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New technology of iron extraction and gold recovery from cyanide
tailings by cyanide process after reduction roasting and acid leaching

ZHENG Ya-jie, GONG Chang, SUN Zhao-ming

(School of Metallurgy and Environment, Central South University, Changsha 410083)

Abstract: The cyanide tailings were treated by reduction roasting and acid leaching. The cyanide tailings were reduced
under conditions of reduction temperature 850 ‘C, the mass ratio of pulverized coal to cyanide tailings 13% and reduction
time 100 min. Fe,0;in the cyanide tailings is turned into Fe;O4or FeO. The reduced cyanide tailings were leached by
sulfuric acid under conditions of a concentration of sulfuric acid 50%, the sulfuric acid dosage coefficient 1.2, leaching
temperature 105 ‘C and leaching time 3 h. The leaching rate of Fe is 93.66%. The leaching rate of Au is 92.4% under
conditions of sodium cyanide dosage 4 kg/t, leaching time 28 h, the ratio of liquid to solid 2:1 after acidic residue is
roasted at 600 ‘C for 2 h to remove carbon. The mass of cyanide tailings decreases by 38.8% after reduction roasting,
sulfuric acid leaching, oxidizing roasting and cyanide leaching.
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Table 1 Main chemical components of cyanide tailings (mass
fraction, %)

O Fe Si Al Ca Na S K As Cu Others
38.4 28.73 18.61 5.08 1.71 1.35 1.34 1.24 0.886 0.209 2.445

e 1 ma, S REhEERZITEN O,
Fe. Sifil Al, & H—E &N As il Cu,

XA R TR A EAT 73 b, 5 R
ok EZAPIRP G R R (R
ML ARG IR, LAl 13.87%;
& S T A RAEAE T AR () BRI o, BT oty e A
83.18%. XUk R BEATHI Fi BT /AT, s LN K]
1 s
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TR (G Gk A s B 1(b) s A FUPR koA
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TN A O, AR AT E S BN el it L
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Fig. 1 SEM images of cyanide tailings (H—Hematite; G—
Gangue): (a) Evenly dispersed solids; (b) Single block solid;

(c) Single cellular solids
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Table 2 Analysis results of industrial anthracite (mass
fraction, %)

Ash Vdaf C

8.3 11.1 80.6

TN 11.1%, SN 80.6%.
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FRE— 2 ST )5 s R S5 00 LAy J2 7 5K
NN R, A2 D gt i ks be, &R bert:
23t BRI H G AT IR, R G K Be g
JER, RISV LE 600 C FEALKEE 2 h i, ¥
BB e BR R 42 92.13%3@ i fL42 K 0.048 mm Jii 5,
KSR S, LT ZRER”ME 2 fir.
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Fig. 2 Flow chart of gold recovery from cyanide tailings by cyanide process after reduction roasting and acid leaching
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Fig.3 Schematic diagram of layer filling
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Fig. 4 Effect of reduction temperature on leaching rate of

Fe?* and total iron
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Fig. 5 XRD patterns of reduction products at different

reduction temperatures
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Fig. 6 Equilibrium curves of iron oxide reduced by CO
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Fig. 7 Equilibrium curve of carbon gasicication products at

1.013X10° Pa
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Fig. 8 Effect of reduction time on leaching rate of Fe*" and

total iron
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Fig. 9 XRD patterns of reduction products at different

reduction times
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Fig. 10 Effect of mass ratio of coal powders to cyanide

tailings on leaching rate of Fe*" and total iron
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Fig. 11 XRD patterns of reduction products at different mass

ratios of coal powders to cyanide tailings

CO WREEHIN, MM T a8 JiU s R A, 0
KRR R CO WREEMIRT, ARS8 IR 1)
i, ERBEAC A SN () AT HEAT, WIS TR 25 i
IR AL /AN, IR G Rl A, & R R
13%H, Fe* LR I3 H 3R 500 4 31.11%F1 81.59%.

FHFE 11 mT0, KRB 8%, I R 32
AHRERRER . WA FIARERN™, Fe O3 ARMk 7 703k Jits
JHN R 13%I0), R Jir i = 25 A ek I A R i Ak
.

