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Fig. 1 Beneficiation process
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Fig. 2 Monazite smelting process
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Table 1 Thorium-232 activity concentration in ore sample and products of dressing process Ba/g
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Fig. 3 Thorium-232 distribution of dressing process
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Table 2 Gamma radiation dose rate and thoron concentration in dressing process workplace of an enterprise in Hainan
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Table 4 Thorium-232 radionuclide activity concentration in ore sample and products of monazite smelting process Bq/g
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Fig. 4 Thorium-232 distribution of smelting process
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Table 5 Gamma radiation dose rate and thoron concentration in smelting process workplace of an enterprise in Hunan
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Migration Behavior and Radiological Impact Characteristics of Thorium-232 in

Beneficiation and Smelting Processes of Monazite
TIAN Sirong"?*, FAN Hongbo*?, GAO Xiang”*, GAO Jie'
(1.Research Institute No. 230, CNNC, Changsha 410007, China;
2. Hunan CNNC Environmental Protection Technology Co., Ltd., Changsha 410007, China;
3. Hunan Engineering Technology Research Center for Evaluation and Comprehensive Utilization of Associated
Radioactive Mineral Resources, Changsha 410007, China;
4. Beijing Research Institute of Chemical Engineering and Metallurgy, CNNC, Beijing 101149, China)

Abstract: This study investigated typical enterprises engaged in the integrated beneficiation and smel-
ting of monazite, with a focus on characterizing the behavior of thorium-232 throughout the produc-
tion chain. Through systematic analysis of activity concentrations in various raw materials and prod-
ucts from different manufacturers, the pathways and final distribution of thorium-232 across the entire
technological process were traced. Workplace monitoring of thoron concentrations was carried out to
assess inhalation hazards, collectively revealing the distinct migration and enrichment patterns of tho-
rium-232 and its associated radiological exposure risks. Through the analysis of the chemical composi-
tion in monazite ore, it is found that the REO content is the key factor influencing the activity concen-
tration of thorium-232. The monazite dressing process primarily involves stages such as shaking table
gravity separation, drying, and electromagnetic separation, while the smelting process includes mag-
netic separation, alkali decomposition, and hydrochloric acid preferential dissolution. Thorium-232
exhibits a pronounced tendency for selective enrichment within these sequences. Comprehensive data
on chemical composition and radionuclide activity from multiple enterprises in Hainan Province demon-
strate that about 92.15% of thorium-232 is concentrated into the monazite product during electromag-
netic separation. Further analysis based on material chemistry and activity measurements from a smel-
ting enterprise in Hunan Province indicates that about 96.56% of the thorium-232 is subsequently
transferred and further enriched in the residue generated from the hydrochloric acid preferential disso-
lution stage. It is noteworthy that emissions of thorium-232 in waste gases and process waters
throughout both dressing and smelting operations are negligible relative to the total inventory.
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