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In Situ Observation Technique of High-temperature Reactions Using a
New Image-plate System at Synchrotron Radiation

Masao KIMURA, Muneyuki IMAFUKU, Masao KUROSAKI,
Siro Fuill and Yasuhide MORIMOTO

Synopsis

: A new system has been developed for in situ obsevation of phase transformation at high temperatures. Changes in powder diffraction patterns

from a heated specimen can be measured continuously by scanning an image plate located behind a slit. A heating system is designed for a

sheet specimen (ca. 5X6 mm?) using Joule-heating, and it can heat the specimen up to 1100K at a rate up to 160K/sec, where effects of ther-

mal expansion are minimized by a mechanism releasing stress.

This system was applied to Zn-coated steel. At temperatures higher than the melting point of Zn, different types of Fe—Zn intermetallics

formed sequentially through rapid inter-diffusion. Changes in phase and crystallographic structure were monitored with a time resolution less

than a few seconds. It has been found that an addition of a small amount of elements, such as P, into Fe changes an incubation time before the

alloying reaction starts. This system has been shown to have the potential for application to in situ observation of other reactions at high tem-

peratures.
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Fig. 1. View of the heating chamber for in situ observa-
tion.
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Fig. 2. Schematic diagram of the specimen holder. The
specimen is placed on the Pt-heater. Both ends of
the heater are supported by Cu-holders (Pl and
P2), and P2 can slide. This minimizes the effects of
the thermal expansion of the heater during heating.
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Fig. 3. Geometry of the present system.
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Fig. 4. View of the present system.

RL 7=,
EGEMBUFIZAB T = X — 2 —D ¢-Z 7 — VIZHEE S
N, XEORBADOASE, AAELZNATH, 0.0l mm,
0.001 degree ML FOKEE THIEAEETH S, PO LI L%
KITHRIE T, BEL, BEXEED /4 XE 0 IKR
S kELELEA Y MIED, £ T, XA He F A
TEBRLA-EY LN ZANEERTS LI L, FepgH & DEK
ELXBAIPIZA L WK I ITRFEREFETL 72 (Fig. 4).
EERIZAAB AL -4 — HICHEL, - AfEEHRL
74 . IPRiOD A Y v b % LT Debye-Scherrer ring D&k %
Wi L7z, 7 LGB ICEITZF 54 2+ S {EB O
SRIMNTEEST B 2 L AR L 72, AEBRED in sin R HE
Eal3, (A) SUEMBEUFORERIE, B)IPOAFy ¥, (O)

XHBEAY v v 2 —OFF, OFTXTERAMEE T -7

FEHE T, IPRIOZY v F L TOREETY, A&
IRk S AR AT L 72, IPOEEORTHRE & FHisH
DEREDEDIEEDEEMA S 72012, §XTDIPDF
AE D GHEERT %, — R (% 900sec) ML TH
5fF o1, HABMDER (€27 £LDOF A X) X100
mm T, B FEEOF AR D KEE 1% A20=0.018 degree | <A
L35,

2-3 ##

LH4ALVERAER SN - XIS, BEEREE POIZIES
WA xR, ZOEE 7T ¥ ZIE T K TR L 72§
AVRRLZnIBIZBIE L, TEDYD - E(FERICEM Zn 2 7
AV IBRELER, ASMBFETMEATS I LI2LD
Fe 7Zn DAELRIBAEL X5, ZOASLRICOHIEH
2, WO SENEATERT S LTHEETH S, AEILK
A XRTAETELT, @) A&bmévsy —>, (b) &
BZniah iz AT M AMEBDOAIOR, (o) MICE T B R
MItE, B"EFOoN B0, KERTIE ) DEEELHAND
7DD, ML MEOP AFML ZMHI DWW T Z O2R
AFNRT, ARORK % Table 11ZRT,

HopHZ . ABHERR & U CRIF 07 mm O BRI GUR
FE). B &', PHMUL - Easgk GUBIFEP) &MV 7o,

87

WA A =D v 7T L — b v 25 4 & AOERRKIBO in site B

Table 1. Atomic concentrations of specimens. (wWt%)

Name P C Si Mn S Al Fe
FE <0.001 00024 <0.001 <0.001 0.0002 0.04 matrix
FEP 0.09 0.0016 <0.001 <0.001 0.0002 0.04 matrix
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Fig. 5. Intensity data recorded on IP for specimen FE. The
degree of blackening is proportional to the X-ray
intensity.
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Fig. 6. Time evolution of diffraction pattern during the al-

loying process.
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Fig. 7. Change of relative intensity of the strongest peak of
each phase for the specimens FE and FEP.
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Fig. 8. Parts of Debye-Scherrer rings of specimens FE and
FEP measured after heated.
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