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Treatment of zinc and lead smelting wastewater containing
heavy metals by combined process of micro-electrolysis
with flocculation

YANG Jin+jin, XU Xiao-jun, WANG Gang, WANG Pan, HAN Zhen-yu, GUAN Tang-zhen, TIAN Rui

(Faculty of Environmental Science and Engineering, Kunming University of Science and Technology,
Kunming 650093, China)

Abstract: The combined process of “lime neutralization-micro-electrolysis-flocculation” was used to treat lead and zinc
smelting wastewater containing heavy metal ions. The influence of the experimental conditions on the removal rate of
Pb*", Zn**, Cd*, Cu®" and As ions in the wastewater was also investigated. The experimental conditions included the
mass ratio of Fe to C, initial pH of the infall wastewater, and hydraulic retention time for the micro-electrolysis reactions,
and pH and dosage of PAM flocculant for following flocculation reactions. The morphology and compositions of the
carbon and iron surface were also characterized by SEM and EDS before and after the treatment of the micro-electrolysis
reaction, the reaction mechanism of Fe/C micro-electrolysis and the invalidation cause of Fe/C wadding were analyzed.
The results show that the optimal conditions of the micro-electrolysis-flocculation are the mass ratio of Fe to C of 1:1.5,
initial pH 2.5 and reaction time 40 min for the micro-electrolysis reactions, and pH 11 and dosage of PAM of 4X 10
(mass fraction) for flocculation reaction, under which the combined technique has the highest removal efficiency for the
heavy metal ions in this wastewater. Cd*'concentration in the outlet wastewater satisfies the primary standard in

(Integrated Wastewater Discharge Standard) (GB8978—1996) in China, and the concentrations of Pb**, Zn*", Cu?*" and
As ions satisfy the III surface water standard of {Environmental Quality Standard for Surface Water) (GB 3838—2002)
in China.
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Table 1 Water quality of smelting wastewater

p®OY — p(Zn)  p(As)  p(Cu)/  p(CdY
PP (mgL") (mgL) (mgL) (mgL’) (mgL")

0.78  1.767 35.190  32.590 1.943 1.275
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Fig. 1 Wastewater processing flowchart of micro-electrolysis

combined with flocculation
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Fig. 2 Schematic diagram of self-made micro-electrolysis

reactor system

R2 RMIEARSEE BT
Table 2 Orthogonal experimental design table of micro-

electrolysis
Factor
Level Initial Reaction time/ Mass ratio of
pH min Feto C
1 2.00 10 2.0:1.5
2 2.50 20 2.0:1.0
3 3.00 30 1.0:1.0
4 3.50 40 1.0:1.5
5 4.25 50 1.0:2.0
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Fig. 3 Effect of initial wastewater pH on removal rate of ions

in micro-electrolysis reactor
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Fig. 5 Effect of mass ratio of Fe to C on removal rate of ions
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Fig. 6 Effect of flocculation pH on ion concentrations in

outlet wastewater
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Fig. 7 Effect of PAM dosage on ion concentrations in outlet

wastewater
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Table 3 Ton concentrations and removal rates under optimum test conditions by combined process of micro-electrolysis with

flocculation

p(Pb*)/ p(Zn*)/  p(Total As)/  p(Cu*")/ p(Cd*y/

Wastewater H i i _ i i
P mgL™)  (mgL)  (mgL)  (mgL)  (mgL))
Infall wastewater 0.78 1.7670 35.190 32.590 1.943 1.2750
Outlet wastewater in neutralization 2.50 1.3400 34.080 32.420 1.782 1.2100
Outlet wastewater in micro-electrolysis 5.00 0.146 0 28.020 19.830 0.500 0.580 0

tlet 1 ter i icro-electrolysi
Outlet wastewater in micro-clectrolysis 0.042 3 0.004.0 0.021 0.023 0.0139
and flocculation
Total removal rate in micro-electrolysis B 97.61 99.99 99.94 08.82 98.91

and flocculation/%

e Y it ) AR
B8 fhHMRER VAT SR REIMIT SEM 4

Fig. 8 SEM images of carbon and iron surfaces before and after micro-electrolysis reaction: (a) Iron before reaction; (b) Iron after

reaction; (¢) Carbon before reaction; (d) Carbon after reaction

R4 PR SOV S B TETTK EDS 20 Hr4i 3t
Table 4 EDS analysis results of iron surface after micro-

electrolysis reaction

RS5OSR K EDS 2} Hr4i 3t
Table 5 EDS analysis results of carbon surface after micro-

electrolysis reaction

Element wi% x/% Element  w/% x/% Element wi% x/% Element  w/% x/%
C 3.85 11.67 Zn 1.21 0.67 C 50.78  72.65 S 0.59 0.32

() 18.98 43.23 As 0 0 () 13.40  14.39 Ca 1.09 0.47

Fe 63.75 41.61 Pb 10.54  1.85 F 3.18 2.88 Fe 8.92 2.74
Cu 1.67 0.96 Na 3.60 2.69 Zn 4.55 1.20
Al 2.19 1.39 As 0.71 0.16

WRIEBRRM EDS /M4 RIE KDL, F. Ca Ml Si 037 023 Pb 10.61  0.88

As EEMEIRTE R . /ERRIERI, Zn®'L Na's
Ca’ MIKERE As & IS BIH ST Fe 21T, F
ALY Fe KA E M PTEL, 7RG AR A BT X L8
TAE Fe KB B N, XL &1 ) B 32 258k

BT HIRBNS SR, DI, SRR R I 205
KA L ZI BT, 538k, Po AEBOR R A 7041
HIEBRANL TR AN B T, P> Fe U,
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