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Table 1 Main components of tellurium-containing materials produced by

representative copper and lead smelters Y0
BRI 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 X4 14.3 1.2 7.4 — 40.0 1.4 — 0.3 — —
PG 25.9 0.6 4.6 0.1 27.8 1.0 — 0.1 — 1.6
Botaa 15.2 1.1 2.0 0.4 3.2 0.2 3.6 0.2 — 250

T« TTRIPALY g/t
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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 Yo
ey p s Te Se Cu Pb As Na S
TEALEE  34.63 0.40 42.96 0.05 0.60 0.22 2.07

SRS EE 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



2023 4710 A5 5 ) sKARIES . Ao - T b Sk e A 6 [ WA TS A BRI R A v ) - 87 -

BEAE T A B PR R TR R A B2 BEORE Tl T 3R AR
LR X5 XRD 445 A A

NS e el ot <3 ) e i s O
(Na,S ¥ 60% ) , oK WAL RN A Tk 2% ( Na, SO,
T 96% ), KA TAg% (H,C,0,-H,0 %
1#99.6% ),
2.2 AwidiE

1) B B, 4y i B 3R T4k 35 9 43 4R
KR TR AL A 4% 1 kg B T Redrep  InA—E it
i R UK AL (Na,S-9H,0) , JITA 10 L 7K
TR A O 2 100 10 s i FE S 50 B T K%
ey o IR e S IO — BN [ 5 43 B3R A RN A
D 32 R R AR ARy, e T IR B ik 7

2) A, ) b AR A R R AR A B 43
B PO s RV AL A T R R R (29 10 L, i AR
PRBRIE A 1) o A — a2 3 8 22 5000 JE /KO i R
BB T KU B B S — BT 5 R B S 4

T A4 v

pedihiy
(R 1BV 1)

|
mbkvk [

Bz
(HEABEK ) 7
] B
BRIk HLs
(G I H )

(a) Bl b5 s

J& , R FH B2 il 8 23 B MR A A JEUS R, 0 5 3 i
Je B BT o

3) Wik VR, B — Y R IR I AR T K R T
A3 IINAE ] 38 5 FT 45 ARG B3 (24 300 g) , BT
AU TP R — E i) BERR VR e AU, FE A
THACGREFE YR 1 h 8 K58 S | oL i85 2R
HE 5 I e LAt fE

4) BWACER 43 51HL 100 mL | % ) 18 55
FRAS B ) 43 B P ORS ok 78S RO AL 4 7 )38 D5 B T
bR, ok A% 3l 98 2 08 m A ot A Ak R (30% )
100 mL, & TR Mt 25 IR T FER Y 2 h B
VT 5 f AL T AR AL IS VR B 2R R A AR A B B R
B A s o3 AR ORS B SR AL IS VBT I A A A TR R —
FE B AR RN TE pH (HZE 1.0 ~2.0 JUAN, i385
W G R R 45 0 1S BB ER B b 1A

A BT L0 A 7 0 AR R R T 1) TS R
K4 PR,

SRR

e daibit
(Bt Jm i)

Gl

U
OO, — sk | [k fe—— 1O,
)
stk s | [ A e— 150,
GIEA K )
[ i 03
Pk Wl
GEITE ) i | R
v
B
(b) SMRP R

B4 ShfPORH AR 1Y - 5E ) i B o 1 eI B FE AL BRI T 2 A

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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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

il A i) v OB i
X LI — —
J 2 JERE =i
JiE/ g 500 471 500 224
AuFi/(get™h) 1,27 2.24 56.79 96. 80
Au B/ % 0 23. 64
Ag T/ % 0.035 0.032 2. 64 5.37
Ag B/ % 13. 87 8. 87

