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Abstract; The experiment adopted the experimental process of nitric acid leaching copper, oxidation roasting
desulfurization, nitric acid leaching silver,and lead-hydrazine hydrate reduction of silver. The recovery of copper from
concentrate was carried out by catalytic oxidation leaching of nitrate sulfur mixed acid, and the leaching solution is
then replaced to obtain sponge copper. After being oxidized. roasted, desulfurized, and converted into sodium
carbonate, the copper leaching slag was leached with nitric acid to remove silver and lead. Silver and lead were then
separated by silver chloride precipitation. Finally, silver powder was obtained by reduction with hydrazine hydrate,
and crude lead sulfate was obtained by sulfuric acid precipitation as the raw material for pyrometallurgical lead
smelting. The iron and a small amount of arsenic in the concentrate were purified and removed by the iron alum
method. The experimental results show that using this process flow to treat complex polymetallic silver-copper
concentrate can achieve a silver direct yield of over 90% .a copper direct yield of over 93% ,and a lead direct yield of
over 92%.
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Table 1 Multi element chemical analysis results of silver copper concentrate /%
Element Cu Pb Zn Fe Sb Au* Ag” As
Content 10. 97 7.25 0. 87 21. 54 0.023 0. 036 6483 0.65
Element Co Ni Mo CaO MgO Al O; Si0, S
Content 0.14 0.022 0. 041 8.42 1.12 4. 00 19. 88 17.57

Note: Au* ,Ag”* unit are g/t
1.2 REXE
Jo e BEAT T B RS B R AR e e - R TR i
R AR /N Y SL B | SRR e R AL i B K IR
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Table 2  Silver concentrates phase analysis

Ag Ag

Ag

Ag Ag Ag

Phas Silver sulphid Insoluble minerals
Hase Silver oxide rver SL,I phide Silver sulfide Free silver nsotub e‘mlr'lem S Total silver
coating encased in silver
Content/(g « t™ 1) 26 1 381 4479 106 373 6 365
Scale/ % 0.41 21.70 70. 37 1. 66 5. 86 100. 00
L2l AR E i1 AR b Biks Z fL WKL, 4R 32 2 LL CuSO, , CuO + Fe, O,

AR B 1EIE B 500~550 C, BiBsmta 2 h, {4
FE— B M R 2= ] L2 A5 AT RAL RS B R bk

CuO + CuSO, \CuO B RXAF1E ., Kb F B4 M fb
MR UL 3 RN 4,
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Table 3 Main components of roasted ore /%
Element Cu Pb Fe S Ag* SiO;
Content/ % 13.02 9.31 25.41 5.33 6 587 21.18
Note: Ag* unit is g/t
R4 BREWESN
Tab. 4 Copper phase analysis of roasted ore /%

Phase Cupric sulfate Cuprous oxide Cupric oxide Copper sulfide Copper ferrite Total copper
Content 3. 85 0.78 4.62 0.41 3.08 12.74
Scale 30. 22 6.12 36. 26 3.22 24.18 100. 00
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Table S Copper leaching results with sulfuric acid

Volume of _ Cu Fe Leaching rate/ %
. Weight of
No. lce{ch’mg leaching slag/g Leaching Sacle of Leaching Sacle of Cu Fe
{luid/ml. fluid/(g + t=')  leaching slag/%  fluid/(g+ t=')  leaching slag/%
Calcine-1 456 88 8.51 2. 36 12. 45 1. 35 65. 50 75.14
Calcine-2 440 85 9.10 2.47 11.48 1.42 65.12 73.78

M A T VR A 4 SR T DL L R R AR
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Table 6 Silver leaching results with nitric acid

N Volume of leaching Weight of Silver content in the Silver content in the Leaching
e
¢ fluid/mL leaching slag/g leaching solution/(g + t—1) leaching slag/(g e« t~1) rate/ %
Calcine-1 510 51 1. 05 3212 78.10
Calcine-2 540 49 0.98 3304 77. 36
x7 RBERYHESH
Table 7 Silver phase analysis of leaching silver residue /%
. . . . . . . Insoluble minerals . . )
Phase Silver oxide Elemental silver Silver sulfide Silver chloride o Silver nitrate Total silver
encased in silver
Content 31 98 498 103 2 245 35 3010
Scale 1. 03 3. 26 16. 54 3.42 74.59 1. 16 100. 00
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Fig. 2 Effect of nitric acid dosage on leaching rate
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The process flow for recovering valuable metals from silver copper concentrate
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Fig. 3 Effect of reaction temperature on leaching rate
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Fig. 4 Effect of leaching time on leaching rate
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Table 8 Main components and leaching rate of leachate

