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The Action of Titanous Oxide as Flux

Mutumi HABA

Synopsis : The most important mechanism 1n the Japanese pre-modern rronmaking method 1nvolves the action of titanous oxide as a flux on the viscosi-

ty of slag In this paper slag excavated at historic sites was analyzed It was concluded that the neutral or basic action of titanous oxide was a

useful substitute for wustite in the slag This paper clearly explains the mechanism involved
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Table 1. Chemical composition of 1ron sands by Yamamoto.
[Quated from S Yamamoto: Process of Tatara Ironsmelting. Journal of Historical Iron ard Steel, 2 (1959), 3]

Samples | T.Fe | FeO | Fe,O; | SiO, | CaO | MgO | ALO; | MnO | CrO; | TiO, | V,05 | P S | lgloss

Masa | 5900 | 2472 | 6445 | 840 | 224 | 154 | 234 | 005 | 0089 | 127 | 0258 | 0064 [ 0009 | 175

skome | 5207 | 1955 | 5271 | 1450 | 268 | 094 | 498 | 034 | 0100 | 532 | 0369 | 0095 | 0026 | 107

Hama | 5000 | 2472 | 5687 | 490 | 236 | 037 | 179 | 003 | 0229 | 698 | 0295 | 0121 [ 0032 | 094 |
INEL B T L RMENDZZ & TH B (Fig. 1), Silica

2283, EILFHEK T D Ca0-810,-Ti0, ZTLRIZ I 1
T1600°C THd, BEILDETIZH > THMAEES I L %
WErDHZ L Th 5 (Fig 2).
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Fig 1. Onginal viscosity of the slag at 1500°C, poise
[Quated from A.Ohno. letsu-to-Hgané, 52 (1966),

148]
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Fig. 2 Effect of nitrogen on the thickening of slag at
1600°C
[Quated from A.Ohno. letsu-to-Hgané, 52 (1966),
148]
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Table 2. Changes of chemical composition of typical slags
from bloomary to blast furnace (mass%)
[Quated from M.Haba: CAMP-ISIJ, 16 (2003),

267}
(mass%)
Site =Fed | Mo0 | MgO | Ti0, | PeDibiaDikghtT0, § Ca0 | Si0,
Furubashs 651 | 052 [ 127 { 063 575 247 1 87
g Gennaitige 510 [ 038 | 119 [ 035 52.9 628 | 314
‘% Najionoyama 663 | 047 { 086 | 068 573 251 | 294
= Hirehima Kanakurodems | 216 | 313 | 074 | 021 538 414 | 293
_g' Kosugimaruyama 448 [ 067 | 267 [ 901 57.1 361 | 284
5| Muanitadéyama § | 420 | 061 | 252 | 954 54.6 025 | 298
E Ishitars-C 482 (066 | 313 [ 108 62.7 531 1209
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Table 3 Chemical composmon of the slag HYS- 14 (mass%).

[FE# A INEEE S b R & - /IMATTARE R, u%m
Samples T.Fe FeO Fe,04 SiO, CaO MgO Al,0, MnO Cr,0, TiO, v P,05 S
HYSS-14 2845 2220 1539 18 37 106 299 613 072 oo 3078 0173 0137 | 0008

25

25 .



N 26

$&4H  Tetsu-to-Hagané Vol 91 (2005) No 1

SE SE
X 1500 X400
Fe S1
T Al

Fig. 4. CMA photograph of the slag HYS-14
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Table 4. Trial balance on substitution of titama for wustite
(mass%o)
[Quated from M Haba* M. Haba Proc. 4th Int
Conf on the beginning of the Use of Metals and
Alloys (BUMA 1V), ed. by the Japan Institute of
Metals, Sendai, (1998) 29-34]

No Date Typical Slags FeOQ -e,0, CaO TiO, Si0, Ongn
1 Tthcentury BC Turkey, Srar 5565 1396 516 86 13), T27
2 4008C Austra, Norera 5539 1262 199 2448 13), T27
3 Romanperiod  Socham beck 5430 1690 11 189 13), T36
4 Romanperiod  Poland N Sulpia 5208 105 2521 13),T36
5 Iftheertwy Shimizu{fgZi15F3) [ 3470 1772 RE Eztz 14), T2-19
6 Modem Tonami (udar) 30.76 462K ] 413 3),

7 150-1350  Vinarhyttan Serning 474 134 423 027 6927 13)T42
8 11501350 Lapphyttan Bjorkenstamr 350 - 121 539 13), T42
9 1736-1866 Duddon(charcoal) 260 - 146 12 564 13),T45

10 Ist century BC  Chungehou(Han) 374 - 227 5374 13), T36

11 1850 Tipton {coke, cod blast) 202 - 3252 3952 13), T60
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Fig. 5 Situation of the slags of Japanese Tatara (mass%).
[Quated from M.Haba: CAMP-ISIJ, 16 (2003),
267]
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