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Fig. 1 Technical route to treat basic magnesium slag with acidic CO: by taking the advantage of
high-temperature condition in silicothermic system, aiming at reducing the pH value of slag, capturing carbon, and

utilizing reaction heat.
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Fig.2 Equipment and Experimental Settings: (a) Schematic diagram of a silicothermic reduction system that
includes the entire reduction process (solid line) and CO: from the calcination process (dashed line); (b)

Experimental settings and corresponding process parameters for comparative experiments.
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Fig. 3 Thermodynamic calculation results of equilibrium phase composition changes for 4 mol CO; and 1 mol
CazSi0s in a closed system at 1 atm and 1250 ~ 25 °C. (a) Changes in the moles of COz; (b) Changes in the types
and corresponding moles of silicates/carbonates; (i) - (vi) Six stages of equilibrium phase changes during the
cooling process from 1250 ‘C to 25 C.
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Fig4 Thermodynamic calculation of the dominant region of the reaction between magnesium slag and CO: (the
dotted line corresponding to the pressure of CO> of 1 atm)
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Fig. 5 High-temperature magnesium slag can react with CO», bringing multiple effects such as releasing
reaction heat for utilization, capturing CO, and lowering the pH value of slag leachate. Compared with the
controlled one, the experimental group with flowing CO2 showed that: (a) the temperature of the reaction zone was
higher; (b) the weight of the slag increased by 4.2 g, i.e., 7.2%, and part of the slag was lumpy; (c) the main
compound of the lumpy product was Ca3(SiO4)2CO3; (d) the pH value of the slag leachate decreased greatly.
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Fig. 6 As the temperature of magnesium slag increases during CO2 injection, the weight of the captured CO2
product increases while the degree of pulverization decreases.
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Research on the reaction feasibility of magnesium slag and
CO: at dry and high-temperature environment in

silicothermic reduction process

ZHENG Rui® %3, MA Yu-min" %3, YANG Bo" %3, LIU Ming" %, SHAN Zhi-wei'23

(1. State Key Laboratory for Mechanical Behavior of Materials, Xi’an Jiaotong University, Xi’an
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2. Engineering Research Center for Magnesium-based New Materials, Xi’an Jiaotong University,
Xi’an China 710049;
3. Department of Materials Science and Engineering, Xi’an Jiaotong University, Xi’an China

710049)

Abstract: Silicothermic reduction process is the main production process of magnesium in China.
During every production of 1 ton of magnesium, nearly 5 tons of CO, will be directly emitted
from the calcination process, and nearly 6 tons of pulverized magnesium will be generated from
the reduction process. However, there still lacks a large-scale and cost-effective technology to
reduce carbon emissions and treat magnesium slag in an environmental way. Here we proposed
that, by taking advantage of the high-temperature environment in silicothermic system, the basic
magnesium slag can react with acidic CO», bringing multiple effects such as releasing reaction
heat for utilization, capturing CO», and reducing the pH value of slag leachate. We first conducted
thermodynamic calculations to confirm the feasibility of the proposed approach. Then by
designing and constructing an experimental apparatus, we found that, introducing flowing CO»
into the hot magnesium slag can indeed achieve the desired effects of carbon capture and pH
reduction, as well as releasing significant amounts of heat during the reaction process. For
example, at a reaction temperature of 850 °C, the carbonization degree can reach 14%, and the pH

value of magnesium slag can be reduced from 11.76 to 10.57, and nearly 40% of the slag not



being powdered. In the future, through continuous improvements in this technology and process, it
is expected to achieve the harmless treatment of magnesium slag while reducing comprehensive
carbon emissions, leading to significant environmental and economic benefits.

Key words: Silicothermic reduction process; Magnesium slag; Carbon capture; Solid waste
treatment
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