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Table 1 Characteristics of the lead—zinc flotation overflow
water

K 48 bR RO R K BERE ORI ORI K
COD/(mg-L™) 374.33 341.26 324.94
TOC/(mg-L") 30.78 27.07 32.92

SS/(mg-L™) 8530 8520 8 640

pH 11.70 13.01 10.78

NH, —N/(mg-L") 1.17 1.04 2.13
TN/(mg-L") 44.53 40.71 39.57
TP/(mg-L™) 98.92 57.90 16.62
R ((mg L) 650.90 813.61 497.83
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Fig. 1 Experimental device
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Fig. 2 XRD spectra of minerals in overflow water from different
sources
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Fig. 3 Catalyzed ozone for COD removal by minerals from lead
concentrate overflow water
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Fig. 4 Catalyzed ozone for TOC removal by minerals from lead
concentrate overflow water



- 80 - B 5 i 2025 4
120 1 200 mL/min {5 %%} TOC B R 4 42 5 T 0 B ioc K 07
0.40 155, 0.42 5. 0.49 17501 0.62 5 . o o oc

23 BRyEEKFTOREMLELRAERE
P2 E

FERE T U8 T K BT ) 2k R S AN (R I e S A A 3
fif, X COD (1) A& BREARE XS e WL 5. f &l 5wl &/
AL B R B A OB S TR T K, B A 40, 80,
120 #1 200 mL/min B}, %} COD iy 2 B % 4 5 K
12.50% ., 25.99%. 27.98% H1 38.50%. W4 A0 54T
Fa0 % WK, K Yok 2 5 A s 0, B
k140, 80. 120 1 200 mL/min i}, X COD 14 2[4 %43
4R THZE 18.49% . 30.17%. 31.60% £l 53.56%. i i
KR Y ok AL VE R R, 40, 80, 120 £ 200 mL/min
1) 54X COD L BR# 4 5l g m 17 047 5. 0.16 1% .
0.12 fi5 41 0.39 £i% .

60

'S
=)

CODZEFRFE /%

[
=3

40 80 120 200
SR /(mLmin™)

5 BERTO R KA )AL SRR COD B 25 BRAICR:
Fig. 5 Catalyzed ozone for COD removal by minerals from zinc
concentrate overflow water
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Fig. 6 Catalyzed ozone for TOC removal by minerals from zinc
concentrate overflow water
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Fig. 7 Catalyzed ozone for COD removal by minerals from
tailing overflow water
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Fig. 8 Catalyzed ozone for TOC removal by minerals from
tailing overflow water
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Table 2 Comparison of in—situ catalytic ozonation efficiency of
minerals in different overflow water for organic matter removal

Py CODZ: [ 41 1 £ 5k TOCT: B 31 85 15 4%
(mL/min) — gogsg wpp- B BT BT R
40 1.13 0.48 0.60 0.41 0.09 0.34
80 1.12 0.17 0.95 0.42 0.20 0.36
120 0.93 0.13 0.14 0.49 0.19 0.33
200 0.78 0.39 0.96 0.62 0.18 0.55
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Fig. 9 Closed circuit experimental process for reuse of overflow water before and after in—situ catalytic ozone treatment
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Table 3 Results of closed—circuit experimental by using the
treated overflow water

ditn MRS
Pb Zn Pb Zn

Kt Pl

HORH 583 7095 258 9274 298
BT 1042 083 4535 194  93.57

RN N
)==3n 8375 028 021 5.32 3.44
JEAT 10000 446 5.05  100.00 100.00
ORI 590 6993 231 9251 2.69
BT 1065 088 43.69 210  92.14
LE H B b

B4 8345 029 031 539 5.16
AT 10000 446  4.05  100.00 100.00

HHT 632 6331 342 89.71 428
BT 1083 1.01 4069 245 87.26

i U8 SR R A AL i
#8285 042 052 7.83 8.46

AT 10000 446 5.05  100.00 100.00

R 695 5659 381 8818 524

R BEREET 1139 142 3921 362 8533
Y L 7K B R -

EBH 8166 048 058 819  9.42

SR 100 0.46  5.05 100.00  100.00
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Fig. 10 FT-IR spectra of organic matter before and after in—situ

catalytic ozone treatment

*ﬂ Hzo[w—m]o
3 &g

(1) BYEE VT 25 36k T K BT B 1 0 1 J0kE ] A 5 A
b R R il FL R A WL, TE S A R X CcoD Al
TOC ) £ B340 90l 35 51.85% F1 46.30%, 5 1t I 5
B4 b 3R X COD il TOC Y 2 B Bl 4w 1
0.78 1 0.62 1% .,

(2) ) ¥ e K H ™ 4 D A7 A b R AR A B R
BLY) AT A REAR BT K TR 5 . BRSO TP BV RE B, 4R
FEREH S LR DSR4 B S 38 /KR B gk B, 15
FKS 07 Pb 69.93%. [0l WK 92.51%, £EKG B & Zn
43.69%. AR 92.14% 135 B 48 45, 5 A b B % i 7K
ATt 8 Je 5L 40 A 3 T K A E, D3R 43 B4
4.56 43 a5 2.8 B 43 A, B NGRS B4 8.24 H
A3 51 4.88 T 43 .

