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Table 1 Main components of tellurium-containing materials produced by
representative copper and lead smelters %

SRR Te Sh Cu Se Bi Pb Fe As Au* Ag*
=D 11.1 4.3 0.3 19.6 0.4 1.0 0.8 0.4 72 80
E N2 14.3 1.2 7.4 — 40.0 1.4 — 0.3 — —
BT 25.9 0.6 4.6 0.1 27.8 1.0 — 0.1 — 1.6
BotaHs 15.2 1.1 2.0 0.4 3.2 0.2 3.6 0.2 — 250
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Fig.1 Flow chart of copper anode slime

treatment by Yunnan Copper Smelter
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Table 2 The main chemical compositions of

tellurium-containing materials %
ExGitvipt Te Se Cu Pb As Na S
eiL4E 34.63 0.40 42.96 0.05 0.60 0.22 2.07

SrERYORE kA 28.16 8.88 14.10 2.88 0.50 10.63 1.18
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Fig.2 XRD spectrum of tellurium-containing materials
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Fig.3 SEM and EDS images of tellurium-containing materials
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Fig.4 Process flow chart of separation and recovery of tellurium and waste liquid treatment

by “sulfide leaching-selective reduction” process
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Table 3 Main chemical components of leachate
g/L
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i A e 452
ATARPORE R IR IR 26. 51 5.29 149.59 0.67 0.07 0.19
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Fig.5 XRD spectrum of leached residue
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Fig.6 SEM and EDS images of residue
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Table 4 Comparison of gold and silver content

before and after leaching

T A i YRR it
Xt A — —
R RmE R R
ikt g 500 471 500 224
Au gt/ (get™!) 127 2.24 56.79  96.80
Au 2 15/ % 0 23. 64
Ag Fht/ % 0.035  0.032 2.64 5.37
Ag BHR/ % 13.87 8.87

3.2 EmER
] IR GRAG B 1R P A Na, SO, ,
H1 ) Na, TeS, Fil Na, TeS, 7] %% i J5 R4y, i Se 5
HAthZH 73 5% B8 AR 30 J5US 0 , AT Te i1 Se 1E 4%
PEIFES o PR R B I J5 5 IO 1Y R DL 2 (12) ~
(13)1"7,
Na,TeS; +2Na,SO,=—2Na,S,0; + Na,S + Te
(12)
Na,TeS, +3Na,SO,=—3Na,S,0; + Na,S + Te
(13)
BB F A A B B 5 AR A B 190 S L A e Tl
PR 3= L RCE TR, o i IS B R RS A
AITCKEARBR SN , T A IE B b Bt SO 3 h,
ANy 400 v/ min, KR E N 70 Co ff
I 5E A, 2R LS Sl o3 B R R A S T, T
ERIFE WA o J5 22 AR AL B, LR A 17 f5
E5aY R 8
WIFIE A I W2 5o RS Hhal & i, i

R A EE T B A 5 7R S (R TR (3R 3) i 3
5 A2 BT B8 I ok B B AR R AR Ak, kAL
Bl R A3 AR ORS R 2 R R B R 4
99.75% F191. 49% , il ()3 I %k O, 22 B 2 1) i8
JR S B AT, FLIE R o

x5 WEERFEESY

Table 5 Main chemical components of the

reduced solution g/L
R Te Se Na As Sh Cu
Wi bR G 0.05 0.08 132.36 0.28 0.06 0.01

SRR RIS IR RS 2.25  5.44 153.04 0.37 0.04 0.23

3.3 WM%E

IBUE ) 30 SR T A ORLA B BT 5 LR, m
A 100 g FEFR 5 5 LK S it pE 4 5) , B Tk
BT REFEDEA 3 b, BP0 400 o/ min, 7K HA
JNERBE R 90 °C o FEFRPEV TG , TR AR TS
Ja 8 I WK, R b e 5 LK, BT
PR E A VRS 1 h, B KUESE UGS , i TR
ST, BT 5 W0 e FLAl . ICP el a2 35 40 A7 s By
S MR 6, WA 2 R RN kv
B AL A 4 B 23k B 99% LA b, 2% A
%, T E BT s 28 Mk hl & m sl . R L
TR 5 1A PR A0 T R R RS R 2 R R
B, i 45 45 B 5 T 99% BT A 43 1) 10. 80 kg Al
11. 98 kg, H A i A 4 725 By 75 5% 3 26 55 R 99. 05%
(PR FEVE ) F1 99.34% .99. 24% 99.25% ( HN ) ,
ST BRSBTS T AR R Ry £ 99. 37 % (I &%) Al
99.22% 99.35% 99. 16% ( HME) .
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Table 6 Main chemical compositions of coarse tellurium powder %
LR Te Se Cu Na Fe Ca Al Ag
Tt AL 1 7 ML A 99. 05 0.43 0.30 0.03 0.04 0.09 0.02 0.01 0.02
SRR LR 99. 37 0.26 0.19 0.02 0.05 0.07 0.01 0.01 0.01
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N T PRAUEBRAL e BRI E 18] 38 S AR IR, T
N\ BRI B AR I L TR 4 75 2 R 10 o i AR R, PR
TE M ol B IR AT AL B 3R S
A SRS B R B A, LA R A
AR T X IS 0 i A Bl T8 R0 R AR i 114

