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Abstract

Japanese swords were valuable not only as weapons, but also as traditional works of fine art. Forging technology
and the polishing process are important elements of sword manufacturing. However, there has been little quantitative
discussion of the process. In this paper, the microstructure and the composition of various whetstones used for
polishing are quantitatively evaluated to clarify their characteristics. The effects of differences in the properties of
the whetstones, which are a specific polishing material, on the surface of Japanese steel were examined. The crystal
structure of natural whetstones is hexagonal, and the main component is quartz in the form of SiO». Other impurities
such as C, Al, K, and Mg ions were also detected. In particular, the concentration of C contained in quartz is of great
significance. It was found that increasing the concentration to 13 at% as a threshold gave a hard touch feel, whereas
decreasing it gave a soft touch feel during the polishing. On the other hand, artificial whetstones use SiC or Al,O3 as
the abrasive, and have a more porous structure than natural whetstones. The parameters of the surface morphologies
such as the root mean square and the arithmetic mean roughness were obtained by conducting experiments of
polishing nails made of Japanese steel. The effects of the properties of the whetstone on the surface roughness were
investigated. In the case of an industrial artificial whetstone, a positive correlation was found in which the surface
roughness of the steel surface increased as the roughness of the grindstone increased. Furthermore, a slight negative
correlation was found in the case of the whetstone used for sword polishing.
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Table 1 Example of polishing process for Japanese swords.

Process Grit size Polishing material

1. Shitajitogi

1-1 Kongoudo #180~#200  Artificial or Natural stone
1-2  Binsuido #400 Artificial or Natural stone
1-3  kaiseido #800 Artificial or Natural stone

1-4 Chuunagurado #2000~#3000 Artificial or Natural stone

1-5 Komanagurado - Attificial or Natural stone

1-6  Uchigumorido Natural stone

2. Shiagetogi

2-1 Hazuya - Natural stone

2-2  Jizuya - Natural stone

2-3  Nugui - Paste with iron oxide
2-4 Keshoutogi - Natural stone

2-5 Migaki - Tungsten alloy

2-6  Narume - Natural stone

2-7 Nagashi - Tungsten alloy
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Table 2 Whetstone for Japanese sword.

Process Sample ID Stone type Touch
1-2 Binsui bs-01 Artificial Hard
bs-02 Artificial Hard
bs-03 Natural Soft
1-5 Komanagura kn Artificial -
bn Natural -
1-6 Uchigumori ug-01 Natural -
ug-02 Natural Soft
ug-03 Natural Hard
2-2 Jizuya jz-01 Natural Soft
jz-02 Natural Hard
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Fig. 1 Appearance images of the whetstone for
Japanese sword.
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Table 3 Analysis apparatus and measurement conditions.

Evaluation Apparatus, Model

Measurerment conditions

Surface morphology White light interferometry

Nikon; BW-S507

Crystal structure X-ray diffraction

Bruker; D8-DISCOVER

Composition

Magnification; X 20

Scan area X XY; 561.530X561.518 [um]
Z range; £20 [um]

Scann step; 20 [nm]

X-ray; Cu-Ka

Voltage-Current; 40 [kV]- 40 [mA]

Scan step; 0.02 [deg]

Scan speed; 0.03 [deg/s]

Energy dispersive X-ray analysis  Accelaration voltage; 15 [kV]

JEOL; NeoScope JCM-6000PLUS Magnification; X 100~600

Cross section

Scanning erectro microscope

Accelaration voltage; 10~15 [kV]

JEOL; NeoScope JCM-6000PLUS Magnification; X 100~600

_3_
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Fig. 2 X-ray diffraction profiles from the various whetstone
for Japanese sword.
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Fig. 3 Compositions and concentrations of whetstone
used in Uchigumori process.
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Fig. 4 Cross-sectional SEM images and binarized images
of the whetstone sample of bs-01, bs-03, and #240.
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Fig. 5 Relations of the arithmetic mean roughness
between Wakugi and whetstone as a function of
various kinds of stone type.
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Fig. 6 Relations of the root mean square roughness
between Wakugi and whetstone as a function of
various kinds of stone type.
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