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Table 1 The main composition of crude selenium steamed selenium slag

HE Cu/% Ph/% Se/% Te/% Ag/% Aw/(g-t™") P/ (g-t7") Pd/(g-t7")
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 1 608 160 870
3* 11.4 7.01 16.5 11.7 2.34 1342 869 376
LR 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

residue
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Table 2 The leaching rate of Te, Se, Cu and Pb
in the first oxidizing roasting-leaching procedure
[ s o T A S AR %
g5 BEE/C W % T il Hi A
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

B 3 o = S I 2 LEIBENRE/ %

s E/C 54 % i i i 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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27.0% 20.5% 1 17.2% ., Zid &, #BEE
28 N BEIZ 1Y) 50% e BRI 2 20% Aot , R
o P s A i0E AR IR R, DR A, B 5 S TR
WREE AT 4 0 BRI R Y B R U T i Y
A RERE S R R MR B 110 o/L B 40 B 3=
R R 95. 85% H158. 14% fHAR (135 H R 45
FR22.91% ,AF TR E 4, B, 78 B BR 4
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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

A TR i/ B L WA % TR
(g-L7") it i R il 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

F A BRI W R 8¢ LA R L, R
20. 5% , Fifi 5 Y [T LU A 38, o 32 W RIS, 2
[ LEIG N 2 10 TR XS] B RIAR A9 3= Hh 585 e A
XTHE/AN, AR UL, i A2 SRR S TE 95% A2 A,
HYIIR R RSB 56% 2o A7, AR 035 H 2R s ol e
5% LAY, PR IR0 A8, O T B RE A 2 A v v i
AR R RO RO L 100 1A,
WIS A BRI R R R A I Ol 95.21% \56.35% |
4.42%

2.4 IZERHHR

2515 B B e pE 356 45 AL 00 R T AR A3 L
x5, BIERT LR 6, R5 FHRRY], R T LA
1 AR TF, AR LT R 2K 5t 4 TR A 4
T, REUAE 2 05 A v AT ) O B AR B 92, 72% |, il ik
95, 84% ,4iik%) 95.43% VA F 99.57% . 3%
6 BEEW, BEERMANBEHBEAREET 4.
BRSO S SRR R B A R R TR AR T
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Table 5 The remove efficiency of Cu, Pb, Se

and Te after the whole procedures

T T R
g BE KRR B%

—BUAEA S - iR 40.15 94.48 0.05 17.81

TR

TBEARE - iR 50.12  1.23  0.17  25.41
iR H 2.45 0.13 9521 56.35

it 92.72  95.84 95.43  99.57
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FERA RIS bR BT o A v RO 2 B s v
AU AR AR I, 2 IR R, A
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S PECORERTRITIRENT ), 455 2200 73 B R AR

R 6 RN ZC AN RIS R I 32 2 o020 A

Table 6 The content comparison between crude selenium distillation slag and HNO, leaching residue

JLE Cu/% Pb/% Se/% Ag/% Aw/(g-t™") P/ (g-t7") Pd/(g-t7")
HELAT R G 7 13.34 10.8 20. 13 3.24 1366.6 486.6 633.3
MBI i 4.32 4.34 2.20 14. 96 6105. 1 2204.3 3002. 1

Kl 5 25 A L SR BE AT S RV Y Ag®
W, IMAVTIEE W P AR FS T FE & 2 5 &1k
B, AT LUK R U N 259.5 mg - LT RRAR 2
0.449 mg-L~", ISR E K 99. 8%

350 ;
ALFRET | ALERAE
300+ |
259.5
~ 2501
2
o 200
”ﬁ“ 150+
= 100

50+

0.449
0 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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() XRD ATt B anE 6 firs, ME 6 nLIE i, H
FEZE R W2 S o A Al s T R RS PR s P
FPLREF=YI 1 Cu(OH), Cu, PbO, .Pb,0, 4., H A0l
Ja R R A b R AR 2ERY NaNo, .