(3) % i 7K - 2 T 1 3 P AT LA AR b
B = A i S A G -OH, Ak RS A5 ML HR A9 38 3
Bl I o mE A AEAR, ARk CS, /N TR LY G
4kl CO, F1 H,0.

S5 3k

[ 1] ZENG P, WANG C, LI M, et al. Volatilization behavior of lead, zinc and
sulfur from flotation products of low—grade Pb—Zn oxide ore by
carbothermic reduction[J]. Powder Technology, 2024, 433: 119185.

[2] PAN Z, XIONG J, CUI Y, et al. Effect mechanism of carbonaceous
materials on the flotation separation of lead-zinc ore[J]. Separation and
Purification Technology, 2022, 294: 121101.

(3] W&, A%, k. REEEY B0 GEIRAE X 256 R R

P (0], B S 45, 2024, 44(4): 1-6.
YANG F L, ZHOU Y, YANG B. Research progress on resource
characteristics and comprehensive utilization of lead—zinc mine tailings
in China[J]. Environmental Protection and Circular Economy, 2024,
44(4): 1-6.

[4] LI G, ZHANG Z, WEI Q, et al. Study on flotation recovery of typical
carbon—bearing lead—zinc sulphide ore in  Guizhou with
pre—decarbonization[J]. Geochemistry, 2024: 126096.

[5] JO K, JE J, LEE D, et al. Prediction of multi—stage froth flotation

efficiency of complex lead—zinc sulfide ore using an integrated ensemble


https://doi.org/10.1016/j.powtec.2023.119185
https://doi.org/10.1016/j.seppur.2022.121101
https://doi.org/10.1016/j.seppur.2022.121101
https://doi.org/10.3969/j.issn.1674-1021.2024.04.001
https://doi.org/10.3969/j.issn.1674-1021.2024.04.001

%1

Ll W, S5 SRR TR R U TR LD B A A A SR S AR B B [ OK S - 83 -

[6]

[7]

[8]

[9]

[10]

[11]

neural network-random forest model[J]. Minerals Engineering, 2024,
210: 108669.
(ST =I5 R QTR DR R AR A R 2 3 8 i Bk 1)
HEWU] A AR GEO S, 2024(4): 77-84.
LYU C, ZHANG J, XIE F, et al. Research and discussion on a separation
process of refractory high—sulfur low—grade lead—linc sulfide ore[J]
Nonferrous Metals(Mineral Processing Section), 2024(4): 77—84.
FALCONI I B A, BOTELHO A B, BALTAZAR M D P G, et al. An
overview of treatment techniques to remove ore flotation reagents from
mining wastewater [J]. Journal of Environmental Chemical Engineering,
2023, 11(6): 111270.
WEAR, 2267, B . T AR 43 B ik Ak 77 25 B R R K th TOC
RE (0], & JEH 1L, 2023(6): 255-261.
XIE B J, LI X D, XIA K. Study on removal of TOC from flotation
circulating water by heterogeneous metal catalyst[J]. Metal Mine,
2023(6): 255-261.
CHEN W, HE H, LIANG J, et al. A comprehensive review on metal
based active sites and their interaction with O; during heterogeneous
catalytic ozonation process: Types, regulation and authentication[J].
Journal of Hazardous Materials, 2023, 443: 130302.
YANG C, JIN X, GUO K, et al. Simultaneous removal of organics and
ammonia using a novel composite magnetic anode in the electro—hybrid
ozonation—coagulation (E-HOC) process toward leachate treatment [J].
Journal of Hazardous Materials, 2022, 439: 129664.
M, RGNS, B, 55 R AL S R G AR R A LMK B
JE K b i 7T (0], ek AR, 2024, 43(1): 89-94.
YUAN S P, WU N P, CHEN X, et al. Application of catalytic
ozonation system in advanced treatment of organic concentrated water
by membrane method [J]. Water Purification Technology, 2024, 43(1):
89-94.

[12]

[13]

[14]

[16]

[18]

WUY, LIY, ZHANG H, et al. Application of natural mineral materials
in advanced oxidation processes for wastewater treatment: A
review[J]. Journal of Environmental Chemical Engineering, 2024,
12(2): 111885.

FU P F, WANG L, LIN X, et al
O—isopropyl—N—ethylthionocarbamate catalyzed by galena in flotation

Ozonation of recalcitrant

effluents and its dissolution behaviors[J]. Minerals Engineering, 2021,
165: 106859.

