([PUR AW/ 22NN 2

H 2417 72

FEEBOFERIZONT

Wk 85U i RRY - J/E FEY

@F—7—F i (decarbonizing), ## (refining), $t8 (pig iron), #&& (wrought iron),

&BME# (metallurgical structure)

1. ZUHIZ

DHBENICB T AR OB TIE, WUEENIHEES
NiBwH B 6 T S 8 1T 2 & TOMBBRETH T H
WCBSLADH A H B DD, 1FEAEOHE RS
R E URRZMBHE « Bookl & UTHER U TR AT -
Tty £ELTEAMSC EEBME L (L
&, HEUTHBANSC EARNE Lz TBTL | A
H oty BELEPHAOBHERL ENSA B &,
FARIGRAE—TH O T RXTOEEYPENET S b
DTH->TbFTHEL,

BEO TR, BERESADSGoTEM BT, &
hzBT L CHEBEH % 88 (smelting) |, A5
Mokt s, ShOMEBEELGT ARRBEORE BN
9% [¥# (refining) ], €L THGHETHDOD
(8] (85 ] 2%, 2055, TR IO THE,
HAEMTIGMREBRICX 2 [R5 O
& o TR SEMOMEBITHONTED, S51IX
EORECEBOBE, Zho K3 B OBERER
LiTbh, TORNBBLLEVESMIINTHS B
BiR 1990 ; HO - BIF 1994 75 &), £72, [HE8l ©
55, BIEMANBSOEEBNIIH - EMERBSL
BIREREEEET S (8 &) &XiEh3EkE,
AL EEICRD JJRIBGBER St > TEERIN T3,

UL, BRBEEICETREESLTUTDLA, 8o

FORFERKBICEDESETETE @) %2E200
OFHETH B [KBHE] 1270 TE, bEricXEiEo
HIRIE - T3 bODEMOIEANSSEEITEY, Bl
ETRZOEEMNIS OO LT3, bhbh
i, TORBHBIIEBNTEDL ) BRIEMHFRNTEET
WEDLDFHMERHSMIZT BDIC, BERERETE
EAED T D, FRXTE, TREEPERT E&E
DREFATZEMNS, FRIOLFERIZE - T, HEH
FRHOBRETHSEDL S EDLOTRREDOKEESL Z &
MTERDT, TOWREETIo

2. ThECTORELR

G « KIEME TIeZ o T RipER o KBaEE
25, 1iE (1918), 4% (1933) It & » THAHMSEINT
W3 (BB2O0HET, WUHNEELRELHEFPHE
TERBELTVWBEENHHM, UTEREAELT, &b
HIEANBENLIN TS (1933) ORISR, 1iH
(1918) IKBLWTRLBZRILMELDL TV EHERBHIH
DEZAT [ ] AIKEhERTIEILT D), KB
TEHFEL LRI hehEMA (BEUR) 28175
LEHTHY, bEMERLAFEET, HOONIE
Kokt 7 —F R ICEAERL LA/ THEL, ZE -
ML T7—FRONEL» SHRSZ L BB SB35 &,
ZNBHE T TIRICHREOBILRIISNE I EIZL-
THOBRMBE S, L) OMNHHREICHBET 2EEK

D ERIEERIGEYEE  T285-8502 FEELERATHAR 117
D EREBEHKAS  T181-8585 FRE=MHAR 3-10-2

37



MIETETHS, BFEIRELTC2HEITDO, £hEh
[T [(ETHI] T&F] E&idh3, ChosoFED
WmEKER L, K2, FRgtgko®EsH (& 1933)
2K 31T LT,
ZhENOREITE Y BEELROBM AL TIES,
refZl, EE e BRI OB PEERRIL E OGS T N
THMIIERENTHEbIFTIEE L,

I (1918) -

T « —OOHBETHS 120 E~400 B0
T35, BRBESE brizxtl, KK 63
H~90 BEH A, $HIIHN 5%, K&
B FRISESk T3 %L, ETE (K
THICBI BER) TOT%LUT,