3 LRV

KT URAT A EY LA AR ER A
2 R R P S 1) A A L, R s R AT TP
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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 %
TFF DR Cu Ph Se Te Au Ag Pt Pd
PN 97.58 80. 51 64.78 9.6 107. 52 104. 98 96. 47 105.26
—BUAAL R - Bl AW 0. 06 17. 81 40.15 94. 48 1.21 0. 06 0.59 0.53
R B -2.36 -1.67 4.93 4.08 8. 87 5. 04 ~2.94 5.79
PN E S 97.90 78.59 31.75 65. 00 104. 06 104. 32 95.12 106.5
ZBA AR - iR UNE S 0.17 31.55 77.01 35.83 0 0.04 0. 61 0
AR -1.93 10. 14 8.77 0.83 4.06 4.36 -4.27 6.5
NS 8.37 15. 68 72.95 65.38 97.61 104. 41 98.72 103.76
THIRE AR 86.71 90. 69 28.8 35.9 0.22 3.56 1.28 0
RS RS -4.92 6.37 1.75 1.28 -2.17 7.97 0 3.76

B R TP R RAR AR R R A I R 1.23% F
50. 1% ; FRhs IR 2 3 Hh 4 4 VBRI 1 38 03 ) Ry
95.21% 56.35% Al 4. 42% , BBy Btk AR BR IR H
Wb 4. 42% M9AR, MICR AT I8 99. 8% , 43 3 4>
Ty e Al il 5B B R R A A B 92, 72% |
95.84% 95.43% 1 99. 57% — Bt F1 — Bt %A Ak &%
e IR AR T 2 2t A AL B S RT R I
P AR BAT (000G s (R0 A 7 T R R R i
Ot AeE e A A, TR S Sk T
TTee A s 4w . DU AT B E2 ) 58T 0 1

AT IR, B R R YRR D R RS AT
e

4 Mzi b

PIAEFE 100 o HELAG Z e Sy Jofe | KL 28 il i o
AT LA T A 5 4 R BV (E R 11 718 TG, gk 8
FE7R s Pl AR B AR B Ry 318 T30, Pk Ak A 7=
BATHATIE R 269. 65 J1 o6, W4 9 fin, I,
ABFHE 100 ¢ RH G 25 8 7 1 7 ol A T3 28 5 A 4 =
11718 - (318 +269. 65) =11 130. 35 71T,
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Table 8 The overall value of rare and precious metal

in 100 t crude selenium steamed selenium slag

i ot 42 IR SERBNE, SEEENCE, BG4
P ESYiN: it % WAl Ji oG
£ 5423 99 5369
i 1733 98 1698
e 999 96 959
A 3231.6 96 3102
iy 272 90 245
i 383 90 345
S E 12024. 8 — 11718

R 100 t AR VAT A S 2 51T
JEA TS
Table 9 The investment cost budget and production
operation cost budget of industrialization for 100 t
crude selenium steamed selenium slag treatment
Vet BATRA T
— e KRR Wil TR
FURTEE A 5 G 5 (R
WASFE/ T 318 7202 18.25 712 108

AET 318

269. 65

AHITFEAR A 9 B AR AR e — T BT — T TR
7 T A iR R P B A B H
A AR TR AT LR IR A AR b BRAT il e £ BT
B, SR 5E e He . DURR S W03 G v R0 T 0 245
JE TS B AL, B TR AN 2 B AR SR B
K

5 458

AT R F W B AR e — o BRI i 1R
e R T TN e s e 1

1) —BUEAL R e R T R be iy H )
S S IR 1) WP SO e PR M e A, DA S IR 7 2
R, BTN P 350 °C WK [ LA
8:1,NaOH ¥R J¥ 20 ¢/L, 12 & 80 °C , i3 Hi i [H]
60 min, LA RN 58. 3% , fili ARG )12 1 23
435 H 94. 48% F1 40. 15% |,

2) “BUEARR e R W TR R e H )
SRR R PR SCBR AN, ek T AR S
BRI 500 °C W [F A 8: 1, NaOH ¥ ¥ 20 o/, 12

HREE 80 °C , 1 HYITE] 120 min, MEEFET B H N
53.3% Bl FAR Y 325352 1. 23% F150. 12%

3) Fi A IR =t %) A A B 2 v b i A A4
He T 245 BT HE 10: 1, TSR YE I 80 o/LL, 12 1
RE 80 °C, = HIHE] 120 min, MM TR, R K
19.7% , i, By, AR 1= R 50k 95.21% |
56.35% F1 4.42% . M By Br ik A S TR R WP
4.42% HAR R IINA Ag ™ BRE i 2 A5 &1k Bt
ATULVE I, R AT 35 99. 8%

4)gead 3 AR T, B0 A I B 2 08 3
92. 72% , fiti i5 %) 95. 84% , Hil 5 F] 95.43% , 4t ik 3|
99.57% ,i% 1.2 M MLl ZE Al i b i 52 & e 5 R 4
BRI T — SRV AT R 2

