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Table 1 Standard Gibbs free energy of chemical reactions
Reaction equation Standard Gibbs free energy (J/mol)
2Mg(g)+05(g)=2MgO(s) AG=-1428800+387.4T 1%
Si(s)+0,(g)=Si0x(s) AG=-902070+173.64T M
2MgO(s)+Si02(5)=Mg,SiO4(s) AG=-63260M
2Ca0(s)+Si0,(s)=CarSi04(s) AG=-126357-5.02T™
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AG = AGy,, — RTInpy,, = AGg,, — AGy, — RTINpy,
=526730 - 213.76T - 2RTInp,,,
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2Mg(9)+0,(9)=2MgO(s), (6)
4MgO(s)+Si(s)=2Mg(g)+Mg,SiO.(s), @)
2MgO(s)+2Ca0(s)+Si(s)=2Mg(g)+Ca,SiO(s), (8)
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Fig.1 AG-T curves of the oxidative slagging reactions
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2MgO(s)+Si0,(s)=Mg,Si04(s), (€)]
2Ca0(s)+Si0,(s)=Ca,SiOu(s). (10)
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Fig.2 AG-T curves at different Mg vapor pressures
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Table 2 Chemical composition of raw material
Content (%, @)

R terial

awmatenal =90 Ca0O o, Fe,0s  ALO,
Magnesite 47.36 0.5 51.74 0.32 0.08
Limestone 2.00 52.0 45.64 0.20 0.36

% 3 ERFIM S
Table 3 Chemical composition of ferrosilicon
Element Si Fe Al P S Ca C
Content (%, @)  75.1 22326 155 0.038 0.019 0.95 0.017
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Fig.3 XRD pattern of magnesite
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Fig.6 Effect of temperature on Mg reduction rate
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Thermodynamic Analysis and Experimental Study on Reduction of Mg
from Magnesite with Ferrosilicon

GAO Feng'?, FENG Nai-xiang®, REN Bao-yi*?, SUN Huai-yu?

(1. Northeastern University, Material and Metallurgy Academy, Shenyang, Liaoning 110004, China;
2. College of Chemical Engineering, Shenyang Institute of Chemical Technology, Shenyang, Liaoning 110142, China)

Abstract: Based on thermodynamic analysis, the Gibbs free energy and critical temperature of deoxidization of MgO with ferrosilicon
were calculated. The analysis showed that the slagging reaction and vacuum could make critical temperature decrease from 3846 K to
1358 K below. Corresponding experimental result showed that Mg metal reduction rate of 94.42% was achieved under the conditions of
reduction temperature 1200 °‘C, 10.13 Pa vacuum, and reaction time 1 h in the reactor with a molar ratio of CaO to MgO of 1.4, and pure
metallic magnesium (98.36%) was prepared, the main compounds in the slag were Ca,SiO,4 and SiO,.
Key words: MgO; vacuum reduction; thermodynamic analysis; reduction temperature; reduction time



