diffraction measurements of different atmospheric gas compositions showed that the phase changes
of oxide layer of steel were affected by the content of atmospheric gas.
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Fig. 1 Phase diagram of Zn-Fe binary system
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Fig. 2 Phase diagram of Fe-O binary system
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Fig. 3 Schematic view of the high-temperature X-ray diffrac-
tometer
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tion by using [P
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Table 1 System of high-temperature X-ray diffractometer

Heating unit DC current, 10kW (10 V, 1600 A)
Rapid heating: 600°C

Moderate heating: 1500°C

Rapid heating: 470°C/s
Moderate heating: 100°C/min

Alr, inactive gas, low vacuum

Maximum temperature

Maximum heating rate

Chamber atmosphere
X-ray detector Imaging plate

Range of detection angle, Incident angle, 20° : 32 72°
26 Incident angle, 30° : 60° —150°
Angutar resolution 29, 0.1°

Continuous exposure: 1s in mean time
Repeated exposure: 2s

Exposure time
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Photo 1 1P images of galvanealed steel sheet specimen at room

temperature to 470°C for ls; (a) Continuously observed
image at 6 mm/s of 1P speed, (b) Image observed after
quenching
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Photo 2 IP images of galvancaled steel sheet specimen at room

temperature to 470°C; (a) lmages during heating to
470°C at 100°C/min, (b) Image after quenching
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Fig. 6 Change in X-ray diffraction spectra of galvanealed steel

sheet being held at 470°C
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Fig. 7 Change in X-ray diffraction spectra of galvanized steel
sheet specimen (A): Al content = .12 g/m? heating time
205 (470°C)
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Fig. 8 Change in X-ray diffraction spectra of galvanized steel
sheet specimen (B): Al content = 0.17 g/m?, heating time
20s (470°C)

Table 2 Thermal expansion coefiicients of lattice constant of Zn-
Fe alloy, #-Zn and a-Fe
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Fig. 9 X-ray diffraction spectra of oxide layer on steel sheet spec-
imen held at 500°C in N,
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Fig. 10 Xray diffraction spectra of oxide layer on steel sheet
specimen held at 500°C in air
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