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Table 1 Toxic leaching results of cyanide tailings

IrHTRE B bR R Cu Ph Ni As Hg Cd Cr Ag Zn
ESE7R 5 100 5.00 5.00 5.00 0.10 1.00 5.00 5 100
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Fig.1 Process flow chart of harmless disposal
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technology of cyanide slag

iR MR (EK) B, S pHEIH TR 2.0 A&
A FoUE 1) 4R FUAL B & B IR | A 25 R 15
LR D AFRIE XA Timwh It A — &R 4
J&FALYIUTTE . XEUUTETE pH EH I IR 2 B
fif, PR, PR Ak I B s ) pH (2 DGR bR, W
Ktz OB L (1) ~ (4)
CN™ +H*—HCN (1)
Cu(CN)2” +2H* —CuCN | +2HCN  (2)
2Cu(CN)3™ +2SCN~ +6H*—Cu, (SCN), | +6HCN
(3)
Zn(CN);” +4H"—Zn** +4HCN (4)
B A) Fe(CN) ¢~ BRICET A G B, 5
B HABH B 7 Me®* (Me 3% A Cu.Zn . Fe,
Pb %) 55 I UTTE , W Kb SO L= (5) .
2Me’* +Fe(CN)¢{” —Me,Fe(CN), | (5)
2)HCN kit , HCN Z3# %, 75 AR IR H



.52 - T E A & %A

SZaMASIMR

PRI SR FH ] 9 A A 25 S0 (300) B HON IR HS
K BB IR R L E ey H 8y,

3)HCN SR, FHZ (R IR 1k
J5 KA 3] HCN AU FH NaOH 375 42 find 1% Wi
R & Az F s 7, A2 B NaCN 3% S i 5 & A4 HL
SR IR S . T HON J2 55 1R, W Wie ok o0 244
FE— 22 WBR A BE PRIE 58 4 WO, — 4% ] NaOH
W P 1% ~ 2% NaOH 3 &, W W sz i W
K(6),

NaOH(1) + HCN(g) =NaCN(1) +H,0 (6)

AN RTINSO G
A FE AR R R E A T A AL T
2.2 SO,-ZREBREBRERE

SO, - ZE A IEBRA T Z , WHAE INCO i, 7EH
PE 2 5, AR T A AL E LT,
FIH SO, Fizs S W R A IR 5040 4 4801k B B
BARMYE IR B 1, Bk — 20 Ak Ry i R AR AN
2, T SE B B 25 A mUR K R sk,
INCO ¥4 16 & Ak W A i 5046 9 14 Ak 2= s g D
K(7) ~(9),

Cu2+
CN™ +50, +0, +H,0 —
CNO™ +S0O;” +2H" (7)

2+

Cu
SCN™ +480, +40, +5H,0 —>
CNO~ +5S80;” +10H" (8)

CNO~ +H* +2H,0—~HCO; +NH;  (9)

SCN ™ FYLBRREAR, N 10% ~20% | I i3
HTRR Y SO, 1] FH VAR ERER AR VAR EM (Na, S, 05 ) |
EHRFRE ( Na, SO, ) B AR R & 8% (NH, HSO, ) #2£1E
St AL R AN A, SO, — 25 AR AR AR K
Fe(CN),” ihJF AFe(CN). K5 5 E4EE T
SEA LB R LB SRR SRR
R A b R B /N SN CNT L Zn (CN);™
Fe(CN):™ Ni(CN):™ .Cu(CN), .SCN~IP!

brE 4R R L (10) ~ (11),

2Fe(CN);” +S0, +2H,0 =2Fe(CN);™ +4H" +S0;~
(10)
2Me’" +Fe(CN)¢™ +xH,0 =Me,Fe(CN),-xH,0 |
(11)
A :Me 3 Cu Pb Ni FHEJR,

