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Table 1 The main composition of crude selenium steamed selenium slag

FE 5 Cu/% Pb/% Se/ % Te/% Ag/% Au/(g-t™) P/ (g-t™) Pd/(g-t™")
1 13.4 13.7 21.0 10.7 3.65 1125 382 641
2 12.6 16.9 25.1 6.92 4.40 1608 160 870
3 11.4 7.01 16.5 11.7 2.34 1342 869 376
s 13.34 10. 81 20. 13 8.17 3.24 1374 455 642
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Fig.1 The XRD pattern of steamed selenium
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Table 2 The leaching rate of Te, Se, Cu and Pb
in the first oxidizing roasting-leaching procedure
e KRR WA R SR HER %
H's /T I % i 1 kil i
01 300 8:1 65.9 85.65 25.20 0.06 15.24
02 350 8:1 58.3 94.48 40.15 0.05 17.81
03 400 8:1 61.9 80.25 45.62 0.03 18.57

04 350 4:1 66.2 78.63 35.22 0.02 9.52
05 350 6:1 59.0 89.62 39.12 0.05 10.56
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Fig.4 The XRD pattern of the residue postfirst
oxidizing roasting-leaching procedure
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Table 3 The leaching rate of Te, Se, Cu and Pb in

the second oxidizing roasting-leaching procedure

RN Y o R T 2 SRR AL %

i /T H % il i il i
01 400 8:1 56.2 1.65 44.95 0.13 17.45
02 450 8:1 54.8 1.78 49.91 0.15 18.78
03 500 8:1 53.3 1.23 50.12 0.17 25.41

04 500 4:1 56.5 0.95 36.52 0.08 16.85
05 500 6:1 55.3 1.56 47.53 0.12 19.64
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Table 4 The leaching rate of Te, Se, Cu and Pb on various HNO; concentration and various

ratio of solid to liquid

wsr R e Ll
(gL il i i it i
01 50 8:1 27.0 82.62 16. 62 2.52 1.23 0.14
02 80 8:1 20.5 89. 84 57.76 4.26 2.56 0.12
03 110 8:1 17.2 95. 85 58. 14 22.91 3.25 0.15
04 80 6:1 21.7 78. 63 55.43 4.13 1.42 0.12
05 80 10: 1 19.7 95.21 56.35 4.42 2.45 0.13
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Table 5 The remove efficiency of Cu, Pb, Se

and Te after the whole procedures

g WEBE M B
— B AR B - iR 40.15 94.48 0.05 17.81
TRR AR - i 50.12 1.23  0.17  25.41

Ty

THmR 2.45 0.13  95.21 56.35

i 92.72 95.84 95.43 99.57
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FERH RIS HH BRI 5 10 1 A v, HLAR A i b oA
AR AL AR R, S iR R, n]R
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Table 6 The content comparison between crude selenium distillation slag and HNO, leaching residue

TE Cu/% Pb/% Se/% Ag/% A (gt™")  PU(gt™')  Pd/(gt7h)
ML 13.34 10.8 20. 13 3.24 1366.6 486.6 633.3
TR I ot 4.32 4.34 2.20 14.96 6105. 1 2204.3 3002. 1
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Fig.5 The concentration changes of Ag” in the

HNO, leaching solution post addition of NaCl
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Fig.6 The photographs crystallized product and the corresponding XRD patterns
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Table 7 The elements equilibrium in the whole procedures %
Iy it Cu Pb Se Te Au Ag Pt Pd
PN 97.58 80. 51 64.78 9.6 107.52 104. 98 96. 47 105. 26
— B RS b - iR N & 0. 06 17. 81 40. 15 94. 48 1.21 0. 06 0.59 0.53
R 2R -2.36 -1.67 4.93 4. 08 8. 87 5.04 -2.94 5.79
PN 97.90 78.59 31.75 65. 00 104. 06 104. 32 95.12 106. 5
T B R B pR N/ ES 0.17 31.55 77.01 35.83 0 0.04 0.61 0
N -1.93 10. 14 8.77 0.83 4. 06 4.36 -4.27 6.5
PN 8.37 15. 68 72.95 65. 38 97.61 104. 41 98.72 103. 76
T ER I N/ ES 86.71 90. 69 28.8 35.9 0.22 3.56 1.28 0
AR -4.92 6.37 1.75 1.28 -2.17 7.97 0 3.76
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Wi 4. 42% 4R IR T 3K 99. 8% o 423 3 A4
TP e, il AR BE R 3R A E 92. 72% |
95.84% 95.43% F1 99. 57% — Bt fl — Bt A AL 4%
Be— i IR AR R 28 3 v AL BES AT R IR
A BUAT PR [ i A 7 T B R R i P
A R A A, AR A SR TR
Frea ot 4w o DUAR I FT B 1 )T 5t A I
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e o