REE RN, MR 200 g I, R4
PEQTTR . IBJEIRE 700 °C, &S] 70 min, EHIN
N 13%. MAEZIE R 2 kg SR BEITIHOR
S0, SRR IR, A EIhat, K
R AT R, WA 20k 28.36%, LKk



5524 558 9 W

A, 55 AR USRI S i T2 2431

HEAUR 76.2%, XZERY RNV ISFET CO [ F 2K
BRI 1) C 5RMNARL CO;s 2)H 48 )R
RN A L) CO 5 C WA CO. TR SER 4
BHEE, W<, 5 C RNAREAEBUE ) CO,
SR T B8 SRS N R AR I R . THRAME AT ]
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100 min, HABKMFAAR, &5 13 200 A
80.13%fAEE i FLAE K 0.55 mm HIFF 1+, 96% AL L
24 170 mm (W71, ARG PORA, kel
2.0~6.0 mm, KA JARATHR R Y, DRI Fe FlE
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Table 3 Main chemical components of leaching solution
(g/L)

Fe* Fe’™ TFe Al Ca Na K

H,SO,

4337 51.15 9452 26 21 1.16 1.03 3136

. o—F3304
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B 12 JEORSEE ik s )i XRD %
Fig. 12 XRD pattern of reduction product in scale-up

experiment
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Fig. 13 SEM image of reduction product in scale-up

experiment

24 BRREFRMLERE

Z TR Au 18 9.18 g/t, BT C X4
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g, FHECT ORI RV b T 38.8%.
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Z 0, PERIRAE FEa RN, FIH LaBHIERRY
SEURIE LG NaCN H 5 B S BN )7 DR 25 DX 1] P o) 4
B RPN, IEASSE 45 RN 4 Al

IEATSE 25 AR, I SN I Ta) A7 ) T4 it
e, Dk, 28 h AIEE M, NaCN H&EXF 415
HRGZAK, e 4 1) 5 A7 K, NaCN H
HOLE, (HEFREER, NaCN KETHEKT
0.1%, I, ¥mariz A, Ktk NaCN H
Hh 4 kg/te WE HEANR GBS, Pk, &
PR L 2:1 @ B L. AR s N R
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2Au+4CN +2H,0+0,=2Au(CN), +20H +H,0,  (6)

2Au+4CN +H,0,=2Au(CN); +20H 7

s N (6) AT AT, S Nk F o T A A
AN SA I TemE s BN 5, $4m
OH R &AW &It , AR il T35 ALBA7E pH B/
10 B 545K, BRI, SESG I 1Y ) Y. pH {4 10.5.
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Table 4 Conditions and results of orthogonal experiments of

leaching Au (Lo(3%))

Experiment Dosage of Ratio of Leaching
Time/h sodium cyanide/ liquidto  rate of
Ne. (kgt™ solid Au/%
1 20 4 3:1 83.43
2 20 5 2:1 84.91
3 20 6 2.5:1 83.61
4 24 4 2:1 86.00
5 24 5 2.5:1 83.40
6 24 6 3:1 86.80
7 28 4 2.5:1 90.60
8 28 5 3:1 89.52
9 28 6 2:1 89.26
K1 251.95 260.03 260.17
K2 256.20 257.83 257.61
K3 269.38 259.67 259.75
K1 83.98 86.68 86.72 777.53
K2 85.40 85.94 85.87
K3 89.79 86.56 86.58
R 17.43 2.20 2.56
x5 AHRELKRLR
Table 5 Results of leaching Au by cyanide process
Raw Volume of  Concentration  Leaching
aterial leaching of Au/ rate of
solution/mL (mg'L™h Au /%
Residue after
leaching and 279 1.656 92.4
removing carbon
Cyanide tailings 263 0.2 19

W& 5 wrAl, MRS, PR RN
92.4%, WAL R HIRE G IR AR 19%.
RO PR R SR R A B R 5, AR T kA
W) 5 IR SRR G BB RS S A0 R, T
AR ST B E, KRR TR,
VLA R T 2 A H T s Rl P ek e 5
[l % T 200 AR SR NS Tl i &
%, SR IEL AT EE R

3 #ig

1) R IER I 5 A R 3 B A s
F R 13%, BRI R 700 C, MU E] 2 70 min.
SR, Bl AR P RN, I S R 7 A
K, S5O BT E T = F 850 C.

2) YRR 1.2, BBRIKE N 50%. 7
R AE D 105 °C L B IRy 180 min I, ffRi th
TR BGR HR AU 46.00%, EMIFSAE T, #i
TRz Bk R AL R, B FIE 3] 93.66%.

3) MR LA AR R AR IR S 5 AR, 2
pH {E % 10.5. NaCN HHth 4 kg/t. W LE R 2:1, &
HN TR R 28 h I, IR HFRIEE] 92.4%, AT
A F A2 1) > T 38.8%.
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