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Steelmaking Mechanisms for a Modified Tatara Furnace

Kazuhiro NAGATA

Synopsis

: Tatara was used to be a traditional process to produce solid steel, so called “Kera”, and/or liquid pig iron, so called “Zuku”, from iron sand and

charcoal using the box type furnace with blowing cold air intermittently. A modified Tatara furnace has been examined on the production

mechanisms of “Kera”. Temeratures and oxygen partial pressures in the furnace were measured by means of thermocouples and oxygen sen-

sors with solid electrolyte of zirconia. Iron sand and a piece of “Kera” produced in the bottom of furnace were sampled and analyzed chemi-

cally or by a electron probe micro analyser. Iron sand is reduced above tuyere and absorbs carbon on fired charcoals in front of the tuyere at

about 1350°C. Many small balls of liquid steel with different carbon content were found in molten slag pool of FeO-saturated silica, so-called

“Noro”, and cohere each other to grow into a bloom. The characteristics of Tatara steelmaking process are low temperature for carbon ab-

sorption of steel at about 1350°C, high oxygen potential in the molten slag of FeO-saturated silica and hypo-eutectic carbon content in steel.

Key words : reaction mechanisms; steelmaking; iron sand; charcoal; bloom; Tatara.
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Fig. 1. Construction of a small Tatara furnace.
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Table 1. Chemical compositions of iron sands (mass%).

Samples T-Fe | Fed Ti0, Si0: Al0; | Mg0 Ca0 S
Hino River 64.0 | 24.0 2.1 4.8 | 122 1 0.34 0.6 0.02

Hil River 58. 1 23. 4 6.7 7.9 1. 59 0. 76 0.48 0.02
(mountain)
Newzealand 55. 8 23.0 7.0 4.2 3.28 2.97 2. 06 0.02
coast
Iioka coast | 35.6 16.1

Ho 1 249 274 | 9.18 2.45 0. 05
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Fig. 2. Temperature changes in the small Tatara furnace during operation.
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Fig. 3. Oxygen partial pressure changes in the small Tatara furnace during operation.
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Table 2. Chemical compositions of small steel balls sus-
pended in moltem slag poured out from a Tatara
furnace during operation. (Using lioka coast iron
sand for the Tatara furnace at the Higasi No.1 ele-
mentary school)

No. Chemical composition(mass%) Diameter of |Analysis area and
C Si P S particle(mm) | observations

11-1 2.38 ]0.0004)0.174 {0.0207 | 1.5 surface:cementite

11-2 | 1.11 |0.0008 | 0.173 [0.0084 center:parlite

12 2.65 | 0.0054 {0.493 10.0790 [5.0 cementite, graphite
Phosphurized iron

13 0.77 10.0129]0.090 |0.0091 {2.0 containing slag

14 0.87 |0.0032)0.086|0.0081 |80 martensite

blcom |1.28 ]0.0165|0.032 |0.0049 |about 100

(Kera)
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Fig. 4. (a) A steel bloom, “Kera”, produced from the iron
sand of Hii river. :
(b) Many small particles of steel cohered on the
upper surface of “Kera”.
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Table 3. Chemical composition of the blooms of Kera.
Place Composition(mass¥) Place of Iron
C Si P S Ti analysis sand
T. 1. Tech 113 ]0.0102 |0.043 |0.0006 base Hino
1.54 10,0118 |0.057 {0.0009 cementite River
Tana El. 0.20 10.0022 [0.038 |0.003t base Tioka
School 0.99 [0.0118 [0.098 {0.0071 mariensite | coast
Higashi IE [ 1.28 [0.0165 [0.032 |0.0049 base lTioka
[. school 6.08 10.0215 | 0.019 ]0.0026 cementite coast
Yokota 1.04 10.0308 |0.037 {0.0008 base Hii
Shimane * 5.86 |0.0035 | 0.008 {0.0038 cementite River
Hachioji 1.65 0.0005 |[0.037 }0.0138 |0.001 Hii Ri.
Yokota * 2.09 |0.0000 |0.025 |[0.0110 |0.003 |Tama-Hagane |Hii Ri.
Yasukuni * |2.15 |0.0041 [0.022 10.0075 |0.003 |[Tama-Hagane |Hii Ri.
*:Analysis of Tama-hagane (Steel of best quality) produced in big Tatara

furnaces.
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Fig. 5. Condition of temperature and oxygen partial pres-
sure for the reduction of iron sand in Tatara fur-
nace.

Table 4. Chemical composition of slag (mass%).

iron T.Fe | M.Fe | Fe0 Ti0z | Si0; | Al:0s Mgl Ca0 S
sand

Hino 67.4 | 112 | 75.8 | 2.4 5.1 1. 63 0. 50 0.92 0.03
river
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