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AL\ D HH D b A LicghBeo £1 6 EREROMMIEOMLHEM
RS EE LT, HrRETH Table 1, Chemical compositions of iron slags
HpgEefoc 75,

in the sixth century.

OB & B .
MEDORFEREL X - THLN No.3 No.4 No.5 WEEH | BERHH
Ligo kB HOHEESEY Y B0 Si0, 16.63  19.41 21.34 30. 34 29.49
% &, FIURACKERA IR KB TiO: 0.65 0.46  0.39 24.90 17.57
B (BEiEa 2 1982), BE Al,O 547 6.05 5.69 4.32 4.78
BERT =2 ) gl (ke Fe,0y 73.19 68.90 65.82 30,03 31.98
ip . 1983), %ﬁﬁ 'ﬁ*@%*i}t MnO 0. 4‘7 O. 4:7 O. 51 l. 81 ].. 68
BT AR, L R A T MgO 1.43  1.43 1.93% 2.39 4.69
) CaO .30 212 2.75 4,46 7.78
&7 v RERER DB, “hbd
. ] " K0 0.76  1.04  1.41 1.61 1.59
DEBREV TS 6 Hhidger~ 7 P,Os 0.11 013 0.16 0.15 0.42
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Table 2. Chemical compositions of ores and iron slags in the Kanakuro-tani remains.

o B B B | #® 1 = # 2 | | #3m
HKK-l HKK-2 HKK-3 HKKXH4 ] HKK-5 HKK-6 | HKK-20 HKK-2] | HKK-11

SiO, 38,38 38.85 30.89 20.21 26.11 30.86 10.03 11.39 25.26

TiO; 0.21 2.63 0.21 0.31 0.21 0.43 2.02 3.86 16. 16
AlyO,q 4.94 13. 56 9. 66 5.14 5.91 9.65 4.30 4.87 6.28
Fe:03 50. 00 16.48 36.76 61.61 50. 53 34.91 70.17 42.29 38.53
MnO 2.71 17.30 14. 50 8.01 10.60 15.62 2.38 32.10 3.90
MgO 1.18 3.19 1.62 1.42 1.08 0.87 0.88 1.01 2.60
CaO 2.04 7.82 5.78 2.38 4.25 5.68 9.57 3.53 5.57

X0 0.08 0.13 0.17 0.41 0.68 1.07 0.53 0.55 1.20

P05 0.46 0.35 0.41 0.51 0.63 0.91 0.13 0.40 0.50
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Table 3. Chemical compositions of ores and iron slags in the Gennai-toge remains.

/3 ) 3 B

G-M~(1) G-M-(2) G-M-(3) G-l G-2 G-3 G4 G-5
SiO, 14.30 17.88 3.89 3.10 34.62 29.42 30.67 30.41
TiO, 0.60 0.00 0.20 0.15 0.15 0.16 0.15 0.21
Al:Oq 4.38 5.43 1.02 0.10 4,22 4.39 3.25 5.15
Fe O 7.59 9.42 93.37 95.35 54.02 58.19 62. 84 53.51
MnO 0.11 0.14 0.13 0.12 0.19 0.17 0.23 0.23
MgO 2.44 3.29 0.56 0.29 0.65 0.79 0.36 0.84
CaO 40.35 37.08 0.60 0.58 3.95 4.24 1.48 6.02
Na;O 0.63 0.86 0.00 — — — - —
K0 0.22 0.32 0.00 0.03 1.27 0.93 0.86 0.83
P:0s 9.98 25. 58 0.23 0.27 0.93 1.72 0.16 2.80
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Table 4. Chemical compositions of iron slags produced from iron sands.

g OZS X REHINLASCERs, KS REEEAEY, OK X ARMERN, M 137 REgHE
0Z8-1 0ZS-3 0ZS-4 OZS-5 OZ8-6 KS-8 KS-14 KS-15 KS-16 KS-17

8i0; 15.7 27.8 15.5 26.3 15,1 22.67 25.24  25.01 26.51 23.45
TiO, 12.8 7.6 8.3 7.6 8.5 17. 56 15.15 15.36 16. 59 15.96
Al;Os 6.5 8.4 4.6 8.0 4.2 5.79 5.52 5.20 5.58 5.21
FeyOq 56.2 43.6 63.4 46.8 65.2 43.90  44.62  43.62  39.42  46.68
MnO 0.4 0.4 0.4 0.4 0.4 0.72 0.64 0.74 0.76 0.61
MgO 4.6 5.6 5.9 4.9 3.5 4.55 3.84 4.88 5,70 4.78
CaO 2.4 4.1 1.0 5.1 2.3 3.40 3.68 3.70 4.12 2.27
NayO 0.27 0.36 0.10 0.45 0.10 0.43 0.42 0.40 0.35 0.46
K0 0.6 L1 0.1 1.2 0.5 0.81 0.86 0.75 0.92 0.56
P.O; 0.2 0.3 0.1 0.3 0.2 0.18 0.03 0.32 0.04 0.01

