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Analysis of C+0=CO Reaction in Modified Tatara Steelmaking Furnace by Chemical Affinities

Jun TANABE, Susumu KisHI, Shigeo SATO and Kazuhiro NAGATA

Synopsis : Tatara was a Japanese traditional process for producing mainly pig iron, with so called “Zuku” and bloom, so called “Kera”, from iron sand
and charcoal using box type furnace with 1.2 m height and intermittent blowing air. The modified tatara furnace has been examined for inves-
tigating on the production mechanisms of “Kera”. A bloom of “Kera” was produced in the bottom of furnace. Carbon in Kera was analyzed

to be 0.43~2.41 mass%, and the oxygen content was 0.012~0.026 mass%. Iron sand was reduced above tuyere, followed by absorbing car-

bon on fired charcoals in front of the tuyere at about 1550K. The characteristics of tatara process are low temperature of about 1550K for ab-
sorbing carbon into steel. The reactions were carried out under nonequilibrium of C+0=CO reaction.

Key words: steelmaking; iron sand; charcoal; bloom; tatara; chemical affinities.
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Fig. 1. Construction of small Tatara furnace.
Table 1. Chemical composition of iron sands (mass%).
Samples TFet | TiO, | sio, | ALOs| Mgo | ca S
Newzealand coast 55.80 11.10 | 4.193 | 3.697 | 2951 | 2.058 { 0.02
Ni-kawahama coast 57.92 2432 | 8514 1.776 | 6.665 | 4.186 | 0.04

*Fe0,Fe,0;,Fe;0,,Fe0-TiO,
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Table 2. The requirements of steelmaking for modified tatara operations.

Number of operations

Requirements Ist l 2nd ‘ 3rd I 4th Sth

Ni-kawahama|

Iron sand name Newzealand coast+silica sand Comst

Iron sand(kg) 24.5 I 20.0 9.0

Number of iron sand 20 9
charges

Charcoal(kg) 1~2kg /charge

The number of the 1 | 2
{tuyere

Table 3. Chemical composition of Kera blooms.

Chemical composition(mass%) Place of
C Mn Si P S o Ti analysis
Plesent study Ist 0.83 | 0.16 [0.024 [0.016 [0.0019]0.026 ] 0.003 base
Plesent study 2nd 0.82 | 0.21 |0.037 {0.018 [0.0072]0.024 | 0.005 base
Plesent study 3rd 2.41 | 0.35 |0.047 ]0.024 [0.0195]0.017 0.004 base
Plesent study 4th 1.69 | 0.31 10.043 [0.029 [0.008210.017] 0.006 base
Plesent study 5th 0.43 | 0.46 {0.056 | 0.038 {0.01470.012 0.008 base

Place

[Yokota* 2.09 0.000 ] 0.025 10.0110 0.003 | Tama-Hagane
Yasukuni* 2.15 0.041 |0.032 [0.0075 0.003 | Tama-Hagane

*Analysis of tama-hagane(Steel of best quaility) produced in big Tatara fumnaces,
and iron sand used hii-river.
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Fig. 2. Temperature changes of tuyer in the small Tatara
furnace operation.

Table 4. Tuyer temperature and chemical affinity of reac-
tion C(s)=C (mass%) in the tuyer part.

€]

e e oM |Temp.(K) | Peofatm)| peoatm)| 8 4G (k) |4 (k)
Ist 1719 | 0854 | 14600214 [-1522 [70.18
2nd 1668 | 0.867 | 0133 |oq0320|-1578 16313
3rd 1488 1 0.872 | 0028 | 120 |-18.03 [44
4th 1505 [ 0.874 | 0126 | o1i0 | -17.80 [4s46
Sth 1395|0844 | 0156 10206 [ -19.38 [3772

Table 5. Kera generation temperature and chemical affinity
of reaction C+0O=CO in the Kera generation
part.

The OPErAtion| Zamp (K) | (mass% Cll{mass% 0| AG%(k1)| Kz | 4o(k)
st 580 | 083 0026 | 83.10 [15.22 [34.96
2nd 1538 | 082 0.024 | 8117 [15.78 [ 3307
3rd 1358 | 241 0017 | 7427 1803 |5
4th 1375 1.69 0.017 | 74.92 [ 17.80 | 4241
Sth 1265 | 043 0012 | 7071 11938 112.61
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Fig. 3. The Fe-C phase diagram and temperature and car-
bon composition of the blooms of Kera.
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