3 B R
3.1 SHEBFEESEKIKNE

Bk B R A 309% W FEEA I B 1 L R4 7R
I, B IE MR 50 o/ L AT R R B EA 2 h,
BRI BN A &, BRFARENAHE
TR BEXT R & iR R, AR

1) 1"EAL RN R G & R0, I, 5
HEHBE 1. 6%0; INTEES 50 /L, IR 2 h, 14 3E , 1t i
Je AT 4

2) 2 AL R I N B IS I R G S PO, TR
P FAR R E = 0. 8%0; TG MR 50 g/L, 5= 2 h,
iU SRR I 4 i,

3) 3" EAL R In# B I R G S mUAO,
TR E 2 0. 5%0; INTEPER 50 ¢/1, 5iZ 2 h, iU,
SRRy = H e

ISR 2,

F2 FULRBERE RS

Table 2 Experimental results of carbon leaching of

cyanide tailings g/t
ETRe JFAE 1* 2# 3*
AR EY 4 1.68 1.39 1.38 1.37

A R R R A, R FR MR B, FURA
/NTF 0. 5%o, & T 4 i T DAREAR 0.3 g/t
I AR 376 T35 P o W B o %) 5 4 R O 1k e i
50 g/ L, BRIZ RIS
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(TR  Pra iy T 379 g; FHA W K AL 30% 5
HRFER I R R L S IERE  7ER TR R R it
IS5 F T AT
3.2.1  FRALIMC L bR a5

ORGP 3K 1 L, B, B 98% i iR I
pH {HZE 1.5 ~2. 0 B il A R 4i 28 A, 5 il i
7E0.1 ~0.15 m’/h,0. 1 MPa, % 7 ; 56 i A5 oG
W3 pH AE, PRIE pH {EXE 1.5 ~2. 0 ¥ il %
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FHUE , DI AR A, U DR AL IS E AT R A
W, 25 Z RSN R EA ) 25 BR AR B 52 3=
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Table 3 Experimental results of cyanogen removal

by acidification and blowing mg/ L,

B
G5 & Cu  Pb Ni As  Cd Cr
[6]/min

[l # — <5 100 5.00 5.00 5.00 1.00 5.00

a” 15 12 0.42 3.90 0.07 3.82 0.07 0.18
b* 30 10 0.40 3.73 0.06 1.88 0.06 0.15

¢ 60 9 0.69 3.8 0.07 1.85 0.05 0.16
T B A PR R v B 1 5
DL iR ge g R s wUL R B RRAL WO | BRE%
T AR, A S AR Y54, Ph  As B =1, 5 4K

LR FIRAR UL AL, TR AL I 2o F2 LABR 2 A R
PR, B3 pH AE ] 1.5 ~2. 0, BRI s [ 42
il 7E 30 min RIA]
3.2.2 Bk SO, -2 LB AR

1 L _FaR e e n U R SO, T P I A
SO, (M, SO, PR 5% , T SCIR] itk ) Fi % 4
BEIFHERIARE, W B AT ESINA N
B AR R 0 B VR B R 30% B, 1 T
pH {H 8.5 ~10. 0, 15045 oL J5 il ik, DRI 5% 550, U
PRRALI = TEER A, RS R, 3 RS
15 min 30 min .60 min 120 min , % £X B} [A] %540
Yy LBRASCR B, R E s WK 4,

R4 E AR B U SA S

Table 4 Experimental results of cyanogen removal by sulfur dioxide under alkaline conditions mg/L

5 BERETE/min FRE Cu Pb Ni As Hg Cd Cr

E5E7N — <5 100 5.00 5.00 5.00 0.10 1.00 5.00
1* 15 120 0.04 0. 14 0.03 0. 90 0.01 <0.01 0.08
2* 30 100 0.07 0.20 0.05 1.55 0. 003 <0.01 0.09
3# 60 70 0.07 0.19 0. 06 3.82 0. 002 <0.01 0. 05
4* 120 19 0.05 0.23 0.09 4. 44 <0. 000 01 <0.01 0. 04

MR AL JG B 3% O & pH {H 8.5, B < M [H]
30 min, Bl k24 T 2R H S0, -FSRERER RES
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30 min J& , #EATHRE T 2404 A s kb
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VRERRAL R BE IS I A 30% 0% 17 mL, 8 pH &
£ 8.5, Pl A A B AN, AR I AR RS
FE pH {H, PRIESS 8P, B S N 30 min, 0% AE &2
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2HERRALIR LSS A R4S 8.5 ¢, 4 pH fHE
8.5, Fhil A A AL B AU, b FE oI A AL S AR
%€ pH {8, PRIUESSBPE | B SN 30 min, A AL E5FE
7 30.6 g,

