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Abstract

The forged iron axe found in the No. 2 wood-framed tomb (the middle
3rd century) of Hwangseongdong, Gyeongju is rectangular on the plane
level. It shows an obtuse angle in the edge part, while the joint part has
the both sides folded up and shows the traces of wood. Under the
reflected light, the iron axe shines in metal luster, which is bright light
gray or light creamy colors. The result of x-ray diffraction analysis shows
that the axe consists of magnetite and geothite, which can explain why the
composition and structure of the original ore has been Kkept intact. The
microtexture of the axe has the irregular network of ferrite and pearlite,
and the cementite of tiny amount in the ferrite background. The overall
treatment of the texture seems to be thermal with a high ratio of carbon.

There are fine-grained magnetite, wolframite, quartz, calcite, mica,

hornblende and pyroxene inside the axe. Those must be the impurities that

_33_



they failed to remove in the refining process. The normal ferrite is
composed of pure iron whose Fe:Os proportion is from 99.16 to 99.84 wt.%.
Other than them, the ferrite parts usually contain AlQOs; and SiO: The
irregular network of pearlite also contains impurities including Al:Os and
Si0; and shows highly diverse patterns of carbon content. It's because the
axe was carburized after the material was made to resemble pure iron.
The decarbonization work didn’t go well along the process marks. It's
estimated that the original ore was bloom produced in low-temperature
reduction and formed around in 727°C, which is eutetic temperature.
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Fig. 1. Photograph showing the Hwangseongdong historic relics in the Gyeongju
(A). Field occurrences of excavated relics in the No. 2 wood-framed tomb (B).
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Fig. 2. Photograph showing 11.5 c¢cm length forged iron axe after conservation
treatment (A). X-ray photograph showing internal texture of the iron axe (B).
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Fig. 3. X- ray powder diffraction patterns of iron axe from the Hwangseongdong
relic site. M; magnetite, G; goethite.
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Fig. 4. Microphotographs of back-scattered electron images (BEI in electron probe
micro analysis (EPMA) showing iron axe from the Hwangseongdong relic site.
(A) Small particle of iron axe occurred with hydroxides compound (right black
part), cementite and ferrite texture. (B) Enlarged pearlite texture composed of
black cementite and white ferrite in photograph A.
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Fig. 5. Analysis images showing X-ray dotted face mapping for AlKa, CKa, FeKa

and OKa radiations of iron axe from the Hwangseongdong relic site.
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