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Table 1 Chemical composition of copper-bearing

cyanide barren solution g/L
Cu Zn Ca Au Ag CNt CN
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Fig.1 Treatment process of cyanide barren solution
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Fig.2 Effect of sodium carbonate dosage on

calcium ion precipitation
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Fig.3 Effect of ferrous dosage on precipitation of

zinc and copper
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barren solution with time at different pH values
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Fig. 5 Effect of pH on composition of zinc sludge
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Fig. 6 Effect of ferrous dosage on reduction of

copper cyanide complexes
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Fig. 8 Effect of pH on reduction of copper cyanide complexes

2.3.3 HEHENENFI

BT IS T A B 0.5.0.7.1. 0 g/L
BRI RN pH k3 Uk S 4R i O oy
SIAERN 2.4 F1 8 h I A0 & 1 18 mmol/ LAY IE.
Bk ANFEVERAR BT S AR X R U A R i
OR A 9,10 FrR, AT LLE H 48 8 380 =
0.5 g/LIG% 1.0 g/L W], SR 25 R 2 FAR 0] 1 %
W T o 1 o/ L AR R 8 o m S B 97 26 1
Y] 2 I R 92 % Py T A it 5 A 3 k14 o 2 i
ST A 3 0 4 it 67 G B S AR AR, 39 7E 90 %6 A I L (H
BRI 28 e T B, X R O 7E m pH &
B T EURC 5 0 R D SO ZE SRR R R AR T AT
AN S IS5 R U 3 s 1y 3 [ 5 4 4R
MR B B R B & R (1.0 g/L, 4
SRR A Y A R e T R A 3 A5 . RN T 15
ey v o 57 T BT R B AR T 22 Y R B
HAET A BB A EAT TR, 2 E 788
33 S A U 5 ) i R v SRR AR i 2 O PR
WA Y 3 A I, AT AE 7 S B B K T FE AR
SR R U G 1 50 4 25 B, DA 5 B 1Y) e K
PR3 JE R

2.5
& --m--0.5 g/L
220 0.7 g/L
) n, A-1.0g/L
00 Ty
= 1.0 R
: S — :
T 05F T T .
0.0 1 1 LT A
0 4 8 12 16
% BLE E]/h

B9 SEMEMEXEREEYERNZN
Fig.9 Effect of aluminum powder dosage on

reduction of copper cyanide complex



545 BH 5 W]

RICHR 55 AL IR B 50 P B R -5 SUA W Y B9[] 90 Ak T i . 681 -

100

0.5 g/L
B220.7 g/L
N §51.0 g/L

80 [

60

A EI%

B 10 RE4EM I E T B4R B B #0451 F B iR
Fig. 10 Copper recovery and aluminum utilization under
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reduction of copper cyanide complex
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Fig. 13 Effect of pH on aluminum precipitation

2.5 THEARBTIE
2.5.1 EEk#E = X I 2k SR T E B9 =2 I
WCITER 5 20 TN 1 mol/ L 4B 2 37 4% %5
W 72 SR BEFE R 30 min, % 5% W2k 4%
Joni: %ot 3 2k AR O TE 1 R L 45 SR A&l 14 FTOR
AT LA - 0 A 43 o 348 R AV v T R R
JEE TR RV R R B SRR S T A 2P
ORI T o T B B, U0 0k R T
PB4 An i 29 4 44 mmol/ L, T 52 bR £ fin & 78
40~50 mmol/L Z [A]A} . S 450RN 4k i i vk 55 1y
KA, WEREIME KT 40 mmol/L J5, B8R
SR R T R X TR Ry ek kDL RS R
KRR FRW . RV T pH &8 7, 6 {4
¥+ (Fe, (Fe(CND ) I FE & FE 78, B T
Sy, PRI 7 R R A DL TE i R L B
e B AL N & 40 mmol/L,



.« 682 -« M kR 4

2026 410 H

2.0 6
TLS Yy ol R T

4
% s %
= 10} 3
kY I
B o5l s 212
X . L 1 X

[ T
0.0 ! ! ! el — 0

T8k # N & /(mmol * L7Y)

