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Abstract

Weathered crust rare earth deposits are a strategically advantageous mineral resource in China, sup-
plying over 90% of the world’s heavy rare earth elements. Their mining technology has evolved
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through four generations. Early-stage tank leaching and pit leaching suffered from low efficiency and
serious pollution. Although the second-generation heap leaching and the third-generation in-situ
leaching improved recovery rates, the use of ammonium salts resulted in ammonia-nitrogen pollu-
tion, leading to their ban in 2018. The fourth-generation technology has achieved fundamental break-
throughs: magnesium-salt leaching eliminates ammonia-nitrogen at the source, as demonstrated at
the Liutang Mine in Chongzuo, Guangxi; electrically-driven mining uses an electric field to induce di-
rectional ion migration. Pilot tests conducted in 2025 achieved a recovery rate of >95%, a 95% reduc-
tion in ammonia-nitrogen emissions, and an 80% decrease in leaching agent consumption, marking a
paradigm shift in mining philosophy from end-of-pipe treatment to source control. The application of
rare earths is also transitioning from their traditional role as “industrial monosodium glutamate” to
a strategic core material system. In the new energy sector, they support wind power and electric ve-
hicles; in high-end manufacturing, they contribute to spacecraft weight reduction and laser develop-
ment; in electronic information, they enable display and catalytic materials. Their function has
evolved from “additive modification” to “function-oriented dominance”, establishing them as a stra-
tegic cornerstone for driving the green and low-carbon transition. Future mining technologies will
advance toward intelligent operations, while application research needs to deepen fundamental
mechanisms and establish an innovation system covering the entire industrial chain, thereby consol-
idating China’s leading position in strategic resources.
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H R 80%~90% [6]. HERF AR MA TZRBEWF: £ B 0 alEg. Abefifn
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Figure 1. Schematic diagram of electrically-driven mining for weathered crust rare earth deposits (Base
Map Based on [17])
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Table 1. Rare earth leaching rate and primary pollution of different mining technologies
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- (NH4)2S04 ) 98% (SR =) WREKIEER, R K [12][13]
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Figure 2. Schematic diagram of rare earth-related applications
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24k BB AL, BRI SR [22]. B R AL T, B AL G R AUREE, T
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