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Carburizing and Decarburizing of Iron Nails for Roofing Tiles by Smithing
Masahiko Kato and Shoji HIRAI

Synopsis : Purpose of this study for the possibility of development from mild steel or soft iron to steel, to smith using iron nails for roofing tiles with

low concentration of the carbon as source material.

It analyzed to the change of carbon concentration and the structural change of a metal structure in iron made in each process of the smith.

The smith similar to making the Japanese sword after the iron nail had been made detailed like the plate.

The analysis used the furnace-combustion infrared absorption method for the determinate of the carbon, and used an optical microscopy

and the EPMA analysis for the analysis of a metal structure.

As a result, that was rose up to about 2.6% of the carbon in the mass of iron after carburizing from about 0.1-0.3% of the carbon in iron

nail of source material. At the same time, graphite flakes extracted in metal structure, that it was the gray cast iron. The concentration of the

carbon decreased to about 0.6% in the iron material after smithed, and then graphite flakes were lost.

It was confirmed to be able to adjust the concentration of the carbon, which develop from iron with low concentration of the carbon to

steel.
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Fig. 1. Iron nails for roofing tiles of Nishi-Honganyji.
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Table 1. Analytical results for iron nails for roofing tiles.

element ppm
* C 40~4100
* S 30~70
Hok P 180~1000
Hok Si 100~1400
Na 1.6~110
Al 23~680
Ti <25~59
\% 0.563~30
Cr 4.0~51
Mn 1.0~79
Fe =100%
Co 63~290
Ni 38~320
Cu 27~100
Ga 10~44
As 6.4~40
Mo 8.9~32
Sb 0.78~3.9
La 0.1~0.74
" 0.82~9.4
Au 0.0048~0.11
*: Furnace-combustion infrared analysis
= JCP-AES
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Fig. 2. Plates of iron nail before carbrizing.
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Fig. 3. Mass of iron after carbrizing.

Fig. 4. Iron material after smithing.

Fig. 5. Made knife.
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Table 2. Experimental conditions of a carbon-sulfur ana-

lyzer.
Measuring time e
Heater temperature Waiting time
Carbon Sulfur
1450°C 60s 70s 3s

Table 3. JSS standard samples.

Concentration (%)

Samples

Carbon Sulfur
* JSS057-6 0.52 0.0057
* JSS242-10 — 0.030
JSS030-7 0.196 0.0076
JSS102-6 473 0.0177
JSS174-7 0.042 _
JSS243-4 — 0.346

*: calibration samples
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Fig. 6. Analytical result for carbon concentration.
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Fig. 7. Analytical result for sulfur concentration.

Fig. 8. Metal structure of iron nail: Originating material
(F: ferrite, P: pearlite, N: non-metal inclusion)
(X100).
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Fig. 10. Metal structure of mass of iron: After carbrizing Fig. 12. Metal structure of iron material: After smithing
(X100). (X100).
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Fig. 13. EPMA mapping images of iron material: After smithing.
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