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Some Considerations of Decarbonizing Process at the “Ohkajiba” Furnace

Yoshiyukt Kato, Yoshio Nuri, Kazuich: Tsubota, Hisash: Matsunaga and Takamutsu Yokoi

Synopsis

: “Ohkayiba”, which 1s the Tatara steelmaking process in Edo and Mejt eras, early modern times, corresponds to the recent steelmaking shop

process including blooming mill process of the integrated ron and steel works Those processes include the decarbonizing process of pig
iron, Zuku and Bugera, the removal process of inclusions, mainly oxides, the homogenizing process and manufacturing process of products
such as “Hocho-tetsu and Waritetsu”, mild steel

Considering the thermal technology 1n early modern times, 1t was supposed not to be able to melt low carbon steel such as the Hocho-tetsu
though pig 1ron was probably able to melt due to 1ts low melting pomnt It means decarbonizing process at the “Ohkajiba™ should basically be
half-melt reaction or solid reaction In spite that the rate of decarbonizing process under this half-melt reaction or solid reaction supposed to
be extremely slow based on the general modern metallurgical reaction kinetics, decarbonizing rate at the “Ohkajiba” was very fast based on
the some descriptions '~ about the operation at the“Ohkajiba” That rate 1s equal to that in large size open-hearth furnaces, though 1t 1s slow-
er than that of large size basic oxygen furnaces Those facts are amazing for modern metallurgists

In this report, supposed operations with decarbonizing process in the “Ohkajiba”, information from a modern blacksmith of Japanese
swords and the simulation results were proposed and some considerations from the point of view of modern metallurgy were discussed
through those results
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Table 1. “Ohkaj1” furnace equipment.”)

Year Area(m?) Foundation(m®) | Furnace(m®) Tuyer(mm)* Bellows | Literature
(AD) | Sageba I Honba LxWxD LxWxD 1D (R-UxL
1784 6 42x7 03 182x182x151 | 115x027x015 | (36-25)x106 |fukisashi x2 1)
1883 | 363x4 85| 485x527 | 151x151x151 | 121x045x045 fukisashi
1897 42x42 63x60 12x15x13 12x0 3x? S(25-30)x350 | fukisashi 2)
H (30-40)x480
(121~151)* | 121x035x0 76 | S(36-30)x600 | fukisashi 3)
H (45-36)x600
083x037x023 " fukisashi 4)
* S Sageba, H Honba
A front elevation Side view
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Fig. 1. An example of “Ohkaj1” furnace.”
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Table 2 Estimated result of decarbonizing rates.

Operation {Clmass% Weight Area of reaction Time . Rate of decarbonization

Before de-C After de-C (kg) (em?) (min) (g/min)  (g/cm? min)

A)Decarbomzation of 363 % 074 3192 40900  (¢p6em-lump?) 12072 779 191x107

pig ron” Zuku” 16,300 (¢ 15cm-lump 2) 476x107

3632 079 16875 12 21,630 (¢p6ecm-lump?)  120'¥ 412 190x10°°

8,650 (¢ 15cm-lump 2) 476x107

B)100t basic open 100x10° ' 2)480,000 (Slag/Metal)'® 5983 96 125x1072

hearth furnace b)1080,000 (Refractory/Metal)' 216 04 200x10™

o) a)b) 6200 397x10°

C)Hot spot of oxygen Jet in LD furnace'® 1~2x10°

D)Vacuum degassing
(RH) 005 0001 300 20 735,000
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Table 3. Decarbonization rates in basic open hearth fur-
nace and high frequency induction furnace.'®

100t basic open hearth furnace

Contact area of slag to bath (F,) 480,000cm?
Area of hearth 1080.000cm?

Mean rate of decarbonization 00062%/rmun

(C=040%)

Total rate of decarbonization 6,200g/min
(C=040%) (A)

Rate of decarbonization by 216 04g/min

reaction of hearth (B)

A-B=C, 5,983 96/min

Oxygen content of bath 00163%

(C=0 40%)
C,/0,% x 10* 36 71g/min
High—frequency induction furnace
Area of free surface (F,) 28 26cm’
Rate of decarbonization from 00608g/min

free surface ( 0,20%) (D)

D x (F,/Fy= C, 1,032 68g/min
Oxygen content of bath 00030%
(C=0 40%)

C,/0% x 10 34 42g/mmn
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Fig. 6. Influence of droplet diameter and falling height on
decarbonization of hquid droplets P=1atm,
T=1933K

Table 4 Decarbonization sites and estimated decarbonization rates

Decarbonization sites Evaluation

Decarbonization Rate(g/::m2 min)

(DSolid phase diffusion, Temperature, 1200°C, Time, t=60min 1 91x107*
FeOxide./ Fe Oxidation rate coefficient, Kc =0 118exp(-29 7/RT) (cm?¥/s)
Diffusion coefficient of C, D=0 663exp(—37 46/RT) {(cm?/s)
®@Slag.” Metal Estimated by the data n 100t Basic open hearth furnace 125x1072
®@Droplet.” Gas Decarbonization of “Zuku”pig ron, A%C=3~02=28 mass%, 887x10™
Height of fall, S=30cm, Diameter of droplet, d=01cm
partial pressure P=1atm,
Gas temperature in the atmosphere =1933 K
@Liquid pool Estimated by the data of free surface in high frequency furnace 216x10™"
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Table 5. Chemical composition of charcoal pig iron.
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Table 6 Experimental conditions and results. 3
e A 1130-1150TC x 60min
Test | Furnace | Heating temperature Region of Result of oy 1 r @ 1250-1300T x 30min
© W 1130-1150C x 30 t
hearth | x time phase diagram Observation x 30min el
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+1160-1190°Cx50 min —Melt down “ ”
+1250°Cup x 15 min Fig. 9 Results of “Zuku” decarbonization
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Fig. 10 The cast-off skin of pig wron (R)
and the molten pig wron (L) after
heating.
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Fig. 13 Cross section of “Hachime-
tetsu” after decarbonization

Fig. 11 An cross section of “Sage-tetsu” (an (C=0.57%).
example of msufficient decaboniza- 5
tion, C%=3.0%). tege ‘ 2 3
Hearth (Dry/Wet) Wet Wet Wet
Bt Operation Preheating Heating Heat up—Melt down
W 1130-1150°C 1160-1190°C >1250°C
ot Time(min) 30 50 15
Stage of "Sage” Zuky
decarbonization P&’
process
Tuyer
Soft air blow -
“Sage-tetsu”="Hachime-tetsu”
“Zuku”pig 1orn at the Complete melt down
R blowing side does not above melting point
W melt down, although the

other side melts down

Fig. 12. Appearance of “Hachime-tetsu”
after decarbonization (C=0.57%).

Fig 14 Stages of “Sage” decarbonizing process
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