38

G \\\\fi.
SR AT . P §&
e i ® atebabales '.P' \
o b 4] \
st 25 N
Jr=—-a! ' 3%
TR 5N
4 J . 3 i .
PR RRS AR L A% Y] 47
$7, I < AN 87 DO
RN SN — -, 4
LN . et =T ”
\5 A RE .~' Q/Q
»} S AL _\? 7
e NS ~ 5 N
A / "Ki": - 9
s R n
™ . -~ T ”
NG . o
-~ o3 - £ SR ,“/’
\\ . - - = 7
. ,/\ - 3:‘.-.. Q,,
< ot s ~
o’ 7, > Ny
- E3 NS
S, 1, 4
) “ 35 7 ) 3}
D )1, M7
’{';Q \’Q’}’ /1,§”\1,\\’ 9

,
i
i
t
|
1
|
1
|
|
|
s

Fig.1

——e— —— -

X1

_..,}..'__':.‘.."..'..‘.’.:'.. =7

L et

X

d o AL
g &T“&%ﬁ%ﬁ
é Ty v .wﬂ*
~
# -
(€ —=R2g->
; (BEAINON 5 :
YOI w“gﬁ *
572 9{‘}{3 ‘.“,",‘;; o '\‘}:{!‘_ o~ ‘*?\
< N B AR
G £ 1 AR AR RUSARIEN "’
A o BRI P SC SN
N5 NS TN b2
S c e C e hy
\\" ‘-J-—.‘Elibi e - r \‘,;
. . - - * e .
4 S BR N
Q' . . * . n*
Y ° - .
N : ~/
A . ‘LAz
\I/\ 7.
:c\ ’,\Q
N OSSN, N XY 7w 2N
’ﬁt :‘\&:Z BN LRy

?‘4\""":"-{'—"’1 N

PARERRREREE R 1o
e -

|
P e o — - =
'

v.
A

Ao o e ETHEE - EUKEEFEH, —0
ORETETHTE~20B20ET 3
GREREBZELHB), ETEL b
st L, Kig 135 B~180 AR, &

f& (1933) :

TS B4R IE 65~T0%,
1 HIZE T 8 50

R LRRICH 1 B,

| %)

H~108%1B2%, XEOERYOKE

BEIZOO TSSO,

ZDHIF

DB LUSEEETT > T, K& 02%LUT &

85,

T+ « 6 ~16cm KOS EB LM A EDH,
—[ADOHBETHRE 039 b 20HT 5,

etk & o

i

BB TRAShIKBERFOBBE (LH, 1918)
A sketch of ookaji furnace in Tottori (Yamada, 1918)

3 =
Gl )
HIEE!
‘}{Pzﬁ
i i -
“Wéﬁ
At R
i IER ! B
Fih
t }il
g
3 '!:‘

A



EEX

A
7TITTTTTIT TTTTTITIT T 7 77T 7T I7 771777777777 777177

fIEK

B2 BHTHRAINAKRBEFOBER (&, 1933)
Fig.2 Another sketch of ookaji furnace in Tottori (Tawara, 1933)
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Fig.8 An assortment way of raw marerial, pig iron, in front FLEFEICL, 2098 -TTHIZE
of tuyere (Tawara, 1933)
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Photo. 1 Forming of Ookaji furnace bottom

a. Furnace bottom b. Fixing of tuyere and forming of hearth part
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a. BBl b, KBAOKF MELUKLIZL0) o BEOZEIRE (Lhs)

d. BEo&IRE Girs) e BEO- L f

Photo. 2 Operation of open-type furnace

Ko Ky
a. Hinge, made from pig iron b. Raw material for Ookaji. piece of the hinge
c¢. Fixing of raw material on hearth part (overhead view) d. Fixing of raw material on hearth part (from an anterior view)

e. Appearance of operation f. Inside of furnace during operation
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Photo. 3

