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Abstract: Fly ash from municipal solid waste incineration (MSWI) is a hazardous waste that contains
various toxic heavy metals, posing significant environmental risks if not properly treated. The leaching
of these heavy metals restricts the resource utilization of fly ash and threatens the environment. This

study investigates the influence of the slaked lime pre-addition during flue gas purification on the
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subsequent chelation and solidification treatment of MSWI fly ash. It focuses on the impact of slaked
lime dosage and purity on the stabilization efficiency of heavy metals. Additionally, the mechanism of
heavy metal solidification is elucidated by analyzing the micro-structure, mineral composition, and the
distribution of heavy metal speciation. The experimental results indicated that the optimal solidification
efficiency for most heavy metals was achieved when the slaked lime dosage reached 8%; specifically,
the solidification efficiencies of Zn, Se, and Cr(VI) were 97.6%, 82.9%, and 53.3%, respectively.
Moreover, the solidification efficiencies of Cu, Pb, Cd, and Ni reached 100%. The addition of slaked
lime increased the leaching concentrations of Ba and As; however, these concentrations did not exceed
the regulatory limts for landfill disposal. Notably, using high-purity slaked lime significantly reduced
the leaching concentrations of heavy metals, highlighting the crucial role of lime purity in stabilization.
Microstructural analysis revealed that the addition of slaked lime densified the internal structure of fly
ash, promoting the solidification of heavy metals. Mineral composition analysis showed that the
presence of alkaline substances enhanced heavy metal stabilization. Heavy metal speciation distribution
analysis indicated that the distribution of heavy metals shifted to more stable forms, further
demonstrating the benefits of slaked lime addition. This study emphasizes the importance of pre-
addition of slaked lime during flue gas purification in enhancing the subsequent chelation and
solidification treatment of MSWI fly ash. The findings provide valuable insights into optimizing lime
dosage to improve heavy metal stabilization, contributing to more effective and sustainable waste
management practices.
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Table 1 Main chemical composition of MSWI fly ash and industrial slaked lime

R (BRI H0 /%

oy
CaO Si0, AlO; Cl Fe,0; SO, MgO K,O MnO
JFIR K 40.265 2392 0.662 27.229 0.625 8.072 1.801 7.183 0.025
Tk A K 96.465 0.417 0.428 0.060 0.120 0.389 1.390 — 0.046
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Table 2 Experimental conditions for MSWI fly ash

solidification and stabilization
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Table 4 Effect of slaked lime on the pH of fly ash leachate
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Table 5 Leaching concentrations of heavy metals in fly ash after adding slaked lime mg-L”
Bt i Cu Zn Pb cd Ni Be Ba T-Cr Hg As Se Cr(VI)
Al ND 112.000 ND ND ND ND 1.790 ND 0.046 0.021 0.010 0.064
A2 ND 56.800 ND ND ND ND 1.510 ND 0.042 0.035 0.006 0.054
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A5 ND 10.600 ND ND ND ND 1.360 ND 0.086 0.037 0.005 0.056
Bl ND 64.600 ND ND ND ND 1.630 ND 0.003 0.029 0.007 0.069
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