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Leaching risk and solidification mechanisms of electrolytic manganese residue pollutants based on the geopolymer system.
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Chinese Research Academy of Environmental Sciences, Beijing 100012, China; 2.Faculty of Civil Engineering and Mechanics,
Kunming University of Science and Technology, Kunming 650504, China). China Environmental Science, 2023,43(12): 6465~6473
Abstracts: In order to mitigate the potential environmental risks associated with electrolytic manganese residue (EMR), a geological
polymerization reaction was employed to carry out its solidification and stabilization. Through leaching toxicity tests and consecutive
BCR extraction experiments, the leaching risk of electrolytic manganese residue-based polymer (EMRGP) was ascertained.
Characterization techniques such as XRF, XRD, SEM-EDX, and XPS were utilized to investigate the solidification mechanism. The
results revealed that the concentrations of Mn®" and NH," in the leachate from EMRGP were merely 4.64pg/L and 0.99mg/L,
meeting the standards for discharge and reutilization. BCR continuous extraction experiments showed a lower leaching risk for
EMRGP. During the solidification and stabilization process, the formation of silica—alumina gel occurred. NH," either volatilized as
NH; or precipitated as struvite, while Mn?, apart from being oxidized to Mn®>" and Mn**, concomitantly precipitating with other
heavy metal species in the guise of hydroxide precipitates or enshrouded within the protective vestiges of silico-aluminous gels. This
approach significantly alleviated the potential environmental risk associated with EMR.
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Table 1 Fundamental characteristics and chemical composition of raw materials and EMRGP
SR ol f HKE 2 E (%)
(%) SiO, CaO Fe,O3 SO; MnO ALOs MgO K>,0O P,0s
EMR 6.50 32.32 22.85 18.49 14.07 8.99 7.93 2.43 2.10 0.61 0.39
CFA 8.95 0.85 45.10 5.60 - 2.10 - 24.20 - - -
EMRGP 8.90 - 30.80 16.58 9.63 5.13 4.82 13.52 1.76 1.88 0.29
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Fig.1 Extraction steps of BCR sequential extraction method
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Table 2 Experimental conditions

EMR:CFA L8] — KL WA RMETE PR
(%) CaO NaOH/Na,SiO; Lke)  (C) ) )
(Wt%) (Wt%)
50:50 1.5 1.5 0.40:1 20 24 400
55:45 3.0 3.0 0.45:1 40 24 400
60:40 45 4.5 0.50:1 60 24 400
65:35 6.0 6.0 0.55:1 80 24 400
70:30 7.5 7.5 0.60:1 100 24 400

F3 WUHATIELE
Table 3  Alkaline activator dosage

4R Jo J1 12 13 14 15 16 17 18 19 110
CaO (Wt%) - 45 45 45 45 45 15 3.0 45 6.0 7.5
NaOH/Na»SiO; (wt%) - 15 3.0 45 6.0 75 3.0 3.0 3.0 3.0 3.0
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Table 4 Leaching toxicity results

4 JE AT NH, 135 R B (mg/L)

Iﬁ E EI |V151 pH {E T
Mn NH4 Cr Cu Zn As Cd Pb Ni Hg
EO 6.5 1863.2 1062.0  <0.001 0.003 0.080 0.001 0.002 <0.001 1.073 <0.001
El 8.9 0.023 1.723 0.025 0.184 0.004 0.002 <0.001 <0.001 0.026 <0.001
E2 8.9 0.005 0.996 0.079 0.030 0.002 0.004 <0.001 <0.001 0.024 <0.001
GB 8978-1996%2 6~9 2.0 15.0 15 0.5 2.0 0.5 0.1 1.0 1.0 0.05
HJ 124120227 6~9 1.0 1.0 0.2 1.0 1.0 0.1 0.03 0.3 0.2 -
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