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Fig. 1

smelting process

Output diagram of by-products in lead and copper

Table 1 Common treatment technology table of lead anode slime!''~'?

Main
Process characteristic Technology . Technical advantage
equipment
Complete reduction smelting and . Kaldor Strong adaptability, sulfur
L . . . Kaldor furnace smelting D
oxidation refining with same equipment furnace utilization rate >98%
. . Electric Recovery of gold and silver:
Electric furnace melting
furnace 99.36%, 99.30%
Oxygen enriched bottom  Horizontal Cost: 609.2 yuan/ton, single
blowing reduction smelting  converter furnace oxidation time: 20 h
Oxygen enriched bath Refining  Enrichment of oxygen to strengthen
Reduction smelting and oxidation oxidation refining furnace metallurgical process
refining are carried out separately Bottom blown oxygen Blowing Recovery rate of Au, Ag:=99%,
converter(BBOC) furnace Oxygen utilization rate: 100%
Blowin, Smelting and refining capacity:
Three section method £ £ 8 capacty
furnace 140%, 46%
Electrothermal continuous Electric Easy to control temperature, high
melting furnace efficiency
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Table 2 Composition table of by-products of lead and copper smelting

[9-20]

Mass fraction/%

By-product -
Ag Au Pb Bi Sb Cu Zn Se
6.41 - 26.49 61.63 0.0055 - -
Noble lead 11.46 - 40.27 732 28.1 23 -
28.59 606" 13.77 1.17 37.04 4.8 -
Noble bismuth 17.86 0.86 5.45 67.73 <0.01 0.64 - 5.1
0.41 0.0085 0.18 - 0.24 0.91 - 62.48
Selenium residue 1365" 85" 0.65 - - 1.57 - 92.62
0.31 0.01 1.18 - - 1.57 - 91.12
0.27 - 48.45 - 16.25 25.95 -
Copper scum 990" - 81.87 - - 13.25 1.41
1464" 56.5" 83.25 - - 12.34 1.04
13.23 - 23.19 - - - 62.341 -
Silver zinc shell 14.29 - 1.10 79.2 0.021 0.76 5.89 -
5.632 - 0.58 79.09 <0.2 0.5 12.89 -

1) g/t

Noble bismuth

&2 ARG R Umﬁ’]%%@

Selenium sludge

Fig. 2 Physical picture of by-products from lead copper smelting
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Fig. 3 Process flow diagram of oxidation refining method for noble lead and precious bismuth
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Table 3 Influence of five combined additives on polarization of anode and cathode™*

Cathodic polarization value,

Slope of anodic polarization

Additive/(g-L™) Ho/mV curve, dd%a JA-m?em™)
No additives 1.5 49.65
f-Naphthol/Bone glue: 0.001-0.003/0.005 20-110 58.50-73.5
f-Naphthol/Bone glue: 0.005-0.002/0.3 24-100 46.00-61.00
p-Naphthol/Sodium lignosulfonate: 0.05-0.10/2.0 20-75 43.6-45.90
Bone glue/Sodium lignosulfonate: 2.0-4.0/2.0 20-75 39.50-42.50
Gelatin/Sodium lignosulfonate: 1.0-3.0/2.0 20-60 38.00-41.25
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Composition table(a) and XRD analysis results(b) of products in different condensation areas after vacuum
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Table 4 Comparison table of different process technologies

Vacuum

gasification
Item Pyrometallurgy Hydrometallurgy .
separation
technology
. . o . Sulfuric acid, sodium chloride, sodium chlorate,
Auxiliary Lime, soda, fluorite, iron filings, oxygen, ] o )
) ] ) ) sodium sulfite, liquid ammonia, formaldehyde, —
materials sodium nitrate, chlorine .
hydrazine hydrate
(Evaporated selenium), (Pre-treatment of (Steaming selenium), (Pre-treatment for

copper and nickel), reduction smelting, removing copper and nickel), high acid . .

. L . . . . . . Gasification
Main process oxidation of lead, bismuth, arsenic, leaching, neutral leaching, ammonia leaching / ]
. . . . . . separation
antimony, oxidation and copper removal,  sodium sulfite separation of silver, chlorination
antimony silver electrolysis separation of gold, silver electrolysis
. High concentration arsenic oxide dust, L . .
Environmental T Acid mist, polluted acid, waste water, leaching No three
] which is difficult to control, causes human )
risk hazardous waste residue wastes
body damage
Precious metal
94% 98% 99%

recovery

4 BR5RE

SR I R U ATz, TR IR R A
7 BN H BN A 7 SRR Z AP i, A
B RITEN P SR REAT 51 e ISR ORI RT3
ALE . Bt EXHR BRI AW T IR T A
i DRBA. A, S L e)E 2 Yk e
WS IR R BB . ARG KL IRIETRI T 25
fiti b, BAOERE TR . BT R EEE
T2 &R E RN RRIME, SIRAIHIEIL
FREE) T E k. ML, RERSENERER, £
B R A — SRR BRI S S R R ™
HIRFE. TPRBERE. A, Rk, i5g
It RS EREE SR, RS B
AR T ot TSR RGBSR, HS
FEAT WA R T THET

RAE S RS2 T K2 e, E1E
RARAGHES P AAAE — 2Bk, ndE Tk A A=
AR B[R] AN [F) T Z R SE IR AN RIS A} BE R Ak PR
B, EINEACSEGERASA? miTseE e
T ER X R 5K 7 H PR SR ™ P R A HE bR HE?
DNSEDUN Bt < SR I B AT H5 8 R e i) B, 3.
RH TR RE: F—, FeaMAa. fiGHR

gt F BTG HRI AR T Bt < e R AN ) 22 7
FRIRFIE, B BEVE RS 5% BB RS I\ 2 A A B4
AIERG, ERHBEMRERN, =t a)s;
B, BmTEAESEE BRI &R, NN
XA Bt e A R B A [ BOR T R T
TN ZREIRRW; 8=, SEIEHRE
HEFE SEBLN & S Jm YR L SRATM BRI
R I, KAEAT “GKF 24 007
B, AEAR P I H R AN I = R F 2 7 A HE
B SRR AR AR A2 — D) AR AR 1
B FETUEHTEIEE R, T ARK A5t R Mk
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Abstract: Gold and silver have been extended to many high-tech industries due to their excellent corrosion
resistance and good electrical conductivity. However, their primary mineral resources have been unable to meet the
increasing demand. The noble lead, precious bismuth, silver-zinc shell, copper scum and selenium slag produced
in the lead-copper smelting process contain considerable gold and silver contents, which have become one of their
main sources. This article outlined various technologies for extracting and recovering precious metals from these
by-products. According to the properties of components, such as melting point, vapor pressure, redox and
volatilization characteristics, the recovery technologies were developed from traditional smelting, oxidation
refining, electrolysis and other pyrometallurgical and hydrometallurgical processes to high recovery, clean and
efficient vacuum separation technologies. This article discussed the technical advantages and environmental
impact of these processes in detail, as well as the challenges that they would face in the future. In order to realize
the efficient recovery of precious metals and meet the metallurgical requirements of clean production, several
considerations were put forward.

Key words: by-products of lead-copper smelting; traditional techniques; vacuum gasification separation process;

technical superiority; environment influence
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