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(Fe,Si0,) ML AR ( FeAl0,) o WBESARI L AR 8o — B0 £ 2) , KEB
IYFEREr 26% —36% 1Y) Fe0.22% —30% (1) Si0,7% —10% #] Al,0,.6% —10% [#j CaO.
2% —4% 1 K,0 %5, 54k s rh S A 3 E 1 ZnO( 28 11% —14%) 2% —3% 1) PbO.
2% —4% El/‘J SO} ’ u&ﬂi? 1% E/‘J CuZO %0

K2 ARG EIHHEEEEERE S (w%)

FERZE | NayO | MgO | ALO; | SiO, | SO; | K,0 | CaO | TiO, | MnO | FeO | Cu,0 | ZnO | PhO

TMLO4-1 1.9 0.4 8.5 26.5 3.3 2.7 8.5 2.1 2.5 26. 1 0.7 14.2 | 2.6
TMLO4-2 | 1.3 — 8.7 25.5 2.4 2.6 8.5 1.7 1.8 33.0 | 0.4 1.3 | 2.9
TMLO4-3 1.5 0.2 8.6 26.9 2.8 2.4 5.8 1.5 1.6 32.4 | 0.6 13.5 | 2.2
TMLO4-5 | 2.1 — 6.6 21.8 3.5 3.4 9.7 0.8 2.6 29.4 | 0.5 16.5 | 3.3

TMLO04-6 1.3 0.1 9.3 28.6 3.9 2.7 7.9 2.5 2.5 26.1 0.4 12.7 | 1.9

TMLO4-7 1.6 — 6.6 22.6 2.6 3.3 7.4 1.3 2.0 36.1 0.3 12.6 | 3.5

TMLO4-10 | 1.3 0.1 9.4 25.0 3.1 2.7 8.6 2.0 1.8 31.1 0.1 12.4 | 2.3

TMLO4-11 | 0.4 0.1 13.6 | 29.8 7.3 1.5 2.9 5.1 3.7 30. 1 0.2 4.3 1.0
TMLO4-12 | 1.1 — 8.1 27.3 3.2 3.6 9.6 4.3 3.3 24.5 0.6 1.7 | 2.8
TMLO4-13 | 1.9 0.3 8.5 25.1 3.3 2.2 6.0 1.4 1.4 | 33.1 0.3 14.1 | 2.3

WP Th I 2 A B 22 VKA AN UKL o DI A 25 8K S B RN BE R B A ) L T RS R
AR Fe FiE 20 32% /DI 4% , Cu & 2 W) 34% /DI 14% , Pb % 1 2 0
51% /LN 12% ,Zn S 20 7% /D) 25% ( 35 3) o K4 FE4E Fe-Zn-S( 5% Fe-S) .Cu-
Fe-S D)} PbSH Fe-Cu-8) ZZ4UHH( & 6a) o BYURLAY K/INEE LT ROK R — B /UK,
RN 1 2K, A — B UK BYBURE & 79% —92% 1 Pb, 75 & /L& O.Sb #1 S,
3 NEES( TMLO4-6 . TMLO4 10 TMLO4-11) f4S0R & H —E M) Ag, e & 3. 7% ( 2 4) »

A BIFE S IR AN AN VK 43 2 B4, BRIV s AN KR Soh o — )2, i TMLO4 -1 ( &
6b) \TMLO4-2. TMLO4-3. TMLO4-5. TMLO4-10; A4 (1) kE 5 W) 4> 35 Sk vk 4 , i TMLO1-8
TMLO4-9 . KA J22 55 s v () UK AH — 4, 02 3 86 4 B AR s AL 0 (6 3) « A ik
B2 IR AR 2 AT kL (1 6¢) L LA KRR EY . 53 A1, ZEFF i TMLO4-1. TMLO4-8
TMLO4-9 rhid K B T A 5% Y1 & 6d) , RIS HI B RARE A A% -

T AN FE VLI )2 FEA RIS 15t ik K23 JifTi i & 30 T —Sefi il , 2R Al st @, 504
KIVCENTHAEAED AN VKA o 3 BEREIE IV 2 R R T A T 6 I st A7 1R mT RE
ST B UK .

R3S HEHESEE FK RS (wi%)

FE 0 Si S Fe Cu Zn Ph
TMLO4-1 pK4 2 5.9 — 30.0 20.5 17.5 20. 8 5.5
TMLO4-2 Pk 2 6.7 0.9 26.0 37.6 17.8 2.2 8.7
TMLO4-2 47725 J22 o (1 vk Al 4.9 — 26. 4 32.1 18.6 7.6 11.5




