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ARTICLE INFO ABSTRACT
Article history. A bimetal bronze sword, unearibed from Hunan Province China, dating to the Warring States period

(476-221BC) was escamined analytically by optical metallography, neutron diffraction and X-ray diffrac-
tien. The results indicate that the tin content of the blade is 16X, not higher as previously reported. The
birnetallic bronze sword possesses a typical ast structine with annealing on the edge of spine. Distine

Bimetal sword
Chinese branze
Conasian

wias identified, with pseudomorphic malachite having replaced the

Keyworids: ariginal alpha phase. Redeposited copper and unusial phosphors-containing corrosion products were
analysed to investigate the mechanism of formation.

€ 2018 Elsevier Masson $AS. All rights rescrved

1. Introduction

The earliest bimetallic artifacts found in Hebei province and
Beyjing are bronze Yues with meteoritic iron blades dating to the
Middle Shang Periad { 14th century BC). Various bi ic objects

This kind of bimetallic bronze sword was only found in South China,

within the area of the Chu culture and its southward neighbours.
Some bimetallic bronze swords excavated at Jiangxi, Zhejiang.

Hunan and Guangdong were subjected to preliminarily alloy com-
itional 3:.5]showi i tincontents for the blade

such as a bronze dagger with an iron blade, an iron Ben with a
bronze hilt, an iron sword witha bronze kilt and an iron knife with
a bronze hilt dated from Western Zhou Dynasty [11-8th century
EC) to early Spring and Autumn period (770-476 BC) were found
in Henan and Shaanxi province [ 1 |. from the central plain and sur-
rounding area. Iron as a precious material was often used together
with bronze tools and weapons before the advent of its mass pro-
duction in the Late anze Age of ancient China. Recently two
typical iron-by ic artifacts, iron-blade bronze chipping
knife and iron-blade bronze dagger axe (Cein Chinese ), were found
in Liangdaicun village. Han cheng city. Shanxi province. which are
examined technically by metallography [ 2|, the two bimetallic arti-
facts are dated to early Spring and Autumn period (770476 BC).
There are two kinds of bimetallic artifact in Chinese archaeo-
logical finds. iron-bronze combined mechanically, and bronze with
different tin contents on corresponding parts of a sword. During the

as compared with the back. Four bimetallicbronze sword fragments
collected by the Shanghai Museum were examined using X-ray flu-
arescence; the tin content in the blade was found to be 22-24 wi,
while the back had 8-15wtX tin [£,7]. Simulation experiments
designed by the author were used to reconstruct the casting pro-
cesses: the back of the blade is cast first followed by annealing the
tenonslightly, and then the piece-mould of the blade with finished
back inset is prepared for pouning. The back and blade would be
integrated into a completed sword after the liquid metal solidifi-
cation and shrinkage [see Fiz. 1, the middle part is finished firstly
and then inserting to the piece-mould with the blade hollow). Two
bronze bimetallic swords dating to early Warring States Period
(476-221EC) unearthed from Xintai city, Shandong province, were
analyzed by X-ray, CT, XRF and metallography, which show the low
and high tin bronze alloy are used respectively on spine and blade
for every sword [2].
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Each proton collision
releases about 15
neutrons from the

target. In total about
20 million million

neutrons are produced
every second.
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{Revealing the manufacturing and corrosion characteristics of Chinese

archaeological metal arrows by non-destructive neutron techniques)
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