S &g
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AT LA B 5% B (A 11 718 T, i 8
B s Pl AV RAS U g 318 T3 7, Pl A 7
IBAT AU A 269. 65 J7 L, W14 9 R, MK,
AR 100 ¢ LA A A i 1 7l A T 28 0 2 =
11718 — (318 +269.65) =11 130. 35 J1 I,
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Table 8 The overall value of rare and precious metal

in 100 t crude selenium steamed selenium slag

Tt 4R SaRNE, REEENCE, B e R
PSS SN NI Vi % Mt/ 7ot
& 5423 99 5369
i 1733 98 1698
L 999 96 959
ol 3231.6 96 3102
Tif 272 90 245
i 383 90 345

SN E 12024. 8 — 11718

R 100 t A& VAT A 5 2R I8 1T
JEA TR

Table 9 The investment cost budget and production
operation cost budget of industrialization for 100 t
crude selenium steamed selenium slag treatment
— el kR Wil LR
FIFE  FEZY AbE SO
JRASTHAE/ 1 IT 318 72.2 18.25 71.2 108

WAE T 318

A

269. 65

AHITFEAR A 9 B AR AR e — T TR — T TR
B T A IR AT P B A A R
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JE S B AL, BN IR AN 2 B AR SR B
Kb

5 4Eip

AHITFER A 1 B ARG b8 — 7 e Bl 5 1 il PR
RN R ITH B 25 5 3 B o

1) — B hibe - 32 T iRk e 6 H Y
e S B [f) ] M S s R e A, L S B 119 4 52
2R RAET M R BEIRE 350 °C i E Lty
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A1) 94. 48% F140. 15% |

2) BB - TR R I Dy e H
SEPR R PRI , SE IR LA . fe AR A
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53.3% , Fifi FAR 352 0 2853 2R 1. 23 % Fi1 50. 12%

3) Fi IR =t 00 A B 2 v b i A A
BAE T A R E L 100 1, G RV B 80 o/L, ¥z i
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19.7% , 4, By, R0 R 5 5 95.21% |
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Study on comprehensive recovery of valuable metals from distilled selenium slag
KONG De-song' , LUO Jin-song', XIA Ting', XIANG Cheng-xi', WANG Xuan-bing”,
JIANG Wen-hao®, ZHU yun®, XU Rui-dong’

(1. Southwestern Copper Branch, Yunnan Copper Co. , Lid. , Kunming 650000, China;

2. Faculty of Metallurgical and Energy Engineering, Kunming University of Science and Technology, Kunming 650093, China)
Abstract; As a by-product from vacuum distillation of crude selenium, distilled selenium slag is enriched in
copper, lead, selenium, tellurium, gold, silver, platinum, palladium and other valuable metals and is an
important resource for precious metals recovery. The high content of selenium and tellurium, as well as their
presence in multiple phase structures, and the formation of intercalation and inclusions with copper, gold and silver
have limited the selective removal of copper, lead, selenium, tellurium, etc. from the slag. To achieve subsequent
enrichment of precious metals, the process flow of “two-stage oxidation roasting-atmospheric alkaline leaching and
nitric acid leaching” was proposed to treat the slag, in which, the primary oxidation roasting - atmospheric leaching
can completely leach tellurium out, the secondary oxidation roasting-atmospheric leaching can realize selenium
removal , the nitric acid leaching can remove copper and lead. After the three simple steps, the removal rate of
selenium, tellurium, copper and lead can reach 92.72% , 95.84% , 95.43% , 99.57% , resp. The process has
provided a feasible way for separating precious metals from base metals in distilled selenium slag.

Key words: distilled selenium slag; recovery of precious metals; separation of base metals; recovery of copper,

lead, selenium and tellurium; oxidation roasting-atmospheric leaching; nitric acid leaching; utilization of resource



