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Analysis of the Products of Ancient and Medieval Low Shaft Furnaces in Japan

Minoru SASAKI

Synopsis : Archaeologsts have classified the ancient and medieval shaft furnace nto three types, “rectangular box”, “self-standing” and “partly-under-

grounded” Although the shaft wall lost its original shape, they have tried to pick up the brick pieces and reconstruct the wall The heights of

the restored shaft are reported to be ranging from about 50 to 70 cm The author supposes that such a low shaft furnace could not have been

able to smelt 1ron sand 1n liquid state

Under the optical microscope, graphite carbon, ledeburite and primary-crystallized cementite were observed i the inner part of metal-rich

rehics and 1dentified to be the remaining structure of pig iron before decarbonization Fair amounts of Cu, P, Nt and/or Co were contained 1n

the excavated pig iron sample These elements are estimated to originate 1n the raw magnetite ore Analytical results of the samples taken

from the three types furnace ruins have not shown any distinguishable relationship among the main slag components

It was considered that most of the ancient and medieval furnaces were operated for steelmaking of pig 1ron

Key words: restoration of furnace, height of shaft wall, minor components 1n pig 1ron, composition of excavated slag.
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(Dhearth of furnace
@place for bellow

@p1g iron of bar form ®lumpy slag

(Dscaffold of slag and fired clay
@~®@layer of fired clay and sand

(Dglassy layer of furnace wall
@unreacted layer of wall
@remaining area of inner wall
(@crude sand

a) ‘rectangular box’ type; Imayoshida-wakabayashi site (Toyohira Town, Hiroshima Pref., 13~14C)
b) ‘self-standing’ type: Kitazawa site (Toyoura Town, Niigata Pref., 12~13C)
¢) partly undergrounded” type; Hanamae 1 site (Kashiwa City, Chiba Pref., 9~10C)

Fig. 1 Three types of the rumns of ancient and medieval low shaft furnaces.

Table 1. Restorated wall height of ancient and medieval
shaft furnaces.

‘rectangular box’ type ruins ; 8C

50cm for Hachikuma

60cn for Kinazako

65cm for Iwabu-Tenno

60cn for Mukaida G No. 1

62cn for Nagatoro No.3

68cm for Ofunazako-A No. 15

(the length of broken-down shaft wall)
‘self-standing’ type ruins , 12~13C

approximately 70cm for Kitazawa
‘partly undergrounded’ type ruins ;

not reported
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a)Kinazako ruines; Kamo Town, Okayama Pref., 8C
b)Hachikuma ruines; Shima Town, Fukuoka Pref., 8C

Fig. 2. Restoration of the “rectangular box” type furnace by joining the pieces-of wall bricks.

Fig. 3 Restorated structure model of “rectangular box”
type furnace (Hachikuma ruins).
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Fig 4. Remaming slag on the hearth bottom of “rectangu-
lar box™ type furnace (Tokkowadato ruins; Narita
City, Chiba Pref., 8~9C).
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Fig. 5. Scaffold on the hearth bottom of “rectangular box’
type furnace (Imasaya-yama ruins, Mizuho Town,
Shimane Pref., 8C)

a)external shape
b)illustration of metal-rich layers
c)macro-etching figure
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Fig. 6. Macrostucture of cross-sectional plam of the large metal-rich lump (Sarugai-kita rumns; Kawaguchi City, Saitama Pref,

10C).
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Table 2. Chemical composition of the large lumpy relics of rich metallic iron (Excavated from Makiyama-B ruins¥).

No Reported by Chemical component (mass%) Micro-
C Cu P Ni Co Ti Si S structure
1 | Masami Osawa 1.55 0.106 0.038 0.026 0.042 0.025 <0.001 0.013 pCn**

2 | Pacific Ocean Metal Co. 1.39 0.004 0.02 0.05 — 0.05 0.05 0.009 —_—
3 ibid. 2.73 0.02 0.118 0.05 — 0.002 0.02 0.016 —
x Toyoura Town, Niigata Pref.. The fomer half of 9C.
*x p-Cm ; primary-crystalized cementite.
a)0funazako A site b)Jichi site ¢)Genna)-toge site
- (Tio> — <Co> da0-s  F <Tio> <Co> <C> | <G> |x107
mean value , 0.38 0 64x10°° 013 0.29x107? (portion)
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Fig. 7. Distributions of titanium and cobalt in the materials taken from the ruined furnaces.
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Table 3 Distribution of cobalt in the excavated materials from ruins.

