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Abstract

The conventional INCO process for cyanide destruction is often challenged by excessive reagent con-
sumption and unstable treatment efficiency caused by pH control conflicts. To address these issues,
a novel green process was proposed, in which naturally occurring copper ions in the slurry were
utilized as catalysts, replacing externally added copper sulfate. Laboratory simulation experiments
were conducted to systematically compare the catalytic performance and reaction Kinetics of en-
dogenous versus exogenous copper ions. The results indicated that when endogenous copper ac-
counted for 80%~85% of the total copper ions, effective cyanide degradation was achieved under
optimized conditions (pH 8.0~9.0 and controlled aeration), following the same catalytic pathway as
copper sulfate. Industrial field trials further demonstrated the feasibility of the process: concentra-
tions of CN- and Cu?* in discharged tailings water consistently met regulatory standards, while an-
nual reagent costs were reduced by over USD 1.18 million. Considering the natural attenuation mech-
anisms in tailings impoundments, the process offers both economic and environmental benefits,
providing technical support and practical experience for the green treatment of cyanide-bearing
tailings slurry.
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TR OE AR R T, oSNNI R AT SCELHEALAE A, AT 5 48 24 750 A O (IR A M L <
JEbHE, FRfEC T RN AR R RN R PRt AT — 0 B AR B, BB R N il K it
TR, Cu®* & &/NT 03 mg/L, F7& IFC Ebabrtt. 1% T2 HAWHRIIREEME, A0 AL S R i
W7 MK T A2 B2 AR . b TGRS s, AT sl SR AL B
3. KBS
3.1. U/ RE5

SEIAN AR RE SRR . N A SL). BERIEHHLGRE 0~5 L/min 7] 1#).
SRS FELRRIREN . TUKBRERER, R T,

3.2. REAFE

SISy R R AN SIS ZH, X IR IR I AN AR BR B (R 10%- 40 g/t), SIS ZHAF A b pe s =5
o WURIR HARFER 22 5% 3000 ml 23 HUIIN 25550047 BB, R 20 0B EUFE AT 2 v WADCN. 7 55
v HTRIE. pH FIARA(DO), ARFE LS J M B+ FI AL R e S S N sl 112

4. KUEHRE TR
4.1. WRPEEF SO

TEEAH 2, VEARAER S (AR B 1 LA[Cu(CN)2] ~ [Cu(CN)3J* « [Cu(CN)aP-25 48 & W T RAFAE[9].
I AAS (JR IR RE V) 7 iR e i 3% P e i 5 B AV A a] I A3 e FEVR I e i 3 R A 3 A &, 4
B o E A 80%~85%, WL 1.
4.2. B FREAHEERTEE[10]

Tt 50 15 B SO0 20 DL RS RS AT 2 i B8 1 IO A PR RE LA, S8 B RL R IR 0k 02 HE R R 22

M f

DOI: 10.12677/meng.2025.123016 126 ek


https://doi.org/10.12677/meng.2025.123016

Dy 4

XTHRAL AN AT 10% 5B BR A (40 g/t), SEISALRIHN KN IRA S 1. RS 25°C AL, IR
3ml (K E 10%), 785 & 3 L/min, pH #%H|7E 8.0~9.0. 45RUN% 2. % 3 Fius.

Table 1. Analysis of copper ion content

=1 BT AL

S /ppm 418 F/ppm B %
11.26 9.57 84.99
12.00 9.87 82.25
13.76 11.23 81.61
13.04 10.57 81.06
12.69 10.79 85.03
8.46 6.80 80.38
7.62 6.38 83.73
7.02 5.62 80.06
6.77 5.59 82.57
5.85 4.70 80.34

Table 2. Experimental group: No exogenous copper sulfate was added

2. KERMH: RIRMINEFELE

Time/min Cu/ppm WADCN/ppm Free CN /ppm pH DO/ppm
0 9.69 57.29 17.30 9.40 7.80
3 9.58 50.20 <DL 8.25 6.30
7 8.85 48.20 <DL 8.21 3.86
10 9.74 46.47 <DL 8.05 5.01
15 9.48 43.93 <DL 8.26 6.98
20 9.52 42.35 <DL 8.21 8.11
40 9.75 41.86 <DL 8.11 9.10
60 9.70 40.82 <DL 8.07 9.80

Table 3. Control group: Exogenous copper sulfate was added

3. B RININRRERE

Time/(min) Cu/ppm WADCN/ppm Free CN/ppm pH DO
0 15.58 57.86 18.10 9.95 7.20
3 15.56 43.26 <DL 8.90 5.70
7 15.74 42.68 <DL 8.70 6.70
10 14.88 42.62 <DL 8.53 4.39
15 15.43 42.53 <DL 8.51 7.09
20 15.16 42.45 <DL 8.49 7.33
40 15.56 41.17 <DL 8.43 7.44
60 15.80 41.69 <DL 8.39 8.99

DOI: 10.12677/meng.2025.123016 127 ek


https://doi.org/10.12677/meng.2025.123016

Dy 4

SKIRZE AR, WAL R TFIREIR, B OB AUHEAT IR B RN SR BRI 5 AL R A
40 min J5i& T 2%, MABEER| %, WK 1.

