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ARBEMEHTRM(S1) M AGCIHEZER
REL, ERBTFT,RE(SH) FERERE
1600°C A fE# AT, AT, B FRETYPHSHE
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Table 1 The calculated Gibbs free energy changes for the reaction(S1)

a A,G/K] - mol™
BE/T 4,6/ - mol 10*Pa 10°Pa 100Pa 10Pa 1Pa
800 188.38 147.06 105.98 64.90 23.82 -17.26
900 162. 68 117.51 72.60 27.69 -17.22 -62.14
1000 136.44 87.42 38.68 -10.06 -58.80 -107.54
1100 110.24 57.37 4.80 ~47.76 -~100. 33 -152.90
1200 84.07 27.35 -29.05 -85.44 ~141. 84 -198.24
1300 57.91 -2.66 -62.89 -123.12 -183.34 -243.57
1400 31.73 -32.69 -96.74 -160. 80 -224.85 -288.91
1500 7.66 -60. 61 -128.50 -196. 38 -264.26 -332.15
1600 -16.38 -88.50 -160.21 -231.92 -303.63 ~375.35
1700 -40.39 -116.36 ~191.90 -267.44 -342.98 -418.53
1800 -64.37 -144.20 -223.57 -302.94 -382.31 -461.68
22 BRZRELR AG =46 +3lmn(ﬁi) (7)
D& R4EE BN, RS &0 T BRALE T P,
AR R AL E RPN (A2) R R 730 B HEERL AT /R R
3Mg0+2A1—AlL0,+3Mg(g) 1 (A1) AGr=A G 43 Rﬂn(f_ﬁ) (8)
4MgO+2A1—MgAL0,+3Mg(g) 1 (A2) TR TS P,

(A1) BRI A4 B s AL AT AR«
A,G(Al)=A,G(()AI)+RTln[(ﬂ£) :#‘3_2_] (6)
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Table 2 The calculated Gibbs free energy changes for the reaction( A1)

I A,6/k] + mol™
/T 4,6°/KJ - mol 10°Pa 10°Pa 100Pa 10Pa 1Pa
800 201. 68 139.70 78.06 16.43 —45.20 -106. 83
900 171.27 103.51 36.13 -31.24 -98.62 ~165.99
1000 141.10 67.57 -5.55 -78.67 -151.79 -224.91
1100 111.16 31.85 —47.01 -125.87 -204.73 -283.59
1200 81.44 -3.65 -88.26 ~172.86 -257.47 -342.07
1300 51.91 -~38.96 -129.30 -219. 65 -310.00 -400.35
1400 22.56 ~74.08 -170.17 -266.26 -362.35 —458. 44
1500 -6.60 -109.02 -210.85 -312.68 ~414.52 -516.35
1600 -35.60 -143.79 -251.36 -358.94 ~466. 52 -574.10
1700 -64.43 -178.39 -291.71 -405. 03 -518.36 -651. 68
1800 -93.10 -212.84 -331.90 -450.97 -570.03 -689.09

ARBEMENT R (A2) B A,CHELSR  HEHREE 10Pa B, KM (A2) 7ER K ZE 800C
R#FE3, ERET, KA (A2)BLHTHERER  BA#HT,
ik 1500°C, HRBE T, REMEEREN, A, C FBER.
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Table 3 The calculated Gibbs free energy changes for the reaction( A2)

A,G/k] - mol™
/kJ + mol™ ’
BT 467K - oo 10*Pa 10°Pa 100Pa 10Pa 1Pa
800 187.91 125.92 64.29 2.66 -58.98 -120. 61
900 157.22 89.46 22.09 -45.29 -112. 67 -180.04
1000 126.76 53.22 ~19.90 -93.01 ~166.13 -239.25
1100 96.49 17.18 -61.68 -140.54 ~219.40 -298.26
1200 66.40 -18.68 -103.29 -187.89 =272.50 =357.10
1300 36.47 -54.40 -144.74 -235.09 -325.44 ~-415.79
1400 6.67 -89.97 ~186.06 -282.15 ~378.24 -474.33
1500 -23.01 -125.42 -227.26 -329.09 -430.92 ~532.76
1600 -52.57 -160.76 -268.34 ~375.92 ~-483.49 -591.07
1700 ~82.04 -196.01 =309.33 —422.65 -535.97 ~649.29
1800 ~111.41 -231.16 -350.22 -469. 28 -588.35 -707.41
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MgO0.C E%%ﬁfﬁ'ﬂﬁﬁbﬂ(aw=l,ac=l)o : A,C(cz)=A,C(()cz)+RTln[4/27(}To) ] (14)
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Table 4 The calculated Gibbs free energy changes for the reaction(Cl1)