HRA T e -5 i S8 A B R A TR
X, 18056 5 T D AT I, DB R 5 SURT pHL KL,
IEDRE A S AT e TR AR g i
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BR R < Jm Al
Table S Experimental results of cyanide-removal and
metal removal under alkaline conditions after

acidification blowing off-neutralization-sulfur

dioxide-air combination mg/ L,
45 FRE Pb o As ZFHFE
_ 98% W, AAES/ 30% I/
g <5 5
mL g mL
1* 1 0.67 0.44 10 0 78
2% 0.6 0.84 0.01 9.5 39.1 0

5 UM 2TEER RS T L AR SR
PIAbR (RN A G B A NIJC) , Pb As 1/
T 1 mg/L R BRI — A - 25 ARG T
SRR E & R AR I T8 — AR B B —
EA -2 . TR Uk R i Ak AR
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Table 6 FElemental compositions of cyanide tailings

%
) % Au*® Ag® Cu S
i 2.15 64. 30 0.24 2.34
TE . R« 1 Au Ag B0 R g/t
2) 15 Kt S oA

Wit 5L RIE LA G4 3 4y IR 200 o/ 17,
W HAR TE Ay o 1 Tk BE 30% 3%, 43 48 98% B
iR 98% TR \98% K lR +98% TR (KRAR: IR =
5: 1) 83 pH (M Jy 2.0, FRIEHEFE 0.5 hy T
EST IR B U/ RY e NP <1 R 1L b = S R R
B, ISR T,
RT PRALTE PN S5 B

Table 7 Experimental results of gold recovery by

acidification g/t
il e TobERER  ToLASAR  TAVGiAR + Tl ASER
Bitih Au &1 2.13 1.94 1. 63

PR 45 2R WoR , 7E A B T 2R R A
LTI BRI IR0, 07 R ATS AR 02 &5 Ak
F AR RS P A R AR, RaiEsin T
MV BRR , WA R i PR ROR AR , TN il R X

AR AR A —E e R, TR S5 T
WA RIS 1F T, WAL R i FHR RO e, R i
G AL AT FEA 0. 50 g/t, T, IRIR WL R it
e PLEE, T E R MR R A I — AR ——%
“HRAERT, BIEIR S RRREAE A T A Al A8 2 BIR
TRALBC S P 2 A U R R R IR DL
T Je S Ak L AR PP AR I BE SURR AT R s Uk R i
Ak SR i

4 Tl H

FE AL BT T T I BT VR B 30% , N
% 50 g/ L, 5= 2 by K 2k b e 0 oE TR A A , %
Ji 1) FRALAE H i A B R — B FR TR R (98 % i 12 : 98 %
SR =5: 1, WP R IR B HILIE IR ) X3k i 1T R 1k
SO, FEHIRE pH o 1.5 ~2. 0, IRIZIE B ( &
MTARIE W ) 30 min ; FRALIK LIS, Jin LA v v i, adE
A AR BURE  #d ThF pH (B 8.5, 3 A
AAER (16 B, SO, KRR BE 5% ) Fl 25 SR
30 min, AL PEH I MR F N E S E, ME LR
FRIGO, RE SR IN XJD 548 2 BR 7, 58 &
LB E L E S E/N, TH R XID #H 4 8 2Bk
F s MELEIR SRS LA D R WA XD &
4 Jm B,
4.1 BTHR

ZE IR ER B RSB H AL B
e S0 330 vd, FALREIET WKERILIS , R WA
( BALH)) XA I rh S ALY WS IR0 %
W SO R JI5E  Fr A &, SR SR I B W WA 3k % ik
75% , SR AL B2 s Ak Al ; T Ak = i mT Il ik
B4 015 g/t HEES I R IR BN LR, 2
AR AR A AN AR e BOR S B S , fH i%E
R4 B AR T Tk 3 R R SR ) — b [ PR
PEIR PR UE,

