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Table 1 Chemical composition of silicon slag and lead slag Yo

SRR $i0, FeO, Ca0 AL O, K,0 Na, 0 MgO Zn0 oA
il 72.53 — 16. 00 11.02 — — — — <0.20
ik 33.06 33.54 15.71 5.02 2.96 2.42 2.13 1. 47 <1.00
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Fig.3 XRD pattern of silicon slag and lead slag
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Table 2 EDS analysis results of silicon slag

TE R % ik L/ % FRUERE
0 0.51 25.98 Si0,
Al 0. 09 10.33 AL, 0,
Si 0.52 63. 69 Sio,
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Fig.4 SEM micrographs of the silicon slag
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Fe,Si.Fe,Siy, i FFEW (1) ~ (7). #£ Fe-Si 2Si + Fe, 0, =3Fe +2Si0, (2)
TILRG T, FeSi FeSi, \Fe;Si j& = MNEE R FRE Si +2Fe0 =2Fe + Si0, (3)
FETERIAR , ot FeSi & Fe —Si /R R P AEI T i Si + Fe =FeSi (4)
R BUAH R E 15— DA I e 4 2Si + Fe =FeSi, (5)
LRI FesSiy B /N7 i R Y S AR S5 4, 76 % Si +3Fe —Fe,Si (6)
IR N EARENE™ . Fe,Si I Fey Siy #5HA I 3Si + 5Fe =Fe, Si, (7)
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Table 3 Thermodynamic parameters of Si

Cp/ H/ S/ G/
/K
(J’ K emol ") (kJemol™")  (J:K™')  (kJemol™")

298. 00 19.99 0. 00 18. 82 -5.61
400. 00 22.15 2.16 25.03 -7.85
600. 00 24.16 6.81 34.45 -13.85
800. 00 25.36 11.77 41.57 -21.48
1.000. 00 26. 33 16. 94 47.33 -30.39
1 200. 00 27.21 22.30 52.21 -40.36
1 400. 00 28.04 27.82 56.47 -51.23
1 600. 00 28.86 33.51 60. 27 -62.91
1 685. 00 27.20 86. 19 91.57 -68.10
1 800. 00 27.20 89.32 93.36 -78.74
2000. 00 27.20 94.76 96. 23 -97.70
2200. 00 27.20 100. 19 98. 82 -117.21
2400. 00 27.20 105. 63 101.19  -137.21