No Ruins Mean analytical per 1, 000g of iron sand
(type of furnace) | value of iron Cobalt(g) in excavated | Yield of
sand (ppm) paterials* netal(g)
1 | Ofunazako-A Fe 370, 000 iron sand 0.074 81
(rectangular box) Ti 110, 000 slag and metal (21. 9%)
Co 74 (calculated) 0.079
Jichu Fe 580,000 iron sand 0. 150 134
2 | (self-standing) Ti 58, 000 slag and metal (23.1%)
Co 150 (calculated) 0. 050

% All of Ti in iron sand is assumed to transfer into slag.
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Table 4. Chemical compositions of excavated raw pig iron and lump of rich metallic irron
No | Relics Site and period* Chemical component (mass%) Micro-
T.Fe C Cu P M Co Ti structure**
1 Toneri site, 7~8C, plate 86.5 — 0.370 0.88 0.024 0.013 0.03 |pCm+ L
2 | pig Oginohara site, 8CE~9CF, plate | 81.83 — 0.035 0.26 0.018 0.056 — |G+ L
3 iron | Ochikawa site, 9CF, plate metal 4.54 0.06 <0.01 0.01 — <0.01 ”
4 Tama NT-k390 site, 10CL, plate | 91.30 4.16 0.031 0.195 0.022 0.045 Tr pCm+L
5 ibid., lumpy | 89.60 3.76 0.082 0.234 — _— Tr G+1L
6 | lump Nishiura-kita site, 10CL~11C |metal 0.75 0.020 0.202 0.026 0.035 0.059 | Pr + Fr
7| of ibid. metal 1.20 0.008 0.078 0.009 0.024 0.45 |Ce + Fr
8 | rich Nishinoyato site, 11C, 68.33 — 0.014 0.27 0.005 0.015 0.014 | (pCm + L)
9 | metal- | Kitazawa site, 12~13C metal 2.82 0.006 0.226 0.016 0.021 0.006 | G
10 | lic ibid. metal 1.28 0.013 0.006 — — 0.002 | p-Cm
11 { iron ibid. metal 0.814 0.013 0.015 — —  0.006 | pCn

% No. 1;Adachi-ku, Tokyo, No.2;Ichihara City,

Chiba Pref., No.3;Hino City, Tokyo, No. 4, 5;Tama City, Tokyo,

No. 6, 7; Okabe Town, Saitama Pref.,No.8; Yokohama City, Kanagawa Pref., No.9~11;Toyoura Town, Niigata Pref.,
CF,Cl1 and CE;the former half, the later half and the end of the century, respectively.
*x G;graphite, L,ledeburite, Cm;cementite, P;pearlite, Fr,ferrite, ( );estimated structure before rusted.

Table 5 Compositions of the slag samples taken from the ruins of box and concave type furnaces (Tokkowadato site*)

No | Type of Chemical component (mass%) Ca0  Mg0

furnace * |T.Fe Fe0 Fe;0s Si0; Al:0s Ca0 Mg0 Ti0: | Ti0, Ti0,
16 M1928.6 19.3 19.2 37.9 8.89 0.78 2.69 7.35 |0.11 0.37
17 7 [30.0 32.2 6.9 26.7 6.82 503 4.30 12.8 0.39 0.34
18 | box 7 127.1 29.4 5.8 32.0 7.90 4.80 4.04 10.2 0.47 0.40
19 » 1 45.8 12.1 51.1 8.432.78 0.40 3.32 14.4 0.03 0.23
14 Na7A | 26.9 29.9 4.8 29.6 8.07 5.33 3.08 12.8 0.42 0.24
15 Ne7B [ 31.5 37.2 3.4 25.0 6.93 5.42 3.24 12.8 0.42 0.25
21| con- | No6 |51.1 38.2 30.3 12.9 5.19 1.78 1.28 4.95 [0.36 0.26
22 | cave | ~ 53.8 43.8 27.8 12.2 4.31 1.91 1.28 5.30 {0.36 0.24
23 ” 45,2 16.7 38.4 17.4 4.58 4.58 2.57 7.58 |0.60 0.34

* No19 and No6; 8CF,

Ne7A and Ne7B; 2/4 period of 9C.
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