XIS AL R (PEAF SR ) 265 =
JrifE TR IR A, 5 SRR 8
4.2 BFYBESW

BETLIH BB 909 J7 o (& H
81.625 JiJu/a) , #HHE 51 T 9 A, AN T AL A 4F 35
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Table 8 Third party test results mg/L
oz i) S5 A pH Hg cd As Pb Cu Zn Cr(VI) iRy
TALR I E 1 6.3 0. 002 67 A 0.001 46 0.20 0.03 0. 087 A ARG
SR E 2 6.5 0.002 07 ARA 0. 001 66 0.27 K 0. 083 A AHG

®9  TEAAWE

Table 9 Major cost consumption

2019. 5—2020. 5 2020. 5—2021. 5

i H M A S/ M 7 A S/
AFE Ji Tt HAFE Ji 7t
Wi 14.3 kg 68. 423 15.2 kg 71.247
Ha A 58. 46 kg 80. 557 61.34 kg 70. 354
T 0. 86 kg 13.7 0.78 kg 12. 4
AR 100 £/ H 15 87 £/ H 14
HLAE 12.3 & 84. 485 12. 8 & 88.524
(3L 1.83 7t 18.37 2.4 70 22.46
waATIH — 81. 625 — 81. 625
N T A — 63 — 63
it 425.15 423.61

BIMEW A S Ju/t, FEBFIEETHAE 148 T1 ~ 184
J1, BARILER 10,
F 10 2019.5—2021.5 FELFH ARIER

Table 10 Major economic and technical indicators

from May 2019 to May 2021
GE: s A i 7 1A, I

st (] . . .

Tt Vi Vi Vi
2019. 5—2020. 5 10 609. 17 425. 15 184.02
2020. 5—2021.5 9.3 572. 46 423. 61 148. 84
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RS, ¥ —4EAL P 10 7« SUL B IR, A RS
ABLS 14270, B R G R, Al Tk
SEIORBL Y, R L I R 22 T Ak AR
e

5 5
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2R L PR B RO
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PRI F B2 AR 2510 BRAE, B Jm
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PR 16% ) , BT 429 14 kg, BALRHSL
B 5 Ju/t, AEBAEIA ] 148 T7 ~ 184 10T,

ZRMRBE LSRR, 25 T 2 F2r Tk ik
IO, RERGUE IR A AN St e, BT —E I &
eakias , BEIR B T o HF AL A B By, L T B A
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Harmless treatment of cyanide tailing and recycle research

and industrial application of resources

WU Yongsheng', ZHANG Zhanyi', YANG Junjie®, LIN Feng', ZHOU Lefan', HE Shaojie'
(1. Zijin Mining Group Co. Ltd. , Shanghang 364200, China;
2. Henan Province Centre for Ecological Environmental Monitoring and Security, Zhengzhou 450003, China)

Abstract; A new process combining carbon leaching, acidification stripping, neutralization, sulfur dioxide
(smelting flue gas) air method, and XJD heavy metal removal was studied using cyanide tailings from a certain
smelter as raw materials. A harmless treatment and comprehensive resource recovery system for cyanide tailings was
established to achieve harmless treatment and comprehensive utilization of resources. The results showed the
optimum process parameters were as follows: pulp concentration 30% , carbon leaching for 2 h, acidification with
nitric acid-sulfuric acid mixture, pH =1.5 ~ 2.0, acidizing and aeration for 30 min, after acid stripping, adding
alkali for neutralization, controlling neutralization pH at 8.5, reacting with sulfur dioxide in air for 30 min; the
process had been applied industrially for two years, which had got good effect, the process of cyanide tailing
conformed to the standard Technical Specification for Pollution Control of Cyanide Leaching Residue in Gold Industry
(HJ 943—2018 ) , met the exemption conditions for cyanide tailing in the National Hazardous Waste List (2021
Edition) , and the harmless post-disposal process is treated as general solid waste. The process is applied for
comprehensively recycling cyanide and precious metal from cyanide tailing, with certain economic and social
benefits.

Key words: cyanide tailing; carbon leaching; acidification; sulfur dioxide air method; heavy metal removal;

cyanide removal; combining method



