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Fig. 1 Schematic diagram of experimental apparatus for zinc-containing wastewater treatment: 1—Nitrogen cylinder; 2—

Fluid reservoir; 3—Two-way valve; 4—Gasholder; 5—Gas generating bottle; 6—Temperature controller; 7—Peristaltic pump; 8—

Separating funnel; 9—Reactor; 10—pH meter; 11—Gas purification device; 12—Valve
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Table 1 Orthogonal experiment results
Experiment No. A . B . ¢ . (Voﬁme (concerl;:tration/ Remo:/al
(pH) (time/min)  (temperature/C) fraction/%) (mgL ) rate/%
1 1(1) 1(20) 1(25) 1(5) 1(100) 0
2 1 2(30) 2(35) 2(10) 2(300) 0
3 1 3(40) 3(45) 3(20) 3(500) 7.2
4 1 4(60) 4(55) 4(30) 4(1000) 69
5 1 5(80) 5(65) 5(40) 5(2000) 51.3
6 2(2) 1 2 3 4 77.3
7 2 2 3 4 5 82.1
8 2 3 4 5 1 77.8
9 2 4 5 1 2 89.6
10 2 5 1 2 3 0
11 3(3) 1 3 5 2 99.085
12 3 2 4 1 3 61.96
13 3 3 5 2 4 97.162
14 3 4 1 3 5 64.94
15 3 5 2 4 1 99.54
16 4(4) 1 4 2 5 63.82
17 4 2 5 3 1 97.315
18 4 3 1 4 2 93.79
19 4 4 2 5 3 99.21
20 4 5 3 1 4 97.57
21 5(5) 1 5 4 3 98.56
22 5 2 1 5 4 99.04
23 5 3 2 1 5 33.8
24 5 4 3 2 1 86.8
25 5 5 4 3 2 92.1
kyj 122.65 338.765 257.77 282.93 361.455
ko 326.8 340.415 309.85 247.782 363.23
ks 422.687 309.752 372.755 338.855 367.23
ke 451.705 409.55 364.68 442.99 439.772
ks; 4103 335.66 429.087 421.585 291.11
E,j 24.53 67.753 70.672 56.586 72.291
Ezj 65.36 68.083 61.97 49.5564 72.646
Ej 84.5374 61.9504 74.551 67.771 73.446
Ej 90.341 81.91 72.936 88.598 87.9544
Esj 82.06 67.132 85.8174 84.317 58.222
R 65.811 19.9596 23.8474 39.0416 29.7324
_ Factor A>D>E>C>B
primary—secondary
Level Ay By Cs D, E,
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Table 2 Removal rate of zinc of smelting acidic wastewater

Concentration/(mg-L™")

Sample
Zn Cu As Re Pb Cd
Original sample A 569 1.1 2769.8 1.2 1.1 -
Preprocessed sample A 569 - 0.38 - - -
Zinc-removed sample A 1.2 - 0.38 - - -
Zinc removal rate/% 99.79
Original sample B 216.7 99.5 73.54 - 0.398 0.452
Preprocessed sample B 216.7 - 0.33 - 0.381 0.23
Zinc-removed sample B 1.1 - 0.33 - 0.381 0.23
Zinc removal rate/% 99.49
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Fig. 7 Varying pattern of Zn>" remaining concentration with

reaction time
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Fig. 8 SEM images of zinc precipitate
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Technique, thermodynamics and Kinetics of zinc removal from
acidic wastewater via gas-liquid sulfidation reaction

JIANG Guo-min"?, PENG Bin"? CHAI Li-yuan"? WANG Qing-wei"%, WANG Yun-yan' 2, SHI Mei-qing">

(1. School of Metallurgy and Environment, Central South University, Changsha 410083, China;
2. Chinese National Engineering Research Center for Control and Treatment of Heavy Metal Pollution,

Central South University, Changsha 410083, China)

Abstract: Sulfide precipitation via gas-liquid reaction was used to treat the simulated acidic wastewater containing zinc
ion. The effects of pH value, H,S volume fraction, temperature, reaction time, initial concentration of Zn*" on the removal
rate of zinc were investigated. The orthogonal experiments with five factors and five levels were designed based on the
results of single factor experiments, which was applied to the treatment of acidic wastewater generated from smelting flue
gas washing. The thermodynamic of Zn>* sulfidation and kinetics of gas-liquid reaction were studied. And then, the
sediments were analyzed and characterized. The results show that the optimum operation conditions are as follows pH
value of 3, the time for reaction of 80 min, the temperature controlled at 25°C, H,S volume fraction of 30%, and the
initial concentration of Zn** of 100 mg/L. The removal rate of Zn>* can reach 99.54% under the optimum operation
condition. The sediments mainly consists of ZnS with zinc content of 63.84%. When concentrations of Zn" in acidic
wastewater are 569 and 216.7 mg/L, the removal rates of Zn>" are 99.79% and 99.49%, respectively.

Key words: acidic wastewater; zinc removal; gas-liquid sulfidation; thermodynamic
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