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Table 1 Result of heating experiment using pig-iron blocks as raw material

B ARER 5 WRIRER Sy

IBNEE | BURBO | ROLBURDEATZERT | FHNE | ROBURDPEATZERT
(C) Ex(um) | TORRBE%) RBBEE%) | TORZEE%)
800 (72 L) (BLER L TWvh7avy)

900 200~300 > 0.4

1000 400~500 0.1~0.3 '

1100 400~500 <0.1

1150 400~500 <0.1 0.2~0.4 <0.1

1200 400~500 <0.1 <0.2 <0.1
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Photo la Open-type furnace of ookaji with raw material on

hearth part
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Photo Ib Raw material for ookaji, pieces of the hinge

HI e GHOBIERE Gins)
Photo lc  Fixing of raw material from an anterior view
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Photo 2 Appearance of operation
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Fri3a HNE 1 MH O rEEO NG
Photo 3a Appearance of hearth part after the 1st operation

HFI3b ¥ | M HTEE U0 & R
Photo 3b Product fused with remaining raw material of the
Ist operation

0
0 | 2 3 4 5 6 7 g

HE 3c ¥ [ TERAE L ER oW
Photo 3¢ Cross section of remaining raw material of the lst
operation
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Photo da Appearance of hearth part after the 2nd operation
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Photo 4b  Product of the 2 nd operation
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a BRREMIR (Lhs)
a Fixing of raw material, overhead view

b LR ECRSL (Hiid S)
b Fixing of raw material, from an anterior view
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c mBhoyin

¢ Inside of furnace during experiment

ki f—g‘*aﬁi“ .
d R o B
d Observing and recording thermograph of raw material

H6 PBYIZ X BT A b E— Z MBI

Photo 6 Heating experiment of pig-iron block by using open-type furnace
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Photo 7a Remaining raw material (upper) and product of the

w0

ey

1 st experiment

AUy
P 25m3 @ 4185 OB

HTb MBI H TR« 6 P/ Bic il U 72o/hek3i
Photo 7b  Molten iron, picked up from the hearth part immedi-
ately after fallen down, produced at 1st experiment
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Gri8a AR 2 A OA(FEE (1) &Rk
Photo 8a Remaining raw material (upper) and product of the
2nd experiment
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Photo 8b Molten iron, picked up from the hearth part immedi-
ately after fallen down, produced at 2nd experiment
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4 1-la 800°CT 30 4rM#EL 727 Z b & — 2D EImALAL [ 1-2b 900°CT 30 50 MEL L 727 Z b E— 2D @B ALEE (KR
Fig. 1-la  Metallurgical structure of the pig-iron block heated SRR
at 800°C for 30 min. Fig. I-2b  Metallurgical structure near the surface of the pig-

iron block heated at 900°C for 30 min.
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[% 1-1b  800°CT 60 3 ME L 727 A b & — 2D {lil#k [4 1-2¢ 900°C T 60 43 MEA L 727 2 b E— 20 Gl #Hl4E
Fig. 1-1b  Metallurgical structure of the pig-iron block heated Fig. 1-2¢  Metallurgical structure of the pig-iron block heated
at 800°C for 60 min. at 900°C for 60 min.

x100  180pm WD11lmm ,. 3 : 28.BkY  x1,080  1@pm WD1lmm

4 1-2a 900°CT 30 4rMEAL 727 & b £ — 2D RlnHlHk [4 1-2d  900°CT 60 53 ME L7725 Z b E— 2D @I HALEE (L
Fig. 1-2a  Metallurgical structure of the pig-iron block heated PERZ N
at 900°C for 30 min. Fig. 1-2d  Metallurgical structure near the surface of the pig-

iron block heated at 900°C for 60 min.
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[ 1-3a  1000°CT 30 MMM L 7o 7 & b E— 2 D BJmHLAE

Fig. 1-3a  Metallurgical structure of the pig-iron block heated

at 1000°C for 30 min.

[ 1-3b  1000°CT 30 43 ME L 727 R b E— Z DO RIRALEE (A
[BEIEZ 19N
Fig. 1-3b  Metallurgical structure near the surface of the pig-
iron block heated at 1000°C for 30 min.

JEOL SEI

4 1-3c  1000°CT 60 4rMEA L7127 X b E— 2O IR ALK
Fig. 1-3c  Metallurgical structure of the pig-iron block heated
at 1000°C for 60 min.

1Bpm WD11imm
[% 1-3d  1000°CT 60 23 ML 727 2 b ¥ — 2D G lmlss (L
il % LK)
Fig. 1-3d Metallurgical structure near the surface of the pig-
iron block heated at 1000°C for 60 min.