3.2 EMEER
] R BRAL T IR P A Na, SO, IR
H1HY Na, TeS, Fil Na, TeS, 7] #8524 % 5, 10 Se 5
HAb £ 73 5% B AE 30 J5US 0 , Tl Te FI Se 1E+%
PRI ES . AR IR B 340 I B B ) B B DL (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)
YR B AR AR A Y I R AT B A8 20 B RS R T R i
PSR = L RCE TR, e Bl A & R A5 A
IR AR R BN, BT K i dm R B FE SOV 3 h, 1
W 400 v/min, KRS RIS 70 C . 15X
W58 A, R FHELZS S8 o0 B L Al by 030 DU 8,
SER TSR AR . J5 2L R R AL B R 1 )
R
RIF S sy W 5, WK S halE i fifi

(R FEAR HE T B AL 55 B 5 32 i (3R 3) & B#
I, T At 2% o 25 7 0 vk B AN 2 AR AL, WAk
R AR R ORGSR 2 PR B TR A TR 43 S R
99. 75% F191. 49% , Al {8 2 0, & B 22 [a] 34
SRR, HAR R

x5 WEURREZEAAE RO
Table 5 Main chemical components of the

reduced solution g/L

bR AR Te Se Na As Sh Cu
e A 0 7 2 D
SRR RS I 2.25 5.44 153.04 0.37 0.04 0.23

0.05 0.08 132.36 0.28 0.06 0.01

3.3 EEMIEE

T ) 348 J 75 AR LR B B 1 5 L e R,
A 100 g HEIR 5 5 LK Fu i it #3557, B 7oK
TR PEDERR 3 h, B FERR S R 400 1/ min, ZKHH
KON 90 °C , BFRVEVRSE UG , R RIR TS
JE S RS, MR AN TS S LK, BT
PP E TR AR 1 h, B A KRG i e
SN, HET 5 W FL Al B 1CP W& % 43 B i
gy e IR R 6, " FEH 2 FhP R4t vk
P2 B Ry 2 B 343K B 99% LA L, 2 i A
I, Al HAE T s 28kl s aliii o . R
TR 7V A B A0 A RN AR ORGSR T 2 R R
b, H A5 40 B 7 T 99% TR 23 31 10. 80 kg Al
11. 98 kg, o i £k 4] 5 Fir 45 8 A 20052 8 99. 05%
(V6 ) AT 99. 349% 99. 24% 99.25% ( HLiMEE) ,
AT ERNORE I T AR R 2 RE N 99. 37 % (IR ) AN
99.22% 99.35% 99. 16% ( L) .

&6 HmRY 2L

Table 6 Main chemical compositions of coarse tellurium powder %
HLB 5y Te Se Cu Na Fe Ca Al Ag

Tl A 0T 7 AL oy 99. 05 0.43 0. 30 0.03 0. 04 0. 09 0.02 0. 01 0.02
SIERRORS R PR Ry 99. 37 0.26 0.19 0.02 0.05 0.07 0.01 0.01 0.01

3.4 EikstiE

R T PRUEBR AR RN R )3 S AR AR
N BB B R A R B e B A R et R A, PR
FE Tl W A /s A R 5 WA T b B, R 5
LA IR RS AN B R, HA A T
I, BT LT, Xl T A s R R R s 1Y

B RS COD( Chemical Oxygen Demand, fb277F
A AT TR, SRINGR T Prs, Rl A
i U HRAY COD ¥rge i Je i T7E R ik
JEta R PR A 5 A R I A By, e A A
A R P T i R e, O T AR TR
WAL B DS RV 1) BRI, 5 2% kAT 4L
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g5 T, 2R R L (14) ~ (15)
Na,S +4H,0, = Na,S0, +4H,0 (14)
Na,S0, +H,0, = Na,S0, + H,0 (15)
IR 43 b A R ) i sk AR A 2 1 o AR PR v
s A T 340 I 5 VR T e AR, 400l SR i 3
HREBIMARRE 1 ~2 5 AR (30%) , &
TR AR I T P | AL SN 2 h, Bl A
FEWR AL W B 78 R4, S BB IR B b A . T
[1] SR AP oRS o R P AR A S YR I AR B R 1A
pHEZE 1.0 ~ 2.0, AP WAL RGN TN , 5 38
J& B A E i A A E A B B B AR PR AN, e
¥R AT 78 R 45, 15 BB FR AN A
x7 HRERIAAERE