Fe Cu Ag As Leaching rate/ %
Volume of  Slag Leaching Leaching . Leaching . Leaching .
No.  leaching  produce  [iquor liquor Lealchmg liquor Lealchmg liquor Leﬂlchmg . N
liquor/mL  rate/% content/ content/ 3 ag/ content/ a8 ) content/ s ag/ /U s
B - content/ % B content/ % B content/ %
(g« L7 (gL H (g« L7H (g+ LY
C-1 2 150 67 51. 24 18. 47 0.45 0. 40 10262 0. 40 0.01 94. 20 97.70
C-2 2 330 69 47. 85 16. 3 0. 39 0. 35 10016 0.75 0.02 93. 00 96. 30
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Table 9 Composition of liquid and slag after iron removal

Liquor after iron removal/(g « L™ 1)

Iron slag/ % Impurity removal rate/ %

Volume/mL Weight/g

Cu Fe As

Fe As Cu Fe As

1 000 7.90 0.21 < 0.01 98

27.50 0. 46 95. 6 99.0 99.5
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PRI 0 1) R P B A0 [ i B 2 5 A B o fi
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Table 10 Main components of the solution after iron and arsenic removal

Element Cu

As pH

Content/(g« L™ 1) 7.90

<0. 01 2.0

11 BRERMEHEREMRER

Table 11 Results of liquid displacement after iron and arsenic removal

Test condition

Test result

Ratio of iron Initial .
: Temperature/ C ~ Time/h

to copper pH value

Liquid of copper content

after replacement/(mg + L™ 1)

Replacement
rate/ %

Copper content of

sponge copper/ %

1.15 2.0 50-60 0.5

20. 10 80. 10 >99
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Table 12 Main components of copper leaching slag before and after oxidation roasting

Element Cu/% Ag/(g+ L1 As/ % Pb/ % S/%
Copper leaching slag 0. 36 10 861 0.11 3.21 17.70
Roasted slag 0.43 11 578 0.11 3.58 3.77
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Table 13 Main components of roasted slag before and after conversion

Element Cu/% Ag/(g+ L™ 1 As/ % Pb/ %

Roasted slag 0.43 11578 0.11 3.58

Conversion slag 0.61 14 156 0.12 4.03
HEER N PbCO, +2HNO; = Pb(NO;), +H,O0+CO, 4

PbSO, +Na,CO, =PbCO, ¥ + Na,SO,  (5)
2.6 MHERRMR.IA
A & B s [ 3R &4 Pb.Cu % 4
J& LGS A ERRIR . W SRR B HA R
B[] A A0 A . 32 R hy =X (6) ~ (7)),
3Ag+4HNO, =3AgNO; +NO A +2H,0 (6)

(D
1= H S T R 0 DR B AR L B O A R 4k
#0100 g LM 0. 6% Cu,1. 4% Ag.4. 0% Pb, ¥
HAE: MR M A & 70 mL/100 g ¥4k, R
85~90 C,L/S=2.5,0f[H] 2 h, 23 Uk VE % 5 45
R 14,
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Table 14 Main components and leaching rate of leachate

Ag Pb Leaching rate/ %
No. . l fcaChli,n ¢ flaid ,Sl\a/go Liquid/ Residue/ Liquid/ .
accumulation/mL rate/ % ‘ B ¢ Residue/ % Ag Pb
(g« LD (g« L7 H (g« L7 H
C-1 540 55.5 2. 37 2 166 7.10 0. 35 91. 41 95.11
C-2 545 53.5 2.32 2 535 7.14 0. 40 90. 32 94. 20
MFE 1A T ULEH S 2 000 g/t YL . X E
RO R E TR Y AR L T2 10
e T [ 3503543 o 19 6L 0 4y HORS 9 3k i | "
EN e
2.7 FHERIR T R E UKL 6F
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Al

2, Hm H B CL M A & 5k 6E R
AgCLALSETUVE o (5L FNH B 19 53 5 o
K15 RBSUUMEMRE(25 C)
Table 15 Solubility of silver and lead chlorides(25 C)

Item K, Solubility
AgCl 1.8X10°1° 1.3X10°°
PbCl, 1.6X10° 1.5X10°2

M 6 7 LA H, AgCl ¥ fift 2 5B B J5 7t 78
Cl" )% 4 X 10 " mol/L I ¥ fif JE fie /b o X 2N
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Fig. 6 The effect of hydrochloric acid concentration

Residual silver ion concentration in solution/(mg * L")

on silver precipitation
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Table 16 Results of silver precipitation test

Ag/(mg -« L~ 1) Pb/(g -+ L™ Volume/mL Precipitation rate/ %
Leaching Tailing Leaching Tailing Leaching Tailing A Pb
solution fluid solution fluid solution fluid €

2 200 0. 45 7.10 5.05 500 700 99. 87 <0.5

MR 16 0] LAFE H 42 i S aok i G008 1 B L 4R
BT ARSI 1 43 B AR I TTTE R KT 99. 80 %%,
2.8 AgCl H3F R 4R R
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Table 17 Reduction test results for AgCl

Weight of AgCl/g Volume of reduced solution/mL

Silver content of reduced solution/(mg « L™ 1)

Reduction rate%

10 85

0. 20 >99.9

MFE 17 AT LA 58-I D s SR IR L A 34 5t
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