WD 1 1mm

X 1-4da  1100°CT 30 43 ME L 72 7 2 b £ — 2O R Lk
Fig. 1-4a  Metallurgical structure of the pig-iron block heated
at 1100°C for 30 min.

s 20.0

[ 1-4b  1100°CT 30 /3B L2 7 2 b E— 2O EImAlEE (LM
3 A 95 K)
Fig. 1-4b  Metallurgical structure near the surface of the pig-
iron block heated at 1100°C for 30 min.
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%800  10pm WD1lmm

B 1-4c  1100°CT 60 4rMEA L 72 7 2 b E— 2D @lm Lk [ 1-5b 1150°CT 30 20 MB L 27 2 b E— 2D mMlkE (R
Fig.1-4c Metallurgical structure of the pig-iron block heated NBUR2/N)
at 1100°C for 60 min. Fig. 1-5b  Metallurgical structure near the surface of the pig-

iron block heated at 1150°C for 30 min.

[ 1-4d 1100°CT 60 43 M L7z 7 2 b E— 2D E@HLEL (L0 [#1-6¢c  1150°C T 60 23 MELL 727 A b E— Z D@4k
i 245 K) Fig. 1-5¢  Metallurgical structure of the pig-iron block heated
Fig. 1-4d  Metallurgical structure near the surface of the pig- at 1150°C for 60 min.

iron block heated at 1100°C for 60 min.

JEOL SEI  2@.8kVY %800  1@pm WD1lmm

4 1-5a  1150°CT 30 3 ML L 7o 7 & b B — 2 D &Jm AL [4 1-5d  1150°CT 60 43 fn# L7z 7 2 b E— 2D m il (L
Fig, 1-5a  Metallurgical structure of the pig-iron block heated fiale 2 41 XD
at 1150°C for 30 min. Fig. 1-5d  Metallurgical structure near the surface of the pig-

iron block heated at 1150°C for 60 min.
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THAKIZIE » 728B43)
Fig. 1-be Metallurgical structure of the pig-iron block heated
at 1150°C for 30 min., the melted part.
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% 0
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[ 1-6a 1200°CT 30 M L7 R b E— 2 DBIRHLEE
Fig. 1-6a Metallurgical structure of the pig-iron block heated
at 1200°C for 30 min.

1 WD 1 1mm

B 1-6b 1200°CT 30 4 N#E L7z 5 2 b E— 2D Em A (EEL
A BLR)

Fig. 1-6b Metallurgical structure near the surface of the pig-

iron block heated at 1200°C for 30 min.

10Bpm WD 1 Imm

7 1-6¢  1200°CT 60 3 M#E L7 7 2 b E— 2D EIRm M4
Fig. 1-6c Metallurgical structure of the pig-iron block heated
at 1200°C for 60 min.

JEOL SEI

[ 1-6d  1200°CT 60 43N L 727 Z b ©— 2 O ERMME (EFE
FE A 9L KD
Fig. 1-6d Metallurgical structure near the surface of the pig-
iron block heated at 1200°C for 60 min.

18pm WD 1 1mm

[x 1-6e  1200°CT 30 4 MEA L7 R b E— 2O EBHME (BRIL
TS » 72853)
Fig. I-6e Metallurgical structure of the pig-iron block heated
at 1200°C for 30 min., the melted part.
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TREFN 43 27

(K2 KEHIZHT 20O RFSEROHLA G E S (&, 1933)
Fig.2 An assortment way of raw material, pig iron, in front of tuyere (Tawara, 1933)

1000-1200(2)0100.irb 100
B 3a  Jp i 5 002 2 002 kA B PO SE B i il (P9 R B30 5 b 1 905 46 1802 K B b P SE U0 i gl (P9 R R
990~1030°C %4 5~ d) 1190~1220°C % /53 9)
Fig.3a Infra-red thermograph of inside of furnace during op- Fig.3b Infra-red thermograph of inside of furnace during op-
eration, showing 990-1030°C at inside wall eration, showing 1190-1220°C at inside wall
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m HD11mm AL JEOL SEI 2@ . BkvY WD 1 1mm

a ZkokT d P, C:14~3%
a Overview d Deep inside, C: 1.4-3%

b KREfE, C: <0.1~03% ), C:0.6~08% e TEED, BEgkoHIFL (C: 3~35%)
b Near the surface, C: <0.1-0.3% on the right side, e Deep inside, C: 3-3.5%, showing structure of pig-iron
C: 0.6 0.8% on the left side

c B, C:12~14%
¢ Inside, C: 1.2-1.4%

4 PRI LU O R (RASRIFEESD

Fig.4 Metallurgical structure of the remaining raw material, surface to the right
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Metallurgical structure of the remaining raw material,