5) AHIFGE 1207 A I B 2 VRAE R AT
PIH AL IA R TP, & &% 7 e s
(A3 s AT i AR 3 Bt 4 s I T, DUAR )5 W iE
I O RIUTIE S A JE RTS8 IR AL, DR i AT R SR
B TR, A T2 A =0 R AT,
I LAk 85 3, S KL 25 A s b (0 s 5 4 Jd 255 5
FHERAE T —Ar i L

[ &% 3R ]

(1] FHEAS, VERE, SHEEEE, . PR UR AL B 4 A R BF S

[J]. "PEER22M (ASBIEM) , 2010, 41(3): 62 -67.

ZHENG Yajie, WANG Bei, SHI Jianyuan, et al. Pretreatment of

copper anode slime for concentrating gold and silver [ J]. Journal

of Central South University ( Science and Technology ), 2010,

41(3): 62 -67.
[2] E/Ng, KT, S TRABE T 2T (1], #7&, 2005,
14(4) . 46 —48.

WANG Xiaolong, ZHANG Xinhong. Discussion on process for

treating copper anode slime [ J]. Mining & Metallurgy, 2005,
14(4) . 46 -48.

(3] #pitse, BRESE, S0, 55 B JE R e BlAh BT 2 A 52
[J]. "PEA €4, 2013, 42(4) : 66 —69.
YANG Hongying, CHEN Guobao, Lv Yang, et al. Study on pre-
treatment of copper anode slime for impurity removal[ J]. China
Nonferrous Metallurgy, 2013, 42(4) ; 66 —69.

(4] THMHE. TOUBLH B 8 ] o 2 28 A = SR [T ). Al TR
2000 (1): 35-37.
YIN Xianghua. To pave steel- fiber concrete road during repairing
haul tunnel at dexing copper mine [ J]. Copper Engineering, 2000
(1):35-37.

(5] GRWHIE, T3, FIEEIG I & A A IR IR U6 i A= 7= 5 B
[J]. "PEA R4, 2007, 36(3) : 59 -62.
ZHANG Boya, WANG Jikun. Production practice of copper anode

slime treatment by dressing-metallurgy combination method [ J].



2022 412 55 6 1Y) FLEERAE . LA A0 A A O 2 R 2 mIBGR B FFE -39 -

China Nonferrous Metallurgy, 2007, 36(3) : 59 —62. ZHANG Fuyuan, ZHANG JInchi, ZHANG Guangan, et al. Com-
(6] #5, WRESHE. MM IRGIHA RN S S REL)]. B prehensive recovery of rare and precious metals from copper-rich
BER TR 24k (BT AR , 2002, 27(1) : 31 -33. solution of copper anode slime[ J]. Chemical Industry and Engi-
YANG Yong, CHEN Hequn. The usage of the FT -IR microscope neering Progress, 2020, 40(3) . 1681 - 1688.
system in the composites made of waste [ J]. Journal of Kunning (9] #Fthgk, 22224, F/000e, & MBS B2 BURE 10 T. 2058
University of Science and Technology, 2002, 27(1): 31 -33. [J]. WA4JE, 2011, 35(1); 124 —129.
(7] S3CHE, XL, A ASHE 45 4 B 8 28 6 i 4040 14387 L 2 F FU Shiji, LI Zongxin, WANG Shaolong, et al. Extracting telluri-
X1 A EaHEERT) , 2016(12) ;14 - 16. um from alkaline residue [ J]. Chinese Journal of Rare Metals,
WU Wenhua, LIU Jibo, TANG Jiexiong, et al. Study on new 2011, 35(1): 124 -129.
technology to leach copper from selenium-removed residues of cop- [10]  ShEy, hE, &AL AT i fl A R A i e pr e (1], W
per anode slime [ J]. Nonferrous Metals ( Extractive Metallurgy) , R4, 2019,38(4) :311 -314.
2016(12) .14 - 16. MA Yun, FENG Hui. Preparation of PbSO, using PbCl, slag
[8] sktmiT, k&, sS4, &5, 4 PR SR 45 DO 52 containing AgCI[J]. Hydrometallurgy of China, 2019,38(4):
&Jm[)]. (TR, 2020, 40(3) : 1681 - 1688. 311 -314.

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. , Ltd. , 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



