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ABSTRACT China has maintained the world’s highest zinc production for many years, which has generated a tremendous amount of
zinc slag, and 60% of which has not been effectively treated. Most of this slag is zinc leaching residue produced by the
hydrometallurgical processing of zinc. The accumulation and storage of zinc leaching residue requires large tracts of land and harmful
elements like arsenic and cadmium in the residue contaminate the surrounding soil and groundwater. From another perspective, zinc
leaching residue represents a solid waste resource with a very high comprehensive utilization value. For example, many valuable metals
are present in zinc leaching residue, including zinc, lead, and silver, which have high recovery values. In addition, zinc leaching residue
can be fully utilized to produce cement, glass, ceramics, and a range of chemical materials. The comprehensive recovery and total
material utilization of zinc leaching residue would help to significantly reduce the burden of its storage. This paper summarized research
progress on the recovery of valuable metals from and the total material utilization of zinc leaching residue. Two main methods were used

to recover valuable metals from this residue: pyrometallurgical and hydrometallurgical processes. Based on a detailed comparative
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analysis of the advantages, disadvantages, and feasibility of various typical recovery processes, this paper proposed a combined method

of bioleaching and chloride leaching for the efficient extraction of zinc, lead, and silver from zinc leaching residue. This combined

method has good applicability to different types of zinc leaching residue and good prospects for industrial application. In addition, this

paper introduced the progress achieved in the total material utilization of zinc leaching residue and the future development prospects for

utilization technologies. The total material utilization of zinc leach residue should be developed to product high-performance,

sophisticated, environment-friendly and energy-efficient materials. Greater economic benefit can be gained while realizing clean

production in the zinc industry.

KEY WORDS zinc leaching residue; recovery; bioleaching; solid waste treatment; resource utilization
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Table 1 Compositions and contents of valuable metals in zinc leaching residues of Chinese zinc plants

Mass fraction of Mass fraction of Ag/

Mass fraction of

Mass fraction of Mass fraction of

Factory address 7n /% Pb/ % (@t Fe/% Cul% Mn /% References
Hunan 35.99 1.73 15.93 0.52 0.74 [6]
Guangdong 19.88 3.77 550 24.72 [7]
Yunnan 24.75 0.099 97.2 25.68 1.12 0.13 [8]
Western Hunan 3.941 6.401 7.757 0.416 [9]
Shandong 7.85 5.20 350 9.51 [10]
S?;?;;Z:e 16.52 4.62 200.29 19.24 0.35 [11]
Inner Mongolia 3.34 6.81 600 17.04 0.18 [12]
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Table 2 Analyses of the lead and silver leached from zinc residue by chloride leaching

Leaching
Contents of Pb and Ag cate/%
Material types Chloride systems Technological conditions References
Mass fraction Contents of Ag/ Pb A
of Pb/ % (gt™) i
NaCl300 g-L™!, CaCl, 50 gL', L/S
Zinc leaching residue NaCl+CaCl,+HCI 8 : 1, leaching temperature 85 °C, 10.51 644 94.43 91.48 [43]
leaching time 2.5 h
. . . NaCl 350 g:L ™', L/S 15 : 1, leaching
Zinc leaching residue NaCl+HC1 temperature 95 °C, leaching time 2 h 12.26 651 96.6  82.1 [44]
. . . NaCl300 g-L ', L/S 5 : 1, leaching
Zinc leaching residue NaCl+H,SO, temperature 90 °C, leaching time 3 h 4.44 187.9 91 97 [45]
NaCl 300 g-'L!, CaCl, 25 gL', L/S
Zinc leaching residue CaCl,+NaCl+HCl 20 : 3, leaching temperature 80 °C, 31.33 219.69 95.01 95.05 [46]
leaching time 2 h
Silver flotati NaCl 300 g'L™!, CaCl, 18 gL', L/S
tlver flotation concentrate NaCl+CaCl,+HCl 4 : 1, leaching temperature 85 C, 1.86 5500 96 97 [47]
of zinc leaching residue A
leaching time 1 h
NaCl 300 gL', L/S 5 : 1, initial acid
Zinc leaching residue NaCl+H,S0, concentration 200 g-L™', leaching 5.41 297 94.88 93.24 [48]

temperature 90 °C, leaching time 2 h

I8 Bk TG G 4 J A 43 DA A v ) i R ROR, 55—
D7 T 75 B R e A0 i AR AR A A5 5 U IR
T 35 B ek 2D 3 5 RE B 19 B 05 £ xR =
A R IR TR ) A RS Y 1) () R N AR
SR A R R R, A =k, B
12 R AT I8 81.23%, 4R 1= H AT AT 3k 93.84%.
WFFE N BT X G i AR il R AT T2 Tl
AL 25 m® 3 30 m* A9 R 56 20 P S T
BRI AOR, HRR R R Z & T 90%.