PR D 1 %
a. WEEFEDOH b,

Bk CEinn)

Operation of chimney-type furnace

a. Chimney-type furnace in the middle of forming

c. Appearance of the furnace (side)

e. Appearance of operation

c. HHMM (BUmD  d. BIFto SRR (Wi s) e HEDRE [
b. Appearance of the furnace (front)
d. Fixing of raw material on hearth part (from an anterior view)
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Photo. 4
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Orikaeshi-tanren (forging)

a. Dredging straw ashes
d. Forming by hammering
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d.

b. Sousing ash turbid water
e. Lengthening and folding
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c. Heating in smith-furnace
f. Product
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a. KEENOEEHOIRE b WO IS8 (LB, Fasinst)

c. MDA MK L T IUEHELE

Photo.5 Product of open-type furnace

d. Beic o (45126

a. Product on hearth part b. Product (upper: decarbonized iron product, lower: melted pig iron)

¢. Bottom of raw material. only the surface laver remained

d. Cross section of decarbonized iron product. corresponding to Fig. 5
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Y6 BEREE QLY

a. BERTHEBRICEFOMIC I UARY b WO S hic sty (EASBRAERY), TFAsisk)

c. BepArtomrii (K8 1THIE)
Photo.6 Product of chimney-type furnace

a. Product got out of furnace, immediately after the finish of operation

b. Product (upper: decarbonized iron product, lower: melted pig iron)

c. Cross section of decarbonized iron product, corresponding to Fig. 8
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K4 AROFFETHOERSS (4 ofmilsk (C: 3 %D
Fig.4 Metallurgical structure of raw material, hinge bracket,
in this study.
Pig iron (C: approx. 3 %)
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EROARE (14E)

Fig. 6

Fig. 6d - (EER)

(5 BHECRIZ 3513 2 Mk /b 0k oo W ihi <)
(B2 OO ARIE (%), “Fig" (3 RImHLEBEE B %R 9)
Fig.5 Cross section of ookaji product in open-type furnace
(*The numbers show the carbon content and “Fig” symbols show the area at which metallurgical structure is observed.)

(o4 d

6 BB s 0 B e 1k o G ALk
a. C101% b, C:103% c. C:05% d. C:12%

Fig. 6 Metallurgical structure of ookaji product in open-type furnace
a.C:01% b.C:03% c.C:05% d.C:12%
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("The numbers show the carbon content and “Fig” symbols show the area at which metallurgical structure is observed.)
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The First Trial to Reconstruct Ookajt,
a Pre-modern Process of Pig Iron Decarbonizing

Tsutomu SAITO'’, Akihisa HATTORI®’ and Hideharu TAKATSUKA "’
""National Museum of Japanese History, 117 Jonai-cho, Sakura City, Chiba, 285-8502, Japan

*’International Christian University, 3-10-2 Oosawa, Mitaka City, Tokyo, 181-8585, Japan

We carried out a preliminary experiment of iron refining, as the first trial to reconstruct
Okaji, a pre-modern decarbonizing process of pig iron to make wrought iron, which have disap-
peared and is barely recorded. Pig iron containing 3 % carbon was decarbonized for 1 hour in a
furnace constructed in the similitude of Sageba, the first stage of Ookaji, followed by repeated
forging for 30 min., and finally changed to iron with 0.1 to 0.2% carbon that was near to wrought
iron.

In this study, we didn't control the blast volume finely and measured the temperature in fur-
nace just by visual observation method depending on the experience of an ironsmith.

We estimated the reaction of decarbonizing process in Ookaji furnace as follows;

1. The surface of pig iron is decarbonized at low furnace temperature, and makes a layer of solid
to semi-molten low carbon iron.

2. With rising of furnace temperature, pig iron with high carbon content inside gradually melt,
however it come out coordinatively just bit by bit because of the gate of law carbon layer.

3. Drops of molten pig iron are oxidized and decarbonized in air blast.
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