- A,G/K]. mol™
BE/T AG/ - mol 10*Pa 10°Pa 100Pa 10Pa 1Pa
800 306.07 252.38 211.30 170.22 129. 14 88.05
900 " 276.12 217.43 172.52 127.61 82.70 37.79
1000 246.34 182.65 133.91 85.17 36.43 -12.31
1100 216.72 148.03 95.46 42.89 -9.68 -62.24
1200 187.26 113.56 57.16 0.76 -55.63 -112.03
1300 157.93 79.23 19.01 -41.22 -101.45 -161.67
1400 128.75 45.04 -19.01 -83.07 -147.12 -211.18
1500 99. 69 10.98 ~56.90 -124.78 -192.67 -260.55
1600 70.76 -22.95 -94.66 -166.37 -238.08 -309.79
1700 41.96 -56.75 -132.29 -207.83 -283.38 -358.92
1800 13.28 -90.44 -169. 81 -249.18 -328.55 -407.92

ARBREMES T RE(C2)H ACHAEER
RES, BRERET, HRNLRE R 1800CH,
BE(C2) AR BEm A AT, RERERES A, G BRI,

S SR ZE 10Pa B, 2B (C2) 7E 1R BE MK £ 1400
T AT,
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Table 5 The calculated Gibbs free energy changes for the reaction( C2)

o A,G/k} « mol™
BE/T 4,6/ + mol 10*Pa 10°Pa 100Pa 10Pa 1Pa

800 629.66 550. 64 489.01 427.37 365.74 304. 11
900 587.18 500.80 433.42 366.05 298.67 231.30
1000 544.95 451.21 378.09 304.97 231.85 158.73
1100 502.95 401.84 322.08 244.12 165.26 86. 40
1200 461.17 352.70 268.09 183.49 98.88 14.28
1300 419.60 303.76 213.41 123.06 32.7 -57.63
1400 378.22 255.02 158.93 62.84 -33.25 -129.34
1500 337.04 206.47 104.64 2.80 -99.03 -200.86
1600 296. 04 158. 11 50.53 -57.05 -164.62 -272.20
1700 255.22 109.92 -3.40 ~116.72 -230.04 -343.36
1800 214.57 61.92 _57.15 -176.21 -295.27 —414.34
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BBEIR (B C1) , #432 IR T B i 85 40 5 BB
#EX7 29. 99x 10°k], 3T A 4R HEHE 2. 50, Fl f2 1T 36 4
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Table 6 The calculated resources and energies consumption as well as wastes discharges

for the different magnesium production processes

K MEERH WY RE fNIAEERE  MAfTRIEEFE BAERE  mHiEARVE MESEVTE eEEETEE
Wit SR/t /C /k]J  mol™ /k] - mol” /kJ-mol”! MEN BN HEBU
Ca0 - Mg0/ Ca0 - Mg0O/ Bk 4. 2T
(D 4.4 EEE%/0.86 521 1200 40 03 RE8/29.89 469.52 73547 1.33 6.60 €O, :3.46t
MgO/1.84 Mg0/57. 58 BkBEE:1.66
(A1) A0, 82 2.66 1200 AL/45. 99 517.88  782.61 0.93 3.59 €0, :2.42
Mg0/2.46 MgO/57.58 Bk 2. 19
(A2) AVO. 73 3.19 1200 AL/45. 99 508.50  830.80  0.98 4.17 €0, :2. 55
Bk :0.24
(ct) Mg0/1.84 2.39 1500 Mg0/73.76 613.72  717.36  2.50 4.89 €0,:6.50
C0.55 C/29.88
CO:1.15
Mg0/1. 84 Mg0/73.76 Bk #% 0. 21
(c2) /0.7 2.11 1500 /29,88 1065.64  1243.04  2.16 4.27 €0, :6.53
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Thermodynamic Analysis and Processing Evaluation of Magnesium

Preparation by Thermal Reduction Method
LIU Yu-qin,MA Hong-wen,DENG Peng,JIANG Yun
(School of Materials Science and Technelogy , China University of Geosciences, Beijing, China)

Abstract: China is the largest producer of magnesium in the world. The vacuum-thermal reduction method is the
main one for the preparation of magnesium. In this paper,the Gibbs free energy changes for the reaction in the Pid-
geon process , aluminothermic reduction of magnesia and carbothermic reduction of magnesia were calculated over at
different temperatures and pressures. The consumption of resources and energies, the discharges of the greenhouse
gas and solid wastes,the environmental compatibility of the three thermal reduction processes were studied. It was
revealed that aluminothermic reduction of magnesia offers advantages of the lower resource and energy consumption
as well as lower discharges of greenhouse gas and solid waste. A potential technique for the clean utilization of the
dolomite is the separation of the magnesia component and calcia component to obtain magnesia and calcium carbon-
ate, followed by the thermal reduction of magnesia to obtain magnesium.

Key words; Magnesium metallurgy ; Thermal reduction ; Reaction thermodynamics ; Process evaluation



