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Figure 1  Effect of pre-heating time on Fe recovery ratio
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Extraction of Iron from Coal Gangue by Preheating, Carbon Thermal
Reduction and Magnetic Separation

WANG Jianzhang', WANG Minghua', GONG Zhenyu’, CHEN Chang', WANG Yingpeng'
(1. School of Metallurgy of Northeastern University, Shenyang 110819, China; 2. Nandu Hua Pt New Material Tech-
nology Co. , Ltd. , Hefei 236500, China)

Abstract: China is a major producer and consumer of coal, with an average annual total coal production and consumption of
around 300 million tons. China has accumulated a total of 5 billion tons of accumulated gangue, including more than 1 900
large-scale gangue hills, occupying 15 000 hectares of land, and this amount is increasing at a rate of 150 million to 200
million tons per year. If this vast amount of coal gangue can be scientifically utilized, it will thansform waste into valuable
resources, generating significant economic benefits. The resource utilization of coal gangue is currently in the development
stage in China. Its comprehensive utilization of coal gangue mainly focuses on its use as a raw material for building materials,
such as brick making, cement production, and other building materials. Coal gangue is also used in power generation and
chemical industries, such as extracting alumina and white carbon black, but the technology and utilization rate are limited. It is
necessary to develop and apply high-value technology for coal gangue to further enhance its utilization value. Besides
containing a large amount of silicon aluminum phase, coal gangue also contains some pyrite. Considering the market value of
iron, carbon thermal reduction can be used to reduce the elemental iron. The carbon in coal gangue mostly exists in the form
of organic matter, which not only fails to play a reducing role, but also causes the coal gangue powder to adhere during the
heating process, thereby affecting the iron recovery rate. Therefore, this article first calcines coal gangue in an air atmosphere
to remove organic matter and oxidize pyrite to iron oxide. Then, an appropriate amount of carbon is added to the calcined
material, and nitrogen is used as a protective gas for high-temperature calcination to reduce iron powder. Finally, magnetic
iron is selected by magnetic separation. The optimal reduction condition is: 48 pm coal gangue is used, air calcination
temperature is 1 000 °C, holding time is 1 h, carbon oxygen molar ratio is 2.0, N, atmosphere carbon thermal reduction
calcination temperature is 1 100 °C, calcination time is 1.5 h, after carbon thermal reduction, the recovery rate of TFe reached
71.3%. Due to its low iron content, the coal gangue after iron removal is suitable for use as molecular sieve, cement, brick
and tile, roadbed filler, etc., which increases the strength of the material.

Keywords: coal gangue; pyrite; organic material; pre-heating; carbon thermal reduction; magnetic separation; iron recovery;

molecular sieve
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