30
R*=0.9446 ® ........"','.’.‘.'.'.'.‘.‘..-'.'-‘-'.'.'.'.'.'.'.'.»'.'.un ¥
_........-.-.-.'.'_'.'_ ........ [
20 e g R?=0.9538
......... P
O e

e o g
s 10 e
<
P4
a
< 0 i
3 0 20 40 60 80 100 120 140 160 180

10 K

00

® Testl,StiHl @ Test2, FfREZH -.ooooeee SHEL (Test 1, SZIGAH) «eeveeees S (Test 2,57 BE4H)

Figure 1. Comparison of copper ion catalytic rates
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HEARPHPYR, KRS A 30 )1 55 AN 2GR FE 72 e 5

(2) HAEFHAIT LM BN FEWIGIKRE S8R AENE LG 25, (A 153 108 25 4 k
e —H8E, HB RGBS —. XKW, BMEVIGZEANTE 8 3% S BRI ek
ZIEG & BRFAE o

(3) JAPRVEGEI: FEFRH, I8 CN IR I mE Cu R IRAR(F 2L RO &5 6~12 X (1), ] fE
TR 2 BT PR B S PR A IS Ol . DRI, AR ST A5 18 £ G T RO T AESI0 mT AT XR] P IR 242

gE b, AR ISR BARFENIMGIREZE S, (Hl T M ERAAMHE . R ERYE 2, ifEshh
ST B A R A AR AN AT H

DOI: 10.12677/meng.2025.123016 128

s
e
H
i


https://doi.org/10.12677/meng.2025.123016

Dy 4

Table 4. Experimental group: No exogenous copper sulfate was added

4. KERME: RIRMINEFELE

Time/min Cu/ppm WADCN/ppm Free CN /ppm pH DO/ppm

0 9.18 38.41 14.10 9.41 5.90
20 9.63 26.48 4.70 8.31 8.77
40 8.85 24.01 4.70 8.17 8.57
60 8.49 16.84 4.70 8.11 8.24
80 8.71 15.75 0.00 8.05 8.24
100 8.66 14.90 0.00 8.05 8.54
120 8.94 12.10 0.00 8.08 8.74
140 8.52 11.78 0.00 8.06 8.71
160 8.60 11.52 0.00 8.02 8.66

Table 5. Control group: Exogenous copper sulfate was added

5. RE: RMINRRELE

Time/min Cu/ppm WADCN/ppm Free CN/ppm pH DO/ppm
0 15.60 43.60 16.50 8.84 7.56
20 15.48 28.48 4.70 8.54 7.89
40 15.39 2492 0.00 8.38 7.99
60 15.15 21.09 0.00 8.42 8.17
80 14.75 17.75 0.00 8.33 8.08
100 14.57 19.88 0.00 8.20 8.11
120 14.76 17.20 0.00 8.15 8.54
140 14.64 16.88 0.00 8.10 8.62
160 14.47 15.79 0.00 8.08 8.81
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Figure 2. Comparison of reaction rates
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Figure 3. Trend chart of cyanide removal efficiency using exogenous copper sulfate as catalyst
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Figure 4. Trend chart of cyanide removal efficiency using endogenous copper ions as catalyst
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Figure 5. Trend chart of copper ion concentration in tailing discharge water using exogenous copper sulfate as catalyst
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Figure 6. Trend chart of copper ion concentration in tailing discharge water using endogenous copper ions as catalyst
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5.3. T pRAFTEE
XHS N AR R AR A S A 751 55 48 FH PN YR R 35 S AL RN P 25 77028 A A T B, 25 R 6,

Table 6. Comparison of costs

6. BARSTEE
%A WA b B AR /(3 T/ 2 B A/ T
IR FR 0.56 1,848,000
A5 FH PN AR B T 0.20 660,000
FH/FETT 0.36 1,188,000

MW ST LE Y, BB T 2HE i, mia 27 A > 0.36 3670, %08 HaTIlds /i
SRR AR A B & 330 Joml, TR 2R A 118.8 JiZETt.
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