B AN HSC Bt S niy (3) #7315, FTIF 4K
4, & “ Reaction Equations” L3, #y Ak 2 S W 7
Fe3X, fiili “Balance Equation” F ZilCFT5fE. #HiX
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A 298 ~2 400 K, J5EE[H]BF Ry 100 K, AR E
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B, I ER 25 R B R B FT M L s AG Fi K IR BE ARG &R
x4 SON(1) ~ (1) FEAFERREE T B35 0 A HAEZE (AG)
Table 4 Gibbs free energy change (AG) of reaction (1) ~ (11) at different temperatures
/K (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11)
298. 00 -361.23 -350.27 -368.11 -78.43 -39.2 -94.6 -83.11 -8.93 582. 14 240. 38 98. 08
398. 00 -361.12 -349.09 -363.53 -78.28 -38.72 -95.06 -83.73 -9.61 545. 83 227.73 81.55
498. 00 -360.68 —-347.47 -358.47 -78.08 -38.19 —-95.83 -84.41 -10.23 509. 41 215.04 65.24
598. 00 -360 -345.55 -353.16 -77.82 -37.59 -96. 56 -85.1 -10.78 473.08 202. 38 49. 18
698. 00 -359.15 -343.36 -347.74 -77.47 -36.93 -97.13 -85.76 -11.26 436. 95 189.79 33.35
798. 00 -358.19 -340.89 -342.35 -77.03 -36.2 -97.81 -86. 36 -11.64 401. 08 177.29 17.72
898. 00 -357.21 -338.16 -337.14 -76.48 -35.39 -99.04 -86. 85 -11.92 365. 55 164. 89 2.28
998. 00 -356.18 -335.41 -332.15 -75.79 -34.5 -100. 34 -87.16 -12.06 330.27 152. 58 -13
1098.00 -355.29 —-332.87 -327.48 -74.91 -33.5 -101. 15 -87.22 -12.02 295.22 140. 34 -28.15
1198.00 -354.67 -330.62 -323.14 -73.92 -32.43 -101.79 -87.12 -11.87 260. 52 128. 21 -43.18
1298.00 -354.16 -328.51 -318.92 -72.85 -31.32 -102.52 -86.93 -11.64 225.99 116. 13 -58.11
1398.00 -353.61 -326.38 -314.63 -71.81 -30.21 -103. 62 -86. 83 -11.45 191. 62 104. 11 -72.96
1498.00 -353.05 -324.26 -310.28 —-70. 81 -29.13 -104.7 —-86. 82 -11.31 157. 42 92. 14 -87.74
1598.00 -352.46 -322.14 -305.86 -69. 85 -28.06 —-105. 06 -86.9 -11.21 123. 36 80. 21 -102. 46
1698.00 -351.46 -319.63 —-299.56 -69.19 -26.63 -103. 31 —-86. 69 -11.81 89. 04 67.93 -117.07
1798.00 -347.97 -314.64 -289.23 -69.5 -22.6 -95.64 —83.88 -15.98 52.27 53. 11 —134. 46
1898.00 -342.61 -309.65 -280.2 -69.23 -18.28 -81.16 -80. 04 -19.57 15. 64 38.32 -151.85
1998.00 -336.95 -302.18 -271. 4 -68.92 -13.93 -59.62 -76.09 -23.11 -20.85 23.59 -169.24
2098.00 -331.76 -295.22 -263.1 —68. 66 -9.61 -29.17 -72.22 -26.7 -56.74 9. 06 —186. 62
2198.00 -326.62 -288.3 -254.86  -68.45 -5.33 12.51 -68.42 -30.34 -92.46 -5.41 -204
2298. 00 -321.5 -281.42 -246.67 -68.29 -1.1 67.99 -64.71 -34.02 -128.03 -19.83 -221.37
2398.00 -316.43 -274.59 -238.54 -68.18 3.09 139.97 -61.1 -37.75 -163. 44 -34.2 -238.74
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i TR, AG B/ T 0, YW AE 298 ~2 400 K 2
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INF T3 = F RN, FRos OB (6) (7)) B &K HATH)
FREE T 2 B Fe,Si 1 Fe, Siy A4 A2 5 . 7RI
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e IEERT 1700 K i, R (4) AG LT 14
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WK, FaRMET 1700 K A9 5 BE X FeSi, |
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Table 5 Chemical equilibrium constant (lgK) of reaction (1) ~ (11) at different temperatures
/K (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11)
298. 00 63.32 61.4 64.53 13.75 6. 87 16. 58 14.57 1.57 -102.05 -42.14 -17.19
398. 00 47.4 45. 82 47.71 10. 27 5.08 12. 48 10.99 1.26 -71.64 -29.89 -10.7
498. 00 37.83 36. 45 37.6 8.19 4.01 10. 05 8.85 1.07 -53.44 -22.56 -6.84
598. 00 31.45 30. 19 30. 85 6.8 3.28 8.43 7.43 0.94 -41.33 -17.68 -4.3
698. 00 26. 88 25.7 26. 03 5.8 2.76 7.27 6.42 0.84 -32.7 -14.2 -2.5
798. 00 23.45 22.32 22.41 5.04 2.37 6.4 5.65 0.76 —-26.26 -11.61 -1.16
898. 00 20.78 19. 67 19. 61 4. 45 2.06 5.76 5.05 0. 69 -21.27 -9.59 -0.13
998. 00 18. 64 17.56 17.39 3.97 1. 81 5.25 4.56 0. 63 -17.29 -7.99 0. 68
1 098. 00 16.9 15. 84 15.58 3.56 1.59 4. 81 4.15 0.57 -14.05 —-6.68 1.34
1 198. 00 15. 47 14.42 14. 09 3.22 1. 41 4.44 3.8 0.52 -11.36 -5.59 1. 88
1298. 00 14.25 13.22 12. 84 2.93 1.26 4.13 3.5 0.47 -9.1 -4.67 2.34
1398. 00 13.21 12.2 11.76 2. 68 1.13 3.87 3.24 0.43 -7.16 -3.89 2.73
1 498. 00 12. 31 11.31 10. 82 2.47 1.02 3.65 3.03 0.39 -5.49 -3.21 3.06
1 598. 00 11.52 10. 53 10 2.28 0.92 3.43 2.84 0.37 -4.03 -2.62 3.35
1 698. 00 10. 81 9.83 9.22 2.13 0.82 3.18 2.67 0.36 -2.74 -2.09 3.6
1798. 00 10. 11 9.14 8.4 2.02 0. 66 2.78 2.44 0. 46 -1.52 -1.54 3.91
1 898. 00 9.43 8.52 7.71 1.91 0.5 2.23 2.2 0.54 -0.43 -1.05 4.18
1 998. 00 8. 81 7.9 7.1 1.8 0.36 1.56 1.99 0.6 0.55 -0.62 4.42
2 098. 00 8.26 7.35 6.55 1.71 0.24 0.73 1.8 0. 66 1. 41 -0.23 4. 65
2 198. 00 7.76 6. 85 6. 06 1.63 0.13 -0.3 1.63 0.72 2.2 0.13 4.85
2298. 00 7.31 6.4 5.61 1.55 0.02 -1.55 1.47 0.77 2.91 0.45 5.03
2 398. 00 6. 89 5.98 5.2 1. 49 -0.07 -3.05 1.33 0. 82 3.56 0.74 5.2
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Table 6 Formulation of silicon slag and lead

