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Sulfur immobilization of heavy-metal containing waste residue

WANG Li, CHAI Li-yuan, MIN Xiao-bo, WANG Yun-yan, WU Yu

(School of Metallurgical Science and Engineering, Central South University, Changsha 410083, China)

Abstract: Based on the analysis of leaching characteristics, the sulfuration-neutralization sludge produced during the
treatment process of waste acid in Zhuzhou Smelter Group Company was sulfur immobilized. The optimal conditions for
immobilization process were studied. The results show that the high leaching rate of Cd and Zn in
sulfuration-neutralization sludge is obtained and the leaching toxicity of Cd is much higher than the identification
standard. The heavy metals Cd and Zn can be sulfur immobilized effectively. With the amount of sulfur addition
increasing, the concentration of Cd and Zn in the leachate decreases, thus the effect of sulfur immobilization on
sulfuration-neutralization sludge is improved. The Cd concentration of the solidified sludge with 55% sulfur addition is
lower than the identification standard. The process of sulfur immobilization can be achieved in a very short heating and
agitating time at the optimal temperature of 140 C. The cooling manner of the solidified body has minor influence on the
immobilization of heavy metals and the surface morphology of the solidified body. Moreover, the blend of big and small
particles of residue is propitious to the immobilization of Cd.
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Table 1 Heavy metal contents of sulfuration-neutralization
sludge (mg/kg)

As Cd Cu Fe Mn Hg Pb 7n

628.0 3370.5 145.0 3142.5 121.0 254.5 7705.5 948.0
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Fig.1 XRD pattern of sulfuration-neutralization sludge
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Table 2 Leaching toxicity of sulfuration-neutralization sludge

Concentration Identification

Content/ Leaching

1
Element Oiﬁ;ihit)e/ (mgke!)  rate/% st?iiéiq[l )9]/
As 0.16 628.0 0.255 1.50
Cd 13.69 3370.5 4.065 0.30
Cu 0.11 145.0 0.759 50.00
Hg 0.04 254.5 0.157 0.05
Pb 0.04 7705.5 0.005 3.00
Zn 4.34 948.0 4.578 50.00
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Fig.2 Effects of grain size on leaching characteristics of
sludge and its immobilization (Raw: Sulfuration-neutralization
sludge without granularity distribution; Cd": Untreated sludge;
Cd?: Solidified sludge; ZnY: Untreated sludge; Zn?): Solidified
sludge)
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Fig.4 Effects of heating and agitating time on immobilization
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Fig.5 Effects of temperature on immobilization
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Fig.6 Structures of transverse cut of solidified bodies at different temperatures: (a) 130 “C; (b) 140 C; (c) 150 C; (d) 160 C; (e) 170 'C
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Table 3 Leaching toxicity of solidified body by different cooling manners

Concentration of Cd in leachate/(mg-L™")

Concentration of Zn in leachate/(mg-L ")

Sulfur addition
rate/% . . . . . .
Rapid cooling Slow cooling Rapid cooling Slow cooling
30 11.835 11.853 3.304 3.468
40 0.664 0.470 1.099 1.295
45 0.468 0.428 0.588 0.630
50 0.384 0.378 0.490 0.548
55 0.248 0.225 0.453 0.495
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Fig.7 SEM images of solidified bodies by different cooling manners: (a), (b) Sulfur addition rate 55%, rapid cooling; (c), (d) Sulfur

addition rate 55%, slow cooling
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