Fig
Fig.5
pig-iron outflowed from within, surface to the right
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JEOL SEI  15.8kV

[
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Metallurgical structure of the product, showing the

[4] 6 a
Fig. 6a

decarbonized surface, surface to the upward

1Bpm WD 18mm

JEOL SEI  15.8kY x400

MR O BIm AL (RIS oD M 17 8 17 2 12 KD

Metallurgical structure near the surface of the product

[ 6 b
Fig. 6b
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Fig. 7a

Fig. Tb

JEOL SET  15.8kVY x40 lEﬂlB}JmWDIBmm

K6c Eosimisk, C 3 ~35%FHIE
Metallurgical structure of the product, C: approx. 3-

3.5%, surface to the downward

JEOL SET  15.8kV x40 100pm WD11mm

M Ta Bt einalil (EERAH U< s i)

Metallurgical structure of the product, showing the

decarbonized surface, surface to the upward

15.0KV 1Bpm WD 1 1ram

) O G A (RIS T oo e i 6 7 4 Bk )
Metallurgical structure near the surface of the product

JEOL SEI x400

[4 7 b s



M 7c Ao sEisk. C 3 ~35%HE
Fig. 7c Metallurgical structure of the product, C: approx. 3-
3.5%, surface to the upward

EEOKRE (145)

M8 ¥ MAIE T 2L OMHEE GUEd 2 ook RZRE (%))
Fig.8 Cross section of the product at the 3rd operation with the numbers showing the carbon content

20. kY

%50 100pm WD1lmm

JEOL SEI

K9 HEIDEICBYIERMPICEETNTOERI 7OHY [X 10a  EGEER THRAT U7t Smis: (RREshkxk L THhas)
A (SR T18) Fig. 10a Metallurgical structure of the remaining raw material,
Fig.9 Minerals of slag in the product at the 3rd operation showing the decarbonized surface to the downward
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[4 10b AJZBR TIRA(F U 72 I5UR O B dm HLAE (RSB 4 fE KD [ 1la  MEAJEER THAF L 72 50R o S lm il CERFR A K L T
Fig. 10a Metallurgical structure near the surface of the re- W5, BARHE H%)

maining raw material, surface to the downward Fig. 1la  Metallurgical structure of the remaining raw material,
showing the decarbonized surface to the downward

N
s 15.8kY 400 18pm WD11mm
B 10c  Fefi U2 ikt o SN 5 45 L TP KE R ek o G LA [ 11 BB Tk U 72 0R o B m ALk (&Rt it o i K
Fig. 10c  Merallurgical structure of the molten iron attached Fig. 11b  Metallurgical structure near the surface of the re-
at the outside of the remaining raw material maining raw material

0L SEI 15 20 18@pm WD11lmm el : S <ol m W1 1mm
B10d i F ez 72 Bzl L 2ot s gk o S n AL B 11 WBapela & BEgkiih o o Be F il oo ImHLEL (B4 11a o i)
Fig.10d Metallurgical structure of the molten iron, picked up Fig. llc  Metallurgical structure around the border between
from the hearth part immediately after fallen down decarbonized part and pig-iron, left-side of Fig. 11a
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Fig. 11d Metallurgical structure around the border between Fig. 11f Metallurgical structure of the molten iron, picked up
decarbonized part and pig-iron, right-side of Fig. 11a from the hearth part immediately after fallen down

pm WD 1 1mm

lle F%AF U7 ER o SRANT 45 U T o 7o biibek o S8 ALk
Fig. lle Merallurgical structure of the molten iron attached
at the outside of the remaining raw material
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Experimental Inspection of Reaction in Furnace of
Ookaji, a Pre-modern Process of Pig Iron Decarbonizing

Tsutomu SAITO, Minoru SAKAMOTO, Motoshige DATE, Hideharu TAKATSUKA
National Museum of Japanese History, 117 Jonai-cho, Sakura City, Chiba, 285-8502, Japan

We examined the detail of reaction in the furnace of ookaji, a decarbonizing process of pig iron
to make wrought iron from the Edo-period to the early Meiji-era, which have disappeared and is
barely recorded.

The followings were proved from the heating experiments in muffle furnace and the experi-
mental operations in scale-down open-type furnace with high-temperature thermography and air
volume system;

1. The purpose of preliminary heating written in the records are to produce an increase in tem-
perature of whole of raw material in preparation for the following fusional heating. The tem-
perature must be 800°C at a maximum not to make decarbonized layer at the surface.

2. Depending on increasing of temperature the raw material is fused and dropped to the hearth
part. The temperature has to be controlled to continue the steady fusion and dropping.
Decarbonizing reaction is occurred by blowing to molten wrought iron, which is accumulated

at the hearth part, not during the dropping from raw material to bottom.
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