24 JRSCHR A R AU T A IR AT iR MR AR 143

&gR3

[EE A 0 Si S Fe Cu Zn Ph

TMLO4-3 pKif )2 3.7 — 25.0 15.7 33.8 8.6 13.0
TMLO4-3 35 12 Hh ) K 4l 3.3 — 23.8 1.1 31.0 9.7 21. 1
TMLO4-5 VK42 7.1 — 24.0 20.0 24.0 11.6 13.6
TMLO4-6 i 2 v (1 K4 3.3 — 25.2 8.7 13.9 24.5 24.4
TMLO4-7 4 J22 o (14 vk Al 3.5 — 18.9 4.4 16.1 6.5 50.6
TMLO4-8 pKif )2 7.1 — 28.0 38.5 15.3 4.2 6.8
TMLO4-9 vkl 2 6.4 0.4 28. 4 39.7 14.7 5.7 4.6
TMLO4-10 pK4J2 5.7 — 27.0 32.5 20. 8 7.4 6.7

F4 WEARIGEUERERHRABE S (wi%)

FE i okt 0 S Fe Cu As Ag Sh Pb
TMLO4-1 I mm 8.7 1.8 — — — — 1.5 88. 1
TMLO4-2 150 um 4.6 0.7 0.4 — — — 2.4 91.8
TMLO4-3 100m 7.7 2.4 — — — — 1.1 89.0
TMLO4-5 250m 8.7 2.1 1.3 0.3 0.6 — 3.1 84. 1
TMLO4-6 100m 3.1 2.2 — — — 1.0 2.3 91.3
TMLO4-7 150 m 4.1 1.6 0.6 — — — 3.0 90. 7
TMLO4-8 50 m 11.0 3.2 0.2 — — — — 85.5
TMLO4-9 100m 14.0 3.2 1.6 — — — 1.9 78.9
TMLO4-10 1mm 10.0 2.4 0.8 0.3 — 1.7 3.2 81.4
TMLO4-11 50pm 9.4 2.6 2.9 — — 3.7 0.9 80.5
TMLO4-12 50m 3.3 2.2 0.8 — — — 3.7 90. 0
TMLO4-13 50pm 5.7 2.0 — 0.5 — — 3.1 88.7

2.3 BFEEAR

L AROARHY BT 1 2 R, BR 5 5 ( PhS) e =Rk (17 ],
316 10) « (1) BEARIEHRIE ARBONRIE RO b S8 R i S AL A, S AL BT S i
P B S A A TR s ( 2) Bedhi 0 R HRIE | Joqe i b vk B AL A B AL , 757 e A
R b BB A3 I R s (3) BRI JRLTTIE IR (T SCHRT AR “BRIE ") 7Rk
A el s R B e Bk SRR AL B R SR o ARk, AR TR AL D7 A AL TR AL T
SRR T AL 4 R TT I B A A S R BT s . 2RI R B, 3 S gt ik 24 SR R I
W BAN AER T 2 R T R R LUK A S R s i b A i kR D
WA, VP E s g

B SCETTIE , M A 81 A A2 S0P r IR R A8, HOR T B R ] B R AE 4f 5 I
ik skl Sk o X B AT R IR T 8k Bk . e, AR 4 SO,
A PhO B et i AR AT AR B R (926 o 0 RELAR 4638 2o L v b 22 A M st ik 1)
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SEM MAG: 500 x View field: 554 pm 100 pm
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SEM HV: 20.0 kV WD: 17.36 mm [ VEGA3 TESCAN|
SEM MAG: 17 x View field: 15.9 mm | 2 mm
Det: BSE Date(m/dly): 03/30/17 IHNS, CAS
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Smelting Copper with Lead Slag: The Smelting Technology of Lead-Copper
Ores from the Chengui Mine in the Qing Dynasty

ZHOU Wenli' , LUO Shengqiang’, MO Lingheng’, CHEN Jianli*
(1. Institute for the History of Natural Sciences, CAS, Beijing 100190, China;
2. Chenzhou Museum, Chenzhou 423000, China; 3. Hunan Provincial Institute of Cultural Relics and
Archaeology, Changsha 410008, China; 4. School of Archaeology and Museology,
Peking University, Beijing 100871, China)

Abstract The Chengui Mine (H#F4:#] ) was the most important source of copper, lead, zinc
and other mint materials in Hunan (] ) during the Qing Dynasty. A lead-copper smelting
technology was used at the mine that involved first smelting lead and then copper, which is called
smelting copper with lead slag in historical records. In 2016, smelting remains were excavated at the
Tongmuling (#i] A I%) site in Guiyang (4 [H), which provided important physical evidence for the
reconstruction of the technology used at the Chengui Mine. Based on historical records, lead smelting
remains at Tongmuling, and analysis of lead smelting slag, it is found that the Chengui Mine used the
iron reduction method to smelt lead in a shaft furnace, then separated the matte and lead, and finally
smelted copper from the matte. This complicated technology, different from other copperdead smelting
technologies, is a combination of the iron reduction method for lead smelting and copper smelting with
matte. It is a technology unique to the Chengui Mine in the Qing Dynasty, and this is its first discovery
in the history of metallurgy. The emergence of this technology resulted from the fact that copper
resources at the Chengui Mine were scarce, but needed to meet the demand for copper for minting.

Keywords Qing Dynasty; Chengui Mine (M8 ) ; smelting copper with lead slag; lead—

copper smelting technology



