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(2/3)FeSy+0.=(2/3)Fe0,+(2/3)S0; @)
AG =(~- 72500+12.57T) X 4.1868 (J)

(2/3)CusSe+ 0.=(2/3)Cu.00+(2/3)SO; (2
AGi=(—64100+19.407) X 4.1868 (J)
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AG=(—69060—25.64T) X 4.1868 (J) '

Cu:Se+2Cu:00=6Cuqy+8S0; (4)
AG = (8600 — 14.07T) X 4.1868 (J)

Cu:04+ CO=2Cuy+CO, (5)

AGi=(—31600+5.78T) X 4.1868 (J)
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Fig. 1 Process of matte smelting technology
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Table 1 Existence forms of copper and sulphur in ancient copper slag
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Fig. 2 Copper and sulphur of matte slag plotted Fig. 3 Matte grade plotted against Cu/S of
against matte grade matte slag
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Table 2 Archaeometallurgical ruins and copper smelting technologies
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Table 3 Analyses of reduced slag from site A in China

HFEoarer

Fe Si

EEOHafEat/ ¥

Al Ca

K

Cu/%

S/ % Cu/S

56.046 30.865

10.090

1.949

1.053

0.71

0.017 41.8

53.451 33.210

9.965 2.255

1.122

0.97

0.015 64.7

53.920 32.124

9.819 2.780

1.360

0.85

0.015 56.7

51.173 35.554

9.582 1.962

1.731

0.67

0.024 27.9

O [ o [ | =

48.488 36.946

11.035

2.263

1.270

1.25

0.015 83.3

o AR -E" T2



e FER: PEMTEIEREETIA 33

BEERAER, My —KF - T Fd REABHMERERESBENSW
3 4 R L 52 8 R IR 2) R Table 4 SEM analyses of prills in slag of tab.3

EAH A B RS ERME FEENT ——_ AR SR RS T

O, AL AP AP, B T B
MICu/ST M. 7R % M ET %8 B 1A 5 1 .50 o 221
S E LT 7 18 B B B 1 5 BT 8 1507 ppp o
o, KPR REHFHCu/SIE K T4, B 2 93.816 5.646 0.536
8.14.15.16. 175 H M Cu/SHIE, FHIT 93.242 5.207 1.470
INFa, R M. B BB ASIEN (X ’ 97199 | 2089 0,750
RS IHEELY, SR EREREL 4 90.051 6.830 3.122
), Be SRR Cu/St/NTFa, FEFH. 5 93.016 5.956 1.049
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Table 5 Analyses of matte slag from site B in China

spe BaRfaga /% 254
Fe Si Al Ca Cu/% S/% Cuw/s
1 44.10 30.80 8.91 14.67 0.33 0.45 0.73
2 32.42 34.46 2.39 30.13 0.14 0.58 0.24
3 48.83 28.56 3.40 18.57 0.19 1.20 0.16
4 38.28 34.18 3.77 23.67 0.20 0.60 0.33
5 42.39 35.39 3.33 18.57 0.16 0.64 0.25
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Table 6 SEM analyses of prills in slag of tab.

See SEBERAMRES T
D/ym Cu/% Fe/% S/ %
100 43.61 19.63 36.77
1 20 51.39 16.71 31.91
40 46.70 18.19 35.15
2 10 12.99 50.95 36.07
3 10 1.03 64.56 34.42
5 1.58 59.72 39.77
4 5 12.77 47.47 39.77
5 5 7.14 53.65 39.22
5 0.88 56.11 43.02
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Table 7 Analyses of reduced slag from Kythnos Island in Aegean Sea

S FeO/% | S10./% |AlO:/% | CaOQ/% [MgO/% [ CuO/% | PbO/% [ ZnO/% S/% Cu/8
1 39.95 32.63 4.42 5.27 3.26 7.43 2.81 0.01 0.36 16.5
2 27.95 43.19 3.91 16.74 1.16 1.49 117 1.41 0.04 29.8
3 23.26 50.43 6.92 7.90 1.06 4.73 0.08 0.15 0.08 47.3
4 32.88 38.48 1.98 8.89 0.84 11.22 0.69 0.26 0.16 56.1
5 32.32 44.16 6.99 8.46 2.11 0.62 0.15 0.39 0.06 8.3
6 31.01 40.52 3.11 8.73 3.25 0.56 0.08 0.28 0.46 0.97
7 41.04 32.98 4.78 7.04 2.99 1.58 4.87 0.07 0.06 21.1
8 32.70 43.93 6.72 8.73 2.57 0.75 0.11 0.40 0.11 5.5
9 22.20 42.85 6.05 8.63 1.20 12.07 0.15 0.17 0.86 11.2
10 13.15 74.97 2.54 2.28 0.60 2.86 0.92 0.25 0.02 114.0
11 8.90 64.36 14.17 2.25 3.21 0.45 0.16 0.10 0.02 18.0
12 25.84 44.99 9.24 6.64 1.717 4,23 0.24 0.26 0.19 17.8
13 24.90 39.45 6.71 11.91 2.35 8.78 0.44 0.26 0.08 87.8
14 31.89 41.39 3.60 8.75 1.33 0.48 0.27 8.06 0.80 0.48
15 28.24 44.20 6.15 12.6 1.00 1.38 0.14 1.46 0.28 3.9
16 56.00 29.70 5.53 3.5 0.50 1.25 0.26 0.17 0.37 2.7
17 44.00 34.40 4.54 6.30 0.83 3.25 2.06 0.10 0.35 7.4
18 30.60 43.40 9.92 7.00 0.40 3.29 0.28 0.22 0.39 6.7
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Slagery of copper smelting in antiquity

Li Yanxiang Hong Yanruo
(Institute of Historical Metallurgy, Universitv of Science and Technolgy Beijing, Beijing 100083)

Abstract

A method has been built to identify the techniques of ancient copper smelting
mainly by the analyses of slags. There were two styles of smeltings or slags in
ancient copper pyrometallurgy. The existing forms and the relative contents of cop-
per to sulfur (Cu/S) can be used to identify the styles of slags. The special contents
in slag can be used to identify the forming of slag. The style of slag can tell which
kind of technology was used in antiquity through the analyses of ore and metal.
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