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Fig. 1 Product distribution characteristics and resource utilization potential

of AMD treated by ZVI under different engineering systems
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Tab.1 Comparison of operational characteristics and occurrence characteristics

of products in different ZVI engineering systems
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Fig. 2 Regulation mechanism of novel ZVI materials and coupling

technologies on the occurrence morphology of solid products
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Fig. 3 Schematic diagram of graded resource utilization pathway and risk control based

on component characteristics of solid products
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Research Progress on the Resource Utilization of Solid Products
from Zero—Valent Iron Treatment of Acidic Mine Wastewater

TANG Linjun"*, XIAO Rui™*, LIU Jiaoyang"*®, JIANG Guoping"**,
ZHOU Lei**, XU Lechang"*, NIU Jie"*, HU Penguua'’
(1. Beijing Research Institute of Chemical Engineering and Metallurgy, Beijing 101149, China;
2. China Nuclear Mining Science and Technology Corporation, Beijing 101149, China;
3. China University of Geosciences College for Elite Engineers, Wuhan 430074, China;
4. School of Resource Processing and Bioengineering, Central South University, Changsha 410083, China)

Abstract: Acidic mine drainage (AMD) contains elevated levels of heavy metals and sulfates, posing severe
threats to the ecological environment and human health. Zero-valent iron (ZV1), recognized for its low cost,
high reactivity, and broad applicability, has been extensively employed int the remediation of AMD in both
research and practical engineering contexts. However, current studies predominantly concentrate on the effi-
ciency of pollutant removal, with inadequate attention given to the recovery and resource utilization of solid prod-
ucts generated post-reaction, which constrains the sustainable application of this material in engineering prac-
tices. This paper presents a comparative analysis of the operational characteristics and product formation patterns
of the operational characteristics and product formation patterns of ZVI across three typical engineering systems:
active fluidized bed reactors, passive permeable reactive walls, and bio-coupled systems. It assesses the morpho-
logical distribution of solid products, the feasibility of their recovery and separation under various engineering con-
ditions, and proposes hierarchical resource utilization strategies based on phase composition and elemental occur-
rence of the products. Finally, it offers technical pathways and development recommendations aimed at transi-

tioning AMD remediation from “end-of-pipe treatment” to “resource recovery and circular utilization. ”

Key words: acid mine drainage; zero-valent iron; iron-based byproducts; environmental stability ; resource uti-

lization
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