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ABSTRACT  This study produced smelting slag through the reproduction of an ancient iron manufacturing technique,
with the aim of facilitating a comprehensive understanding of the process by analyzing the slag components. The research
suggests an interpretation method using the ratio of the subcomponents relative to the main slag components as an
alternative to existing methods. We investigated the component source within the smelting furnace from which the slag
is derived by developing an understanding of the tendency between slags. Based on bivariate graph and triangular
coordinate data analysis, it was found that a slag can be categorized according to its components. The groups were identified
as the ore slag group(centered on the ore), and the clay slag group(centered on clay and granite soil). This research
determined that it is possible to estimate the components derived from the slag, depending on which group they belong
to or resemble, as shown in Figure 4~7. It was found that a comprehensive understanding of the ratio between the components
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was more accurate than a simple analysis of the contents, for the interpretation of ancient iron manufacturing processes.

This is based on the fact that a higher ratio of TiO, was detected by the components analysis, and an analysis of all the

slag showed that the value of CaO/SiO; ratio was lower than 0.4, which corresponds to the reproduction experiment

condition in which flux was not used.
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Figure 1. Smelting furnace structure (Kim, 2015).



Table 1. Study subject slags

Semi-molten orel Semi-molten ore2 Semi-molten ore3 Blast pipe piecel

Blast pipe piece2 Blast pipe piece3 Center of furnace slagl Center of furnace slag2

—

Bottom of furnace slagl

Furnace wall slagl

e

Slag from slag gatel Slag from slag gate2 Slag from slag gate3 Slag flowed from blast pipe
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(A) Slag (B) Boundary (C) Clay
Figure 3. Blast pipe piece analytical point.

Table 2. XRF analysis data of slags produced from the furnace

Oxide concentration(wt.%)

Classification MgO  ALO,  SiO, K.0 Ca0 Ti0, FeOx
aver. 16.479 5762 36.074 1.559 7.396 8.884 24.203
Ore min. 12.879 4566  31.893 1334 6.206 6.068 17.318
max. 20.686 7184 43232 1613 13318 10.866 26.922
- aver. 21192 71.555 3.073 0.799 2.054 1.109
Standard Granite soil min. . 19.679  68.275 2.172 0.559 1.616 0.853
samples (Additives) ———
max. 22491  73.870 6.301 0.903 2.294 1.429
Clay aver. 26767 62364 2.478 0.091 4.624 3.698
(Furnace, min. . 25860  61.258 2.201 0.075 4.161 3.434
Blast pipe) max. 28.038  62.813 2.779 0.268 5.055 3.923
aver. 5511 19736 60.949 2.080 6.427 3.198 5.578
A min. 4417 14435 52715 1.674 3.189 2.437 3.320
max. 6218 23993  65.109 2949  11.031 3.820 9.935
Blast aver. 3525 23970  64.810 1.102 3.245 2.706 2.010
pipe B min. 1836 21305  63.539 0.858 1.986 1.810 1.404
piece max. 5893 25870  68.065 1.189 4221 3.871 3.468
aver. - 24882  66.817 1.092 2.949 2.593 1.513
c min. - 19.965  63.879 0.773 2224 1.800 1.143
max. - 26.605  74.095 1.200 4.656 2.958 1.783
aver. 4748  20.601  61.367 2.536 3233 2.988 4.649
F““;*l‘:elw"‘” min. 3.027 14988  58.507 1.006 2.448 2.517 1.415
& max. 6.783 23679  64.529 3.840 4.000 3.780 8.495
aver. 5176 10075  48.741 2.971 6.519 8.063 18.200
Slags F““;j‘:g%““ min, 1324 6210 37.306 2,606 2.141 3816 9.704
produced max. 13433 14.163  68.838 3.577 9739 12601 21.507
from the _ aver. 9.165 5566  37.072 1961  11.129 9.237 25.855
furnace Sem‘(‘)’:;"“en min. 1210 2850 29221 1052 7626 6450  21.929
max. 17.543 7952 41.467 2482 21277  10.809 30.256
aver. 14.192 8.082  36.904 2.258 6.877 9.256 29.118
fcenter of min. 9.868 2584  29.349 1.333 1.786 7.688 26.373
urnace slag
max. 21581 12362 42.266 7263 10218 10.775 35.461
aver. 8.766 8791 41812 3.090 6.444 8.987 23.645
fBO“Om of min. 3255 6500  36.133 1.151 4.028 6.838 18.570
urnace slag
max. 17.135 17345  43.649  11.452 8357 11292 31.393
aver. 5204 8071 44314 2.522 6.933 9.242 23.392
Slag fr;? slag. ™ i 2574 6450 39434 1693 5581 6331 19.942
& max. 8.743 9522 48.801 4.088 9340  11.078 29.635
Slag aver. 8.023 9639 41365 1.658 9661 12278 22.250
flowed from min. 4358 6.785  39.194 1.177 6.360 8.249 18.417
blast pipe max. 8256 11276 42744 5346 10969  13.243 25.051

*Slag **Boundary ***Clay
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Table 3. Ratio between components of standard samples and slags produced from the furnace

Classification ALO5/Si0, CaO/SiO, Ti0,/Si0,
aver. 0.160 0.209 0.251
Ore min. 0.131 0.174 0.140
max. 0.178 0.308 0.321
aver. 0.358 0.008 0.036
Standard samples Granite soil min. 0.310 0.006 0.029
max. 0.411 0.009 0.041
aver. 0.429 0.002 0.074
Clay min. 0.413 0.001 0.066
max. 0.458 0.004 0.081
aver. 0.325 0.109 0.053
A’ min. 0.254 0.049 0.037
max. 0.373 0.208 0.072
Blast aver. 0.373 0.050 0.042
pipe B” min. 0.321 0.030 0.028
piece max. 0.407 0.065 0.058
aver. 0.373 0.044 0.039
c” min. 0.269 0.030 0.024
max. 0.416 0.073 0.045
aver. 0.338 0.053 0.048
Furnace wall slag 1 min. 0.232 0.038 0.042
max. 0.375 0.068 0.065
aver. 0.196 0.145 0.182
Furnace wall slag 2 min. 0.158 0.031 0.055
Slags produced max. 0.342 0.238 0.308
from the furnace aver. 0.159 0.227 0.245
Semi-molten ore min. 0.126 0.193 0.206
max. 0.201 0.278 0.338
aver. 0.178 0.171 0.216
Center of furnace slag min. 0.126 0.120 0.190
max. 0.239 0.201 0.258
aver. 0.178 0.137 0.210
Bottom of furnace slag min. 0.118 0.114 0.166
max. 0.225 0.178 0.331
aver. 0.183 0.156 0.208
Slag from slag gate min. 0.143 0.119 0.134
max. 0.224 0.237 0.281
Slag aver. 0.166 0.172 0.228
flowed from min. 0.141 0.158 0.202
blast pipe max. 0.197 0.185 0.267

*Slag **Boundary ***Clay
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