B JFE WY COD( Chemical Oxygen Demand, {42775
D) BT TR, SRR T s, NPl
R IF SR COD $%50 , 3% 02 i TR 1 Flik
B U R N R TR ) [TDNG T So= T S A R
b FE R P T R R ECE R . b T B T R
WAL TR, [ R W P i AR A, 0 HEE AT A AL
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Zhm S Tl , F2 A L (14) ~ (15)
Na,S +4H,0, = Na,S0, +4H,0 (14)
Na,S0, + H,0, = Na,S0, + H,0 (15)
B3 bR 1) 3 T 3 R4S 3 i 43 AR P RS s
s A e 1 S R TR AR R, 430 SR R i B
ROAEIMAART R 1 ~2 5 A E (30% ) , &
TABS TR R IR T P A b s 2 he B fb 4 i
R ) B IG  EL R R A AR B R R A R . T
[r] B A T YR ) A8 A i T P I A TR B PR 9 1
pH{EZ 1.0 ~2. 0, F i A D5 WA BN TTAR , 3 U8
JE M A A S AR B 0 AR R BN, B S
WA T 28 R 45 i, A3 BB R AN SR A

RT EEERAEAL BT

Table 7 Oxidation treatment of the reduced solution

WALIE SRR
ST FIEw RS
(W) ()
FEEH COD/ (g-L™") 132 104
30% H, 0, #ig F5 sk it/ (mL-L™") 842 663
AALJEW COD/ (g L7h) 0 0
30% H, 0, 3B At/ (mL-L~") 1000 1000
30% H, 0, F| F %/ % 84.2 66.3

IFHE 5 HATE 4B ORE M A RIS TR
AR 38 A 8 Y pH AR AT A AT gk — 2 [E]
W, ZE AR R AN 1t RECH 10 A5 550, B 4l
fRI38 JE 2R A 80. 50% , i JEUAT Y Ak 2 B 43 3 8 T
7, WS B 50. 84%

x8 AN FE R
Table 8 Main components of reduced selenium

%

JLE Se Te Sbh Cu As Na

T 82.63 17.30 0.07 0.13 0.04 0.03

VAR Ve 2 VR S YRR Aol o i 2
WU S RIR 5 5 98— A0, WAL - 45 dh ™
Pyit) XRD 3% P40 & 7 B, A% 43 IR 9, XRD
TP TR R AR Y i A (AT S, B R A AT )
AFERT IR 95. 59% ;5 fe 245 FHA I 5 T ETIC Na, SO,
476 g, IR (LAATE) B3 100% .

3.5 &RBYRHEHE
it A2 28— 7 1] 38 D 4 25 Tl ATl £ e A

R HRMERIRINA R
Table 9 Main components of crystalline

sodium sulfate %

4y Na,SO,  Te As K Bi Al Cu Li

Ha 95.59 3.25 0.14 0.8 0.05 0.07 0.04 0.01

A
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Fig.7 XRD spectrum of liquid evaporation

crystallization product after reduction

B ORS R P AR T ISR 10 SR rRa)
AT AR ORI T S Bl 34.63% , H
R FA]IR 97.00% , ik JEFE AT 3K 99. 75% , S H I
FRA[IK 96. 76 % 5 Xf T o3 SR oG MR it , JsURE il o5
N 28.16% , 3= H R 0] 3K 99.75% , ik JR R 1] 1K
91.49% , D EWCR AT I 91. 26% . ] LR F At Ak %
T FE [0 S IEAL BE 2 TPyt p) SR B, s 14 (o]
W R, 35 R R TR0 P BUAS AT, 7 ALl o 1)
4R 99% L b S —Fhim AL A TR I T 2
F 10 YpRrAr o (o)
Table 10 Material balance calculation ( per ton

of raw materials)

24 WRALHE  MRORIRE
JEURH T kg 346.3 281.6
Tl fesh (60% )/t 14.0 5.2
7K/m? 10 10
B/ m® 17.0 10.6
B R ke 335.9 280.9
B 2% 97. 00 99.75
VAR 1 T 5.1 4.2
SRR/ m? 17.0 10.6
G R P kg 0.85 23.83
IR %o 99.75 91. 49
HIHE % 96.76 91.26
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Tellurium recovery from copper telluride slag and refining slag
by sulfide leaching-selective reduction process
ZHANG Jirun', KONG Desong', YOU Jun', ZHANG Shangfa', DONG Jingcheng', YUAN Jie',
LIU Zuowei’, DONG Bo’, XU Zhipeng”, TIAN Qinghua’
(1. Southwest Copper Branch of Yunnan Copper Co. Lid. , Kunming 650102, China;
2. School of Metallurgy and Environment, Central South University, Changsha 410083, China)

Abstract: In this study, “sulfide leaching-selective reduction” process was proposed for tellurium recovery. The
copper telluride slag and refining slag from the silver separation furnace in the process of anode slime treatment
process was used as the raw materials in this study. In the sulfide leaching process, the sodium sulfide excess
coefficient was 10 and 6 times, the solid to liquid ratio was 10: 1, the rotation speed was 400 r/min, the
temperature was 90 °C and 40 °C , and the time was 3 h. Under these conditions, the tellurium leaching efficiencies
of the two were 97.00% and 99. 75% , respectively. In the directed reduction process, the sodium sulfite excess
coefficient was 5 times, the rotation speed was 400 r/min, the temperature was 70 °C , and the time was 3 h. Under
these conditions, the tellurium reduction ratios of the two were 99.75% and 91.49% , respectively. The total
tellurium recoveries of the two were 96. 76% and 91. 26% , respectively. The purity of coarse tellurium powder was
higher than 99% . The selenium in the waste liquid after selective reduction was further recovered. The excessive
sodium and sulfur in the waste liquid can be recovered by evaporation and crystallization after oxidation. Generally,
the total process performed good adaptability, high recovery, high product purity, low cost and short process flow in
tellurium recovery.

Key words: tellurium recovery; copper anode slime; sulfide leaching; selective reduction; sodium sulfate; solid

waste treatment; copper telluride slag; refining slag from silver separation furnace