“>v3%, continued

OK-4 OK-5 OK-6 OK-7 IM-1 M-2 IM-3 IM-6 M9 IM-10

SiO. 15.35 12.66 15.86 19.90 15.69  20.88  20.67 20.71 21.11 3.43

TiO; 23.17 17.82  28.81 22.42 27.89 36.02 28,57 31.47 41.23 18.55
Al;O3 3.79 4.71 4,28 7.30 4.18 5.29 5.45 6.37 8.59 2.67
Fep03 51.92  60.13 44.04 41.18 39.15 20,05 30.06  29.16 4.31 68, 88
MnO 1.15 0.90 1.42 1.17 0.92 1.13 1.10 0.80 0.94 0.68
MgO 1.14 1.00 1.51 1.46 6.35 8.26 6.84 4.61 7.24 2.95
CaO 2.52 1.94 2.65 4.74 5.08 7.48 6.42 5.64 15.21 2.29

Na0 — — — — 0.10 0.09 0.14 0.08 0.10 0.05
K0 0.91 0.77 1.28 1.67 0.58 0.77 0.75 1.08 1.25 0.19

P,0; 0.05 0.07 0.14 0.21 0.06 0.00 0.00 0.07 0.02 0.01
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1. Ulvospinel @FeO - TiO,)+Fayalite (2FeO - SiO,)
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3. Ferropseudobrookite (FeO « 2TiOy)
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Fig. 1. The correlation between MgO and
WEEMA TORREREH L BbhD, & TiO; containd in the iron slag.

OEED B B4 U giEgt TiO,, MgO, Ca0 (Gomankubo site Ibaraki Pref.)
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Table 5. Chemical compositions of iron slags in the Gomankubo remains.

M-62 IM-69 IM-61 IM-76 IM-75 IM-74 IM-72 IM-21 IM-63 IM-7l

8iO; 9.77 13.56  20.24  22.57 17.80  25.50  30.53 4.70 18.21 22,43
TiO, 53.38 45,15 27.54 36.35 3589  25.81 23.23 21.26 20.76  20.14
Al;Os 4.93 7.83 7.62 6.78 6.27 7.62 8.49 2.75 5.67 7.98
Fe;O3 18.47 12.33 15. 51 19.28  22.69  27.26 25,49 77.34 43.36 4L.10
MnO 1.47 1.02 1.40 0.81 1.36 0.95 0.89 0.71 0.81 0.89
MgO 7.24 8.62 5.61 4.81 5.55 4,12 4.06 2,62 3.39 2.96
CaO 4.39 11.17 9.51 3.74 5.55 7.50 5.54 0.81 6.47 3.22
Na O — — — — - - - 0.02 - -
K:0 0.85 0.31 2.58 5.66 2.22 0.93 1.64 0.71 1.22 0.97
P:0; 0.00 0.00 0.00 0.01 0.01 0.02 0.13 0.07 0.12 0.02

wv3¥, continued

IM-65 IM-78 IM-10 1IM-77 IM-66 IM-67 IM-17 IM-19 1IM-18 IM-12

Siog 22.21 12,74 3.78  56.01 19.44  30.06 20.54 22.19 21.50  22.09
TiO, 18.87 18,77 18.55 16.75 14.60 14.28 6.06 5.69 5,32 4.90
AlLO; 5.21 5.52 2.67 12.30 5.50 7.09 7.77 8.04 7.35 7.50
Fe;0g 44.46 57,30 68. 88 11.94  51.99 38.64 58,85 57.86 56.76  56.17
~MnO 0.51 0.71 0.68 0.52 0.52 0.52 0.21 0.19 0.28 0.26
MgO 2.02 2.60 2.95 2.94 1.92 1.78 1.61 1.46 1.65 1.99
CaO .31 1.79 2.29 7.79 ~1.71 1.88 3.39 3.07 5,14 5.04
NaO — — 0.05 — — — 0.19 0.17 0.16 0.20
K,0 5.82 0.56 0.19 2.75 4.31 5.71 1.12 .11 1.54 1.55
P:0s 0.02 0.01 0.01 0.02 0.01 0.03 0.25 0.23 0.28 0.29