Table 7 Oxidation treatment of the reduced solution

WAL RO
53 BT FIEW  ELEER
(W) (W)
WEJEW COD/ (g-1.7") 132 104
30% H, 0, g K it/ (mL-L~") 842 663
Ak con/(g-1.71) 0 0
30% H, 0, PR AR/ (mL-L™") 1 000 1 000
30% H, 0, FI /% 84.2 66. 3

MR 5 HRTE W AR A M I S T
AR 38 3 PR pH AE AT DL H T — 2 ]
W, 7E AR BRI R AR 10 54T, B 20Tt
IR TR A 80. 50% , i Il i £k 2 il o an & 8 it
7, Al ELICR 50. 84%

F8 RN E BN
Table 8 Main components of reduced selenium

%

s

= Se Te Sh Cu As Na

Jt
e 82.63 17.30  0.07 0.13 0. 04 0.03

ETG AL s B2V ) A8 A VR RD S R RS s
WU S IR A G 5 — b3, B A - 45 ™
YIE XRD 3% K an & 7 frs, fe2# o W3 9, XRD
Tk ] YA R R A AR B AT S R ER AN 4 R T )
ZHFE IR 95. 59% ; e 2B A )RS W 1R I Na, SO,
476 g, MR (LIANTT) ATk 100%

3.5 &REyHEHE
T A B 78 — [ S ity 4 25 I A s £ i s 0 3

R LG IREN ) EE
Table 9 Main components of crystalline

sodium sulfate %

s Na,SO0,  Te As K Bi Al Cu Li

HHE 9559 3.25 0.14 0.85 0.05 0.07 0.04 0.01
A
| |
INaZSO4
M | ]
i
| |
n
N
(] [ |
| ]
I . LJ T omfnom w
| | | I |
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20(°)

B 7 &SRS R XRD 5 A
Fig.7 XRD spectrum of liquid evaporation

crystallization product after reduction

ERAP RS SR TR R R T R ISR 10 R R AT
F 0T AR i JRURE RS Oh 34, 63% , H
2 AR 97.00% , 38 JFR AT 3K 99. 75% , S H IR
FA[IE 96. 76% ; XF T AR s e i, IOk} b 15 &
H 28.16% , i H R Al 35 99.75% , it J& K A 3k
91.49% , B EWCRA A 91. 26% , 7] W% itk 5%
- ]38 JER AR B 2 B RE I RICR B R [l
R R 1 T RIS S5 4 AR AR, 7= W KL A 3 )
ZiFETT A 99% LA I B —FhEal A sk iR R T2

R10  YPREA TR (B0
Table 10 Material balance calculation ( per ton

of raw materials)

S8 WEALAE MRS
TR R kg 346. 3 281.6
TAbBRAEH1(60% ) /t 14.0 5.2
K/ m? 10 10
2/ m? 17.0 10. 6
AN T kg 335.9 280. 9
2R/ % 97. 00 99. 75
BRI FH 2/ 5.1 4.2
W/ m? 17.0 10. 6
R JE R kg 0.85 23.83
W JFR/ % 99.75 91. 49
HWCR/ % 96. 76 91.26
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1) Sl £ R T R0 AR 0 RS e s SRR HE AT T 43
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3) FEAE ]340 Jtak A8 v, 76 TC /KO R 44 3 e &R
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r91°H 99. 75% F1 91. 49% |

4) SR HIZ T2 Ak PR A A s 3R oK
7 R IOLEV BSR40 R 96. 76% #1191, 26% , F
WAy AR IR 3 999% L) | v B TRt B as 7%
A =il Ty

5) X REWHAT T A B 5 AL 3 i L 4 s 0 43R
WK M 1 38 RS WP COD 43 5 R 132 g/L il
104 o/ L SR 0o Mk 8 34 T3 Y HP I e 28 S84k | h
F AR5 AR AT 1k 80. 50% |, & W By Al I 78
AL H8 RT A 2R A IR, A9 B B R B A A

25 Lk B Ak R — o ) 3 SR 3 eI
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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



