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Tab.1 Composition of major elements in copper

leaching solution mg/L
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Fig.1 Process flow of comprehensive recovery of copper, selenium and tellurium from copper leachate
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Tab.2 Solubility of copper sulphate at different

temperatures

HE/C 0 10 20 30 40 60 80

W/ 23.1 27.5 32 37.8 44.6 67.8 83.8
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Tab.3 Main components in the filtrate mg/L
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Fig.2 Effect of reduction temperature on direct

yield of selenium in filtrate I
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Fig.3 Effect of sodium sulphite addition multiplicity

on direct yield of selenium in filtrate I

1 ] 3 W], B AR R AN I AR B 3G,
BRI T R R 24 B R B i A% B h
2.5 B A R IR B T 97, 45% , 2B K GF 1 i
[ S s 70 S B BR AR I AR ECR 1. 0 A5, 46 () L
WCRAL N 50. 81% , FEIETR T A AE KB A B T, 1
R AN A TE B8 T, 2B 1 3 o0 — A Ak i AR
BEHAREL, A S 55 RN, 7 15 B0 ) R
I Y BR BRI AR BOR T 2. 5 F5 I Al %) E %
FEURREAR , o T Bl S BRRREA i I A ST i S A
FEUEV A AR FRAR B T3 2 i SR RN IR %, B
BV AT, DT 15 AT ) LSRRG, IR,
BB IR I ARTECH 2.5 fi5 .

FEFT I 0 B 2 50 o B b, FE Bk EOE N
150 r/min A JFIREE 80 °C 37 HiBR 4N A i A 80K

37



Bk 2025 4555 6

2.5 M EE R JER R VAT A] 2 1.5 h 5, SO 3
ASE I, BRI AR I 5 S 0 P[] XoF A 1) AT 3% 1Y)
AN
2.3 WHRERENEIEIR B Te
2.3. 1 WJEIREEXT Te ELUCRAYFEM

TEE R IR B P Te BLBCR I EHBER &K,
BUA JEAG 5 08 1 2 L, 7P $3 B0 150 v/ min  E:
PR IAAEECH 1.0 £ SUARFREN ARG ECR 2.0 £
WIS 2 h A PE T, 2548 T 30 JFURE X Te EUK
R RZM 25 R E 4 Fis

S0+
80+
g H0r
8 5ol
= ol
i
30F
20+
10+

%0 50

70 80 90

60
REIC
4 FFRIBEX Te B XA

Fig.4 Effect of reduction temperature on

direct yield of tellurium
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Fig.5 Effect of hydrochloric acid addition times on

tellurium direct yields
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Fig.6 Effect of NaCl addition times on

tellurium direct yields

Bl %

H & 6 A1 NaCl I AASZLN 0.5 ¥ hn = 2.5
B, Te 9 ELUCE N 21.36% 2T+ 5 92.54% , 32 1
NaCl 1 7] DLHEAT Te 1976 1k, Hrp 3 22 4E H 0 02
Cl~ ;NaCl fin A5 £ 4k S2 34 i, Te (9 ELSCR LA
A5, XFECE 5, NaCl A i35 5] 2.5 f5ET, Te (9 EL
WCRIB BRI 1.0 f5A0RUR , A NaCl )5,
SR Na* BHAG Te 5 C1- $Efil R S0, F4k
4k TeCl, I ALRAL, BHBLEERE NaCl I AREECH
2.5 %, BHEIFLLE KT Nat Wk R R A, 45 18
Ko EE I S IR, T R, Tolk | —
A Tl £, S S0 A= Ok B T R A T



SRR . DA B RRE P35 58 7 20 [ WAL Al e F) T 2

REFE Te (495050 T B, SE MR AR )™, IR e 5 2h

MR AT AR AT Te RUFEALIEAL

2.3.4 EBFRREMINARRECS Te BRI
FERCPEH N 150 o/ min ERFRIMARTECR 1.0

B GBI  90 °C AR TE] 2 h B S5 F T, 4

SEBRIR B INAAG KO0 Te EWCRAIRZE , 25 R AN & 7

PR

100
90+
80+
701

HIlE%

Lo 15 20 25 3.0 35
RIRTHGuNIPN

E7 IRREHMNEHRT Te BRI
Fig.7 Effect of sodium sulphite addition multiplicity

on direct yield of tellurium
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Stepwise recovery of copper, selenium and tellurium from

copper anode sludge leach solution

ZHANG Xiaohui, LV Jun”
(Shanxi Northern Copper Industry Co. , Ltd. , Yuncheng 043700, China)

Abstract; To efficiently recover selenium (Se) and tellurium (Te) from the copper leaching solution

generated by sulfation roasting of copper anode slime, this study aimed to shorten the Te extraction

process, enhance Te recovery efficiency, and achieve one-step separation of Se and Te from the slime. A

combined process integrating concentration enrichment, sodium sulfite reduction, and hydrochloric acid-

catalyzed Te reduction was proposed for Se and Te recovery from the target leaching solution.

Experimental results indicated that when the copper leaching solution was concentrated by 3 times, the

direct recovery rate of copper reached 67. 5% . For Se recovery, a high direct recovery rate of 97. 45%

was achieved under the optimal conditions: stirring speed of 150 t/min, reduction temperature of 80 °C ,

sodium sulfite addition multiple of 2. 5, and reduction time of 2 h. Regarding Te recovery, the optimal

parameters were determined as stirring speed of 150 r/min, reduction temperature of 90 “C , hydrochloric

acid addition multiple of 1. 0, sodium sulfite addition multiple of 3, and reduction time of 2 h, resulting

in a direct recovery rate of 92. 62% . In the scale-up experiment, the direct recovery rates of Se and Te

were further improved to 98.86% and 93.72% , respectively. By leveraging the stepwise reduction

strategy, this process enabled efficient and selective recovery of Se and Te from the copper leaching

solution, providing technical support for the resource utilization of copper anode slime with remarkable

economic and environmental benefits. Moreover, it offered an innovative approach for the one-step

recovery of Se and Te from copper anode slime.

Keywords: copper anode sludge; selenium; tellurium; sodium sulphite; reduction; noble metal;

recovery ; resourceful utilization
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