HU J, WANG Q, WANG Y, et al. Enhanced ozonation of nitrobenzene
in water using natural iron ores: Efficiencies, mechanisms and
stability [J]. Journal of Water Process Engineering, 2024, 61: 105315.
MONR, SR, THHE AL, 45 5 i Al S U A Ak £ A G R
A4 AT 5L 0. 77 R4 -5 H L, 2020, 40(1): 1-7.

LIN X F, FU P F, MA Y H, et al. Removal efficiency and
mineralization in catalytic ozonation of O-—isopropyl-N—ethyl
thionocarbamate minerals in flotation wastewaters[J]. Conservation
and Utilization of Mineral Resources, 2020, 40(1): 1-7.

JING G G, MENG X, Chen J, et al. Electrocoagulation in a packed
aluminium scraps anode reactor for mineral processing wastewater
treatment [J]. Minerals Engineering, 2023, 202: 108231.

WANG X J, CHEN M X, MA L Y, et al. Degradation of residual
xanthates in mineral processing wastewater—A review[J]. Minerals
Engineering, 2024, 212: 108717.

XA E, B A T, 2R, 55 BME I R 04 1 A B U B IR K
TPT R 2 A BRAEST (T]. BR TR, 2022, 42(3): 70-75.

LIU C Y, HUANG Z L, YUAN C G, et al. Preparation of magnetic
activated carbon and its application in removal of butyl xanthate from
mineral and Metallurgical

processing  wastewater[J]. Mining

Engineering, 2022, 42(3): 70-75.


https://doi.org/10.1016/j.mineng.2024.108669
https://doi.org/10.1016/j.jece.2023.111270
https://doi.org/10.1016/j.jhazmat.2022.130302
https://doi.org/10.1016/j.jhazmat.2022.129664
https://doi.org/10.1016/j.jece.2024.111885
https://doi.org/10.1016/j.mineng.2021.106859
https://doi.org/10.1016/j.jwpe.2024.105315
https://doi.org/10.1016/j.mineng.2023.108231
https://doi.org/10.3969/j.issn.0253-6099.2022.03.016
https://doi.org/10.3969/j.issn.0253-6099.2022.03.016
https://doi.org/10.3969/j.issn.0253-6099.2022.03.016

© 84 WP 5 R 2025 4F

Treatment and Reuse of Lead—Zinc Flotation Overflow Water Through an
In—situ Catalytic Ozonation Treatment Process
YANG Chao', WAN Li', ZHAO Shuai’, DU Lixin’, CHEN Jichuan’, YUAN Xiaoqin', YANG Wei'

1. School of Resource Engineering, Xi’an University of Architecture and Technology, Xi’an 710055, Shaanxi, China;

2. School of Environmental and Municipal Engineering, Xi’an University of Architecture and Technology, Xi’an 710055, Shaanxi, China;
3. College of Civil Engineering, Xi’an University of Architecture and Technology, Xi’an 710055, Shaanxi, China;

4. College of Metallurgical Engineering, Xi’an University of Architecture and Technology, Xi’an 710055, Shaanxi, China

Abstract: This study focused on utilizing mineral particles in lead—zinc flotation overflow water to catalyze the ozone for
the degradation of organic matter, aiming to address issues of separation index deterioration and environment threaten when
directly returned to flotation or discharge. The results showed that the direct ozone treatment for the overflow water
resulted in a higher removal efficiency of organic matter compared to filtration, attributed to the in—situ catalytic capacity
of minerals in the overflow water. Furthermore, it was observed that the order of ozone catalysis by minerals was lead
concentrate > tailings > zinc concentrate. Under the optimal conditions, removal efficiency of 51.85% for COD and 46.30%
for TOC were achieved representing improvements of 0.78 and 0.62 times, respectively, compared to that ozone treatment
without minerals after filtration. The active sites on the mineral surface could catalyze ozone to generate highly reactive
-OH, resulting in the conversion of hydroxyl and long chain hydrocarbons in organic matter to smaller molecular organic
compounds such as CS,, which were subsequently mineralized into CO, and H,O. When the treated overflow water through
the direct ozone treatment was recycled to flotation the lead concentrate exhibited a Pb content of 69.93% and a Zn content
of 2.31%, with corresponding recoveries of 92.51% and 2.69%, respectively. In comparison to the untreated overflow water
and the filtered ozone—treated overflow water, there were increases in lead recoveries by 4.56% and 2.8%, respectively.
The zinc concentrate contained 43.69% Zn and 0.88% Pb, achieving recoveries of 92.14% and 2.01%, respectively, with
improvements in zinc recoveries of 8.24% and 4.88%, respectively. The application of in situ catalytic ozone treatment on
organic matter in the overflow water effectively reduced the lead—zinc interpenetration in the concentrate and improved the
grade and recovery of concentrate. The research results can serve as a valuable reference for achieving high—quality reuse
of flotation wastewater.

Keywords: lead—zinc ore; flotation; overflow water; minerals; ozone; in situ catalytic
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