slag mixtures %

A
Y4 Si0, Fe,05  CaO  ALO;  Hifh
A T 1 A

S1 60.00 40.00 57.01 12.99 16.02 8.72 <5.50

52 50.00 50.00 53.13 16.24 16.04 8.14 <6.50
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Thermodynamic analysis and verification of ferrosilicon alloy

prepared based on silica slag and lead slag
GUO Junwei'?, WANG Zhaojia'®, WANG Linjun'?, LIU Lei"’
(1. Beijing Building Materials Academy of Sciences Research, Beijing 100041, China;

2. State Key Laboratory of Solid Waste Resource Utilization and Energy Saving Building Materials, Beijing 100041, China)

Abstract; The resource utilization of silica slag and lead slag has problems such as complex recovery process and

low utilization rate of valuable resources. However, the market demand for ferrosilicon alloy is large, and the

research on the preparation of ferrosilicon alloy by lead slag has not been reported. In this paper, based on the

analysis of the composition and phase of silica slag and lead slag, the thermodynamic analysis of the possible

reactions was carried out by Gibbs free energy function method and HSC Chemistry software, and the preparation of

ferrosilicon alloy was carried out according to the analysis results, and the following main conclusions were
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obtained ;. The reaction of silicon with iron oxide to produce iron, the reaction of silicon with iron to produce FeSi,
FeSi,, Fe, Si, Fes Siy, and the reaction of silicon carbide with iron to produce FeSi could be carried out
spontaneously within 298 ~2 400 K, but the reaction limit decreased with the increase of temperature. The ease of
ferrosilicon generation is Fe;Si > FeSiy > FeSi > FeSi,. The reaction between C and SiO, and the reaction between
SiC and SiO,could not be carried out in the forward directionwhen the temperature was lower than 1900 K. Through
the experimental process of mixing-melting-water crushing-ball milling-screening, ferrosilicon containing Fe,Si, Fes
Si; and other phases can be prepared, which proved that the synergistic preparation of ferrosilicon by silica slag and
lead slag was completely feasible, which provided a new idea for the resource utilization of the two waste slags.
Key words: silica slag; lead slag; ferrosilicon preparation; thermodynamic analysis; solid waste consumption;
comprehensive utilization of resources
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