IMEDEANEL BEN, HEYWEL BBy FL TS (g :1983), =T TiO,,
MgO, CaO 3 BAHEDOHE®, CaO Lo bZERS & DRI D, & OBBFCHEBRT » L v
VAN CTOIARBEEBRE L TR 5,

F5RPEEOHWETH B, TiO: & FeO; LM BAOMHBEAREND T Enb, TiO: B4
DIFEEAERBDETERLTHR LALLM THS, FRIKTFLL 5k MgO it TiO, &
DECHBBERLD b, Licdio TREAPBEFCRFEL T \Ws 2 L BB TE S, 0%
Z0OWEE Mn, Mg, Fe) O« Fe;O5 & 2FeO « TiO; & D EBETH -t EL TL L, MgO &%
DDERT S LIeBEr LER I A D LA TIW,
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Table 6. Chemical compositions of furnace walls in Gomankubo remains.

MHG—4(1) MHG-17 MHG-19 MHG-5 MHG-6(4) MHG-33
5i0g 69.9 68.0 68.5 76.1 69.4 69.2
TiO, 4.5 2.1 3.0 1.o 0.8 0.5
AlLOg 14.2 17.9 13.6 12.9 17.9 19.4
Fez04 3.4 7.6 7.5 4.9 4.4 3.5
MgO 1.7 1.3 1.4 1.0 1.7 1.0
CaO 1.2 0.8 1.6 1.0 0.4 0.2
KO 4.2 2.3 3.8 2.5 4.6 5.8

Wi CaO AR DWTHRD, TS

Brn b5 L, OISR & oM HA .
BRARIZ LT iR Z &dlbomn b, Fic
%6 DFEBEDOHHTEE HTH CaO BAE o
=
LGB ESTRS, FHNbD CO B = .
~— ®
DETE LA LB ST ERTIV, ¥ D LocJ .
==
720 TiO: & CaO BN BHT, - * o .
B AV ABBBPRBBALTERLO : $* ‘e e
L
EREL bR, ﬂ.'
N - A\ Yads .
BRSO bR, R B2 oy 7 REEFHAEYED CaO & TiO;
B Lol b Mo BRBERITFELTY DB (FR)
. . Fig. 2. The correlation between CaO and TiO;
e, Lichio Thhbhil, TOBET containd in the iron slag. (Gomankubo
3 A Y BRI M R DT & site Tharaki Pret.)

Ez k.

TRAREZD L5 PBEEZRATBON LS ZORBKRICOWTIL, SHEOSPRERN LT T
FHTRRB RO T TIIAR A, T v 7 ABHDH 5 WIXTERTE D X 5w CaO & TiO. Wpa %
&8 Perovskite (CaTiOs) ®1ED, TG THBF 2 vHEHREL TS WS ERITERT
NEZLThHD, ¥, CaO ROOHAR L - T, SEORAGTEER UL 5 — Byl d
BHBHH, TORCOWTUIRBNHEENRD DR LS,

kT v 7 AEBDO X5 CaO RADEWERE LT, TERED, BERARN GBERITUN
—BRARED (BEEED 1 1983) XA Tbhss, ThboBBHCRWTEAA Yy afw2E<L
SUMBERFEA LTI TRERIIE Y,
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Fig. 3, Phase diagram of a part of the system FeO-FeyOs-SiO;.
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Iron-manufacturing Techniques in Ancient Japan Studied from
the Viewpoint of Chemical Compositions of Iron Slags

Hideharu TAKATUKA and Takasi KATURA

Tokyo Institute of Techonology
Ookayama 2-12-1, Meguro-ku, Tokyo 152, Japan

1. The iron manufacturing process in the sixth century in Japan used iron ores and
iron sands. Several iron manufacturing techniques seem to have existed at that time.

2. The raw material used as iron ores was magnetite. The skarn minerals coexisted
with the magnetite were iron-manganese-garnet and amphibole in the Kanakuro-tani rmains
located in Hirosima prefecture, while amphibole in the Gennai-toge remains located in Shiga
prefecture. Another ore was iron sands which consists mainly of titanium magnetite.

3. In some remains MgO contained in iron slags originated from iron sands. Further,
some materials containing CaO might have been added in the process of iron-manufacturing
reactions.

4. In the iron manufacturing process using iron ore, the techniques required that the
temperature were above 1200°C or Po; was 10~ -10-13 atomospheric pressure (calculated at
1300°C). In the iron manufacturing process using iron sands, it was required to condense

titanium existed in the raw material into the iron slags, and remove it.
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