14 TP &K% hn 2 3 T &k SR 70 3E B9 82

Fig. 14 Effect of ferrous dosage on ferrous cyanide precipitation

B WA In e S 40 mmol/L M 5 5 W it
UEAFERYE 4 Ve Ve VR T4 L O D b R AN U
W, 5 R, BT R HOGE 240 700, WUR BT
SPEGE 28. TV R AR LE 1 s 2.5, R
Xof IO = ) ) o B BRI A SR R U
W A BGA 53,4 %, B — BNl , W %
JEHE— 2P B S R S YR
2.5.2 pH X Ik R ITIE B30

BOTER 5 B, 75 B840 mmol/ L (8 &2
MR 3 I pH o 7.8.9.10 F 11, AN [F] pH
FAF N AREAR M DTV RO AN 8] 15,16 . AL
B pH R 7~9 B AR S AT FE 20 min N
SERBT T 94 0 WK FUR A UUVE 25BR 4 pH &
9~110F, B pH T &7 S0 Bk LB R A I T B
Bl pH T, SO B A58k U8 Hh U 4 B80T [ L Ak
MR, 3 R K O Bk R
AFE Ty i R A A AR AR T I A
R E T VAT S 220 PN RV R ABOR T e, B
e SR L EE sl b A L 2T R 4k L R
PRI s R AR AR 1) S A TR 0 28R, » 7 58 LT AR
J&i s TEAN T pH #EATEAMA T REELE 7~9 Z ]
Ry S E 90 %0 A b W AR SRR Al 2555

2.0 -
| --m--pH=7
o i --e--pH=8
.'_1 1.6 * APHDg
< 12 -v--pH=10
R -~-#--pH=11
K o8k
o | A .
R 041 g g g $ M
haaet LITTTELTTEEEER [ R .
0.0 L L 1 1 1 |

S R 8] /min

B 15 pHX TSR
Fig. 15 Effect of pH on ferrous cyanide precipitation

wy/%

=
o0
o
—
(=}
—
—

16 R[E pH T8k FHK
Fig. 16 Chemical composition of iron sludge under

different pH values
2.6 ITEZEREZE
Xof b e A T2 AR A TR U S iR A 5 R
fd FEAT IR SR LR 2,
F2 KAREEHE

Table 2 Reagent cost and benefit
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Synergistic Resource Recovery of Zinc,Copper and Cyanide from
Cyanide Gold Leaching Barren Solution
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2. Key Laboratory of Marine Environment & Ecology sMinistry of Education
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Abstract: Gold cyanidation barren solution is rich in copper/zinc cyano-complexes and possesses high
recovery value. However, existing processes typically require the conversion of copper cyano-
complexes into compound precipitates prior to smelting recovery, resulting in a relatively complex
flowsheet and high energy consumption. To address this issue, a coupled process integrating ferrous
precipitation and zero-valent aluminum reduction is proposed to achieve barren solution purification
and valuable resource recovery. In this process., zinc cyano-complexes are first selectively precipitated
by ferrous ions for zinc recovery; then, copper cyano-complexes are reduced by zero-valent aluminum
assisted by ferrous ions to recover elemental copper; finally, ferrocyanide is precipitated by ferrous
mass ions to recover Prussian blue. The results indicate that after treatment by this method, the total
zinc concentration in the solution decreases from 1. 95 g/L. to 0. 01 g/L, total copper mass
concentration from 2. 25 g/L to 0. 03 g/L, and total cyanide mass concentration from 10. 30 g/L to
0.20 g/L. The obtained zinc sludge contains over 22% zinc, the copper powder contains over 90%
elemental copper, and the iron sludge contains over 50% Prussian blue. Economic analysis shows that
the comprehensive reagent cost is approximately 78. 4 CNY/m’ of barren solution, while the direct
revenue from the produced elemental copper sludge is about 200 CNY/m?’. This method provides a
technical reference for the resource recycling and utilization of cyanide gold leaching barren solution.

Key words: cyanide gold leaching barren solution; ferrous iron; precipitation; zero-valent aluminum;

reduction; copper cyano-complexes; resource utilization



