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Production Mechanisms of Bloom and Pig Iron by a Small “Tatara” Furnace

Kazuhiro NAGATA

Synopsis : The mechanisms of pig iron “Zuku” making and steel “Kera” making from iron sand and charcoal using small Tatara furnaces have been

cleared. The “Zuku” making furnace has larger zone at high temperature than the “Kera” making furnace. For the “Zuku” making, iron sand

falls down, stays longer in the high temperature zone and is reduced and carbonized in higher carbon steel than for the “Kera” making. The

higher carbon steel becomes molten pig iron and the less carbon steel becomes bloom with 1.0 to 1.5mass% C. From the results of small

Tatara furnaces, the difference of reaction mechanisms of Tatara furnaces for “Kera” making and “Zuku” making in the Meiji period has

been discussed.
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Fig. 1. (a) Picture of small Tatara furnace for pig iron production.

bottom tuyer

(b) Construction of small Tatara furnace.
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Table 1. Operation conditions of a modified small Tatara
and its products.

Run | Iron | Silica | Char- Product Temperature(C) O, press.(atm)
No. | sand | sand | coal Weight Bottom | Tuyer | Shaft | Tuyer Shaft
Gg) | (ke) | (kg) (g
1 (30 0.0 742 | Kera | 5.0 | 1091 | 1349 [ 1159 | 3.5x10" | 3.6x10™

2 (297 [090 | 636 | Kera | 7.7 | 1074 | 1330 | 1123 | 7.6x10™ | 1.5x10™

3 (30 090" | 80.8 | Kera | 7.8° | 1153 | 1316 | 1126 | 2.4x10" | L1x10M

4 [30 045 | 516 | Kera | 69 | 1176 | 1385 | 1156 | 1.8x10™ | 1.5x10™

5 |30 045 | 67.4 | Kera | 6.0 | 1189 | 1416 | 1247 - —

6 [30 045 | 65.0 | Kera | 95 | 1247 | 1371 | 1148 | 2.4x10™ | 1.0x10™

7|30 045 | 519 | Kera | 54 | 1211 | 1370 | 1140 | 7.3x10™ | 1.6x10™

8 20 045 | 416 | Kera | 20° | — — — — —

9 [20 045 | 371 | Kera | 1.3* | — — - — —

10 |20 040 | 424 | Kera | 3.7 | 1288 | 1353 | 1064 — -

11 |20 060 | 374 | Kera | 42 [ 1180 [ 1345 | 1125 — —
12530 [090 | 683 | Zuku | 5.7 | 1134 | 1381 | 1062 | 9.4x10™ —
13% [ 30 060 | 728 | Zuku | 86 | 1212 [ 1319 | 1089 | 4.0x10" | 1.3x10™
14%[30 [060 | 709 | Zuku | 10.1 | 1048 | 1359 | 1056 [ 1.3x10™ | 1.1x10™
15% | 20 050 | 468 { Kera | 55 | — — — - —
16*[30 [060 | 656 | Kera | 80 | — | 1368 | 1082 — —

Note: +:Silica sand was mixed with iron sand of 3kg in first 3 charges. #:Small Kera (1.5kg) was
produced under large one (6.3kg). *:These Kera were separated in several pieces. $:The
furnaces for Zuku production have 2 parallel tuyers and the other furnaces for Kera production
have 1 tuyer. %:The angle of tuyer for furnace No.15 and 16 was about 29° , that for No.12 is
horizontal and those for the other furnaces were 15° .
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Table 2. Chemical composition of iron sand in Tajaroa of
Newsealand and reduced iron sand sampled near
20cm over tuyer for “Kera” production.

Sample T.Fe | FeO | CaO | SiO, | ALO, | MgO | TiO, S Reduction
rate (%)
Iron sand | 56.90 | 28.16 | 1.44 3.82 3.56 3.39 7.65 | 0.003 0.0
No.2-1 58.70 | 70.30 | 2.07 7.82 3.87 3.02 6.46 | 0.009 19.2
No.3-1 58.37 | 6254 | 2.01 | 526 | 358 | 322 | 6.79 | 0.005 29.3
No.3-2 60.58 | 71.07 | 2.09 4.19 3.59 3.37 6.98 | 0.007 18.7
No.4-1 5740 | 5132 | 234 | 549 | 351 | 3.26 | 6.27 | 0.006 35.1
No.4-2 5851 | 7145 | 2.24 6.68 3.68 3.33 6.78 | 0.008 34.3
No.5-1 58.79 | 67.06 | 2.10 5.17 4.10 3.33 7.00 | 0.012 34.2

Note: 2 mass% of silica sand was mixed with the original iron sand. The compositions
of P,0; and MnO in the original iron sand are 0.375 and 0.63 mass%, respectively. Reduction
rate is defined as % of oxygen removed from iron sand. T.Fe is composed of Fe,0, and FeO for
original iron sand and of metallic iron and FeO for reduced iron sand. TiO, combines with
FeO as ilmenite FeTiO,

10cm

Fig. 2. Shape of bloom “Kera” produced on slag “Noro”
for Run No. 6.
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Fig. 4. Shape of slag “Noro” for pig iron “Zuku” produc-
tion, Run No. 14.
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Fig. 5. Pig iron “Zuku” a) and b) produced in the bottom
of furnace and c) flowed out from the furnace of

Run No. 14.

