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Manufacturing Techniques of Fine—Crystalline Steel Weapons and Wrought Iron Nails
Unearthed from the Imperial Armory of Han Dynasty Chang’an City
ZHANG Zhouyu (Beijing 100023) LIANG Honggang (Langfang, Hebei 065001)
CHEN Jianli (Beijing 100871) QIAN Wei (Beijing 100083) LIU Zhendong (Beijing 100101)

Abstract: This paper analyzes several iron weapons, iron nails, and iron billets excavated from the
site of the Imperial Armory in Han Dynasty Chang’an City. It introduces the concept of endogenous and
exogenous inclusions into the determination of ancient material craftsmanship, based on the characteristic
differences in endogenous and exogenous inclusions generated by various iron and steel production meth-
ods to assist in identifying the manufacturing techniques of different artifacts from the armory. The find-
ings reveal that both the iron weapons and nails are products of the pudding process. The weapons were
made of fine-crystalline steel with moderate carbon content, excellent mechanical properties, and complex
processing techniques, while the nails were composed of softer wrought iron. The iron billets were prod-
ucts of solid-state decarburization of cast iron. It is evident that the armory artisans deliberately selected
different iron and steel materials for crafting items with distinct functions, among which the production of
iron weapons demonstrating the highest level of craftsmanship.

Keywords: Imperial Armory of Han Dynasty Chang’an City; iron weapons, fine-crystalline steel;

endogenous and exogenous inclusions
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