i AR 2 R Z 40, AR R A A
S B 24 1% 57016 42 P ( Solvometallurgy ) J5 722
S R A [RGB AR, X R A R 4
D7 A AR K A AN HLE R . B TR IR
FE AR R, B TC AL ) 0 S O I A A A
WA, BN A Tl 579 R i 7 3% 4 4 Ak
A M 4 IR AT IR . Palden 25559 43 Bil i A AR
54 [A336][CI] Fl [C101][CI] Y 25 T AK, 76 52 i
TR 45 °C, WE R 15, BEFEE E 1500 r-min!
) 25 F T X EER s D i B A TEAT TR, Y
B3R R0 R 62% FI T3%, BRI H 43 i
27% 1 31%. Rodriguez %5 {i Fi F 6t 2 X flk ik AL
AL B BRI T SEAT TR AT AR 1 SE 5,
B FIER B R R 3T 80%.

TR RS L i v AR RN Y T2
WA EEAR, 255 ) %] Tk v i, (H 8 2 1 78 75 ]
WA SR A AR A ), O LV 36 75 3 A RS 7 8 5 L E
— LI RO, AH LA B R R
SEBRAE T B IR R A T RNIG A Tk o A B

AL TR L, (R H AT A T SR = Y
BBz, AR RS 12 R B e B L AR
ARER G, RN A RKEEE. H
U, AT AR AT SR b A 28 5 S B Tl A iy
FH 9 EEIR s v s R ) 25 [ SO VAR 04 7 1.
223 YR H I

A i 2 15 Bl A AR A b R S B A 4R 1
TGS A = Y A AL R E R, i1 &R e
Yy o, WA h &g b, 2
FAb P& R Ak M E AP H AT AR iR
AR E 2 T AR & O 6% A0 8 0 A A= 7= B8, 3T 4
Sk i ok b 22 e P Ll 4 T 1 g AR 1 A i G
SRR YRR AL A S . 3R 3 S SCHRIRE Y
T W35 AR A B 5 ) G B 9 4%

M3 3 0T LA, A i BoR AR s
WK, I iR & m A 2Ry s —, (HRMEY
12 N 2 7E 55 R 1 A F R R AT, BN I L B TR
L, R H AR 2R 1R H T R D A A2, A Bk ik
& ARBEFEEAL, X IABE8E A5 Y/, HoA gk
IR T2 AL G UEDE T
FoAR A ISR R i v A A 4 R T 1) S
%, 0 R X T I B A AR B R
BRI, R ETST RE AR UEER  . 2ET
ZEE1OA) 3 0 e D AR 98 T R AP IV AR B T B N IR
AT T 100 g HUBL A HEIR S0, I BER i 5 B
H6.79%, fit FAR I8 P A9 B R 3R R 24.12%, {H
AACERBRAT T I BRI R 33.86%. 1255 45 i ]
iR A 3R B OGRS T MR IR B — e



TARMAE: PR A 0 B Db 4 B A A TR 5 2t i - 1405 -
R3 UEBRIL SRR SR
Table 3 Analyses of the bioleaching of zinc-containing materials
Zinc-containing materials Bacteria species Technological conditions Zinc leaching rate / %  References
Thiobacillus thiooxidans, ~ Leaching temperature 33 °C, pH 1.9, pulp
Waste Zn—Mn battery Leptospirillum ferriphilum density 5%, leaching time 13 days 85.1 [59]
. Ifi i hi illus f . Leaching temperature 30 °C, pH 2.0, pulp
Lead and zinc sulfide ore tailings Thiobacillus ferrooxidans density 5%, leaching time 50 days 97.85 [60]
. . . . . N Leaching temperature 30 °C, pH 3.3, pulp
Zinc leaching residue Thiobacillus thiooxidans density 2%, leaching time 45 days 79 [61]
Zinc-containing copper ore Thiobacillus thiooxidans,  Leaching temperature 30 °C, pH 1.5, pulp 74.35 [62]
& copp Leptospirillum ferriphilum density 10%, leaching time 6 days :
i i iooxi Leaching t ture 30 °C, pH 1.0, pul
Waste brake pad Thiobacillus thiooxidans, eaching temperature p pulp 7 [63]

Thiobacillus ferrooxidans

density 4%, leaching time 9 days
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