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Changes in Carbon Content of Materials of the Japanese Sword under Traditional Forging Process
Naohiko Sasaxi and Tadashi MOMONO

Synopsis

Key words :

: The Japanese sword has excellent strength-toughness balance given by two traditional processes. One process is compounding of inner tough

iron and outer strong steel. And the other process is cooling-rate control quenching by using thickness of clay-coating before quenching.
However, it is a precondition for acquiring high strength-toughness that carbon content of sword parts are regulated in proper quantities. Car-
bon content of sword parts is very important and controlled under forging process which contains TSUMI-WAKASHI (forge-welding piled
steel chips) work and fold-forging.

Therefore, changes in carbon content of TAMA-HAGANE steels and carbon steels under traditional forging process were investigated in
this study. Changes in carbon content depended on enclosing decarburized or carburized surface in steel as forge-weld interface. Total
changes in carbon content were proportional to total layers of included surface in steel. Changes in carbon content per one forge-welded
layer. “d (mass%/layer)” was ruled by carbon content of raw materials “C;, (mass%)”. When C, is over 0.2 mass%, carbon content of forged
steel is decreasing and the more C,, the more |d|. C, is under 0.2 mass%, carbon content is increasing. The mass of forged steels is 4% in-
creasing per one fold-forging cycle, but d is not affected by changes in mass of them.

Japanese sword; TAMAHAGANE steel; fold-forging; forge-welding; carbon content; carbon concentration; decarburization; carburization;

diffusion.
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Fig. 1. Illustrations of the Japanese sword forging process.
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Fig. 2. TAMA-HAGANE steels and HESHI chips used in
this study.
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Table 1. Chemical compositions of TAMA-HAGANE imi-
tation carbon steels used in this study. (mass%)

No. C Si Mn P S Ni Cr Mo
1.0%C 0.99 0.03 0.01 <0.003 | 0.0005 0.01 0.01 0.01
0.9%C 0.91 0.03 0.01 <0.003 | 0.0005 0.01 0.01 0.01
0.8%C 0.79 0.03 0.01 <0.003 | 0.0005 0.01 0.01 0.01
0.6%C 0.58 0.03 0.01 <0.003 | 0.0006 0.01 0.01 0.01
0.3%C 0.29 0.02 0.01 <0.003 | 0.0007 0.01 0.01 0.01
0.0%C 0.003 0.01 0.01 <0.003 | 0.0005 | 0.01 0.01 0.01
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Table 2. Chemical compositions of TAMA-HAGANE steels
under fold-forging after TSUMI-WAKASHI work.

(mass%)
TAMA-HAGANE Fold-forging c si p s T
steels cycles
0 0.86 027 0.042 0.0029 0.003
1B 3 0.82 027 0.040 0.0027 0.003
(18 layered) 6 0.74 0.28 0.040 0.0025 0.003
9 0.64 0.29 0.039 0.0025 0.003
12 0.58 0.28 0.042 0.0025 0.004
15 0.54 0.28 0.040 0.0023 0.004
0 0.72 0.28 0.039 0.0040 0.009
2A 3 0.69 0.27 0.036 0.0032 0.010
(18 layered) 6 0.66 0.28 0.035 0.0031 0.010
10 0.61 0.25 0.033 0.0032 0.009
12 0.59 0.28 0.033 0.0030 0.009
15 0.56 0.28 0.034 0.0030 0.010
0 0.59 0.27 0.040 0.0031 0010
2BH 3 0.57 0.26 0.039 0.0027 0.014
(18 layered) 6 0.56 0.26 0.042 0.0027 0.016
9 0.53 0.27 0.042 0.0025 0014
12 0.51 0.27 0.042 0.0021 0.014
15 0.49 0.28 0.040 0.0027 0.014
0 047 0.28 0.043 0.0022 0.015
2BM 3 047 0.28 0.043 0.0025 0.016
(17 layered) 6 0.45 0.28 0.041 0.0025 0.016
9 043 0.26 0.039 0.0027 0.015
12 0.42 028 0.042 0.0025 0.015
15 0.41 0,28 0.042 0.0025 0.014
0 0.22 0.25 0.043 | 0.0033 | 0.010
2BL 3 0.19 0.26 0.042 0.0040 0.006
(16 layered) 6 0.20 0.28 0.042 0.0040 0.010
9 0.19 0.28 0.043 0.0032 0.009
12 0.20 0.29 0.041 0.0033 | 0.008
15 0.20 0.28 0.041 0.0031 0.010
10 T ~
| | TAMA-HAGANE
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Fig. 3. Changes in carbon content of TAMA-HAGANE
steels under fold-forging after TSUMI-WAKASHI
work.
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Fig. 4. Macro structures on a side section of 1B and 2BL
under fold-forging.
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Fig. 5. Changes in carbon content of carbon steels under
fold-forging.
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Fig. 8. Macro structure on a cross section of 1 cycle fold-forged 0.9% C steel (I), and micro structures (II), carbon concentration
distribution (IIT) and Vickers hardness distribution (IV) on a surface part and a forge-welded interface part shown in (I).
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Table 3 Changes in mass of materials of the Japanese
sword under fold-forging.

Fold—forging cycles, | Mass of materials, Rate of mass,
n M, [kel Mo/ M-
Total HESHI chips 2.25 —
0 1.96 —
1 1.88 0.96
2 1.81 0.96
3 1.74 0.96
4 1.66 0.95
5 1.59 0.96
6 1.54 0.97
7 1.48 0.96
8 1.42 0.96
9 1.35 0.95
10 1.29 0.96
11 1.24 0.96
12 1.19 0.96
13 1.15 0.97
14 1.11 0.97
15 1.07 0.96
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