Table 3. Chemical composition of “Kera”.

. | Position | C Si Mn Ti S P

0.000 [ 0.006 | 0.000 | 0.036
0.000 | 0.014 | 0.003 | 0.033
0.000 | 0.051 | 0.079 [1.324
0.000 {0.018 | 0.004 | 0.022
0.000 | 0.045 | 0.007 | 0.279
0.000 | 0.027 | 0.019 ! 0.339
0.088 | 0.035 | 0.549
0.009 | 0.006 | 0.032
0.020 | 0.016 | 0.082
0.063 | 0.133 | 0.828
0.000
0.038
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O 160 [0 = it o o o 00 [t [ o i [Co 100 1=
(=]
5.3
54
hS

Mean 0.019 0.015 | 0.040 | 0.404
Position: 1:one edge, 2:surface center, 3:center, 4:bottom, 5:the other edge.

Table 4. Chemical composition of “Zuku”.

No. Time C Si P S Ti
14-1 13:55 3.66 [ 0.077 | 0.210 | 0.018 | 0.22
14-2 [14:10 13.79 |0.078 [0.194 | 0.019 | 0.13
14-4 | 15:20 [2.73 0.02_&_) 0.187 | 0.017 | 0.044
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Table 5. Chemical composition of slag, so called “Noro”
for making pig iron

No. |Time |T.Fe |M.Fe |FeO |TiO, |SiO, |ALO; [MgO [CaO [S

6.1 |14:15 | 38.83 | 0.73 |44.37 | 11.93 | 16.65 | 7.82 | 5.81 | 4.94 |0.057
62 | 15:22 |41.90 | 0.56 |46.48 | 10.64 |15.10 | 7.13 | 5.12 | 4.38 | 0.049
63 |16:10 |21.71 | 2.54 |22.83 | 16.69 | 25.14 | 11.26 | 8.40 | 8.07 | 0.032
64 |16:50 | 39.02 | 6.16 | 38.38 | 6.52 | 23.67 | 7.25 | 4.24 | 5.25 | 0.059
14-1 |13:55 |34.54 | 8.25 |28.69 [15.92 | 18.56 [11.19 | 6.63 | 3.82 |0.018
14-2 | 14:10 | 37.64 | 12.57 | 28.81 | 15.82 | 16.99 [10.31 | 6.58 | 3.68 |0.018
14-3 | 14:45 | 29.80 | 7.58 | 25.73 | 16.44 | 21.49 |12.47 | 7.16 | 4.14 [0.016
144 | 15:20 | 34.26 [ 14.38 | 22.08 | 15.95 | 19.01 | 11.28 | 6.73 | 3.83 [0.019
14-5 | 15:48 [ 30.44 | 5.93 | 29.60 | 16.77 | 21.05 | 11.91 | 6.98 | 3.99 [0.017
14-6 | 16:05 | 37.80 | 13.58 | 26.72 | 14.46 | 18.99 | 10.64 | 6.03 | 3.37 | 0.019

Note: For run No.6, the start of charging iron sand was 12:32 and the end was 16:50.
For run No.14, the start of chargmg iron sand was 12:30 and the end was 15:55. TiO,
exists as ilmenite.
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Table 6. Dimensions of Ataidani Furnace for pig iron
(Zuku) production and Tonami Furnace for bloom
(Kera) production in Meiji period.

Name of Furnace Tuyer
Tatara | Length | Width | Width |Hight| Hight | Angle Number | Interval | Diameter
(upper) | (middle) (outer) (both side) | (outer) | (inner)
Ataidani | 2485 | 635 697 | 1150 127 | 9-10° 16x2 145 6x3
Tonami | 2967 | 860 800 |1120| 218 | 26° 19x2 136 24x9
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Table 7. Results of operation for Ataidani Furnace and
Tonami Furnace.

Name of | iron sand (ton) | Charcoal (ton) | Operation |pig iron | Bloom | Steel®
Tatara | Mountain | Coast | Pine | Others | time (hrs) |(ton) [ (ton) | (ton)
Ataidani | 2.775 153 |[1.125 | 16.785 |85.58 4.5 03375 | —
Tonami |12.825 — — 13.5 66.45 1.575 1.0125 | 1.125

+:Good quality steel in bloom (Kera)

Table 8. Compositions of pig iron and bloom produced by
Tatara furnaces in Meiji period.

Compositions(wt%) C Si Mn P S Ti
Pig Iron (Ataidani) 3.63 Trace | Trace 0.10 0.003 | Trace
Bloom * (Tonami) 1.32 0.04 | Trace | 0.014 | 0.006 | Trace

*:Best quality in the bloom.
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