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Synopsis :

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
diffraction 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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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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Fig. 4 Method of temporally resoluted analysis of Xray diffrac-
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

After quenching Diffraction peaks of alloyed
b [RD Zn-Fe
Time  Temp.
(s) €}
36-38 471470
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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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L a b [

£ (single crystal)§, 0.291 0.279 0.238

(hexagonal) 0.198 — 0.292
Iy (cubic) 0.248 — _
I (cubic) 0.213 — —

n -Zn(hexagonal) 0.179 — (0{.)5‘%?.,)

« Fe(cubic) (O?ié‘é‘,ﬂ,) — —

Tid 440 & LU 470°C T 20 DUER - REFL TR LA A )
BLU B) 26T 500°C BLEICMELS 5 & 6, LA, 440 B
KU 4T0°CIZMBL 4 & Al S h iz, 4L 6, IRt
I, Al BOBLGRK B OBANEL I Latbhhat, 4
Al BEFRMOGRE (O OELD | 440°C T TIZ 6, HE T MY
WUBFHTIRT 2 S5, A2k LTLEIZ L6, KAl BD
AHEOTHEEERENRELI LM 5, InFe L LM
2 MEL0E Fe BELAEV D, FHMEETEFIALOMER
BAEET 5200500 ), B) BLU Q) % 470°C TRIFRIE
FUBR X WM T dnsituy A E L7z, TOER, o280
Al BARIT 3 & I, FHANOTEEI/NE L3I L0
oo ThDS, BEY - PO A OIFMIZEDSH - EBLET
RO FECAl |IEBAER X h, 2o Al s e BlhdlE
EhEl§dankLEioh5,

ZIT, BEEMIZE A TELT 0RO Y — 2 (TED
7 rRID InFe HEOREORK FEROABAERY 4RO T
% Table 2 7t , L2034 % pZn & oFe OWEEE LU @
i &R LA. TOMR, &4 50 aFe (ZIEEBREBRAA
<, BRIIGHILAEE, B ERBESEEE A eS80k
HEENS,

4.2 SR A — LD ERRERE

KA THEHE #3580 5 700°C (2 10°C/s THRIBL . 30s (#
HLTABITEREOERI -2y - L& ER a8, L2y



Inesitu #50E XOBUHMT IS & 5 SRR M B O WS T (Lo b bR 115

O a-Fe
2 FeOy
Temp. Time X FeO
0 (min)
Ader
quenching ~ 8 40 N -
s00 30 L
Held
at 500°C {
500 h
for 30 min g 18
500 3 ,A
Beginning — & 0 A JI
35 40 45 50 53.5

Diffraction angle, 28 (°} [Cu-Kal

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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