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2Ca0-MgO(s)+Si(s)=2Mg(g)+Ca, SiO4(s) (1)

EPVEIAEE L Z22 = 2 ENKROAE 7 RIBEZIL, EHEERKRESAT, Hjf~mig
JIT e MBERER LN 5.77 tee (CFLHRERRAEF=BEREN 1.27 tee, HAERENT 20%LA 1) W51, & HLfg4R TN 3.75
0, BAE 2011 4F, ERKBEMEER R RAN GG AR b, CHBREIy « PRI
BiH. 2022 4F 11 H, T AEEAE. BEFXKRMBCER RS ASHEM=IIREG AR (At
JEAT VARV ST 7 2 ) R K S e e T2 ER UG . Rk, FRREBSA I T2 I REFE 2 5
BAT WV S OB T R FEH A 2 B o BEAL, H5 BRI AR Y S B A 7 A5 50 A T SR i B rh Rk 2k i A
U RS IR 60% LA E o R ONIE JFR h E S N e SRR, AR TP TR S TR Y
FCHEERAR (LA 75"RERR o), BRSO RN RAE % 40 50%), FRAK TR ik & &, S8 S5
S S SR PRI FeE kb ek S 0, B SRR B B IR I R TR e R S L SR 2 8, qH
AHRL AR AR = RRAE NN A B 2 2 Er e INGE, RERR e L 20 S B o S e I Ak, A B3
JER A2 v iy R A ML 2 A 2 PATRAI F T RE AN A 38 I 3 B A g ok . DRI, H A R 7 Al 22 35F
PEH AR PR O BN 75 wt.% ) TSR AR PO B L 2008 55, ST B SRR, C6E
TR T PR L2 KR AR Bm Ry a kg . SIS R B 75 8k, SRR BA
TRAT M 23 0 R ) SRR T R 2 —

ARAT AL JF B E AT b TR 38 JE TR Bt 1 L. Rk R AR B B A By, B A
o B B AR V)BT A ek 7 V) Sk o S A 3 S 23 7 A 20%~30% 1 VT EIARFER), X SeRFE R IS A7
ETEDIRISR R, BI R H& BONRETR . RER MM N T RE, BRI I & A JE & SR 21001,

R AFEPRERE R R UTR S B

Table 1 Content of silicon and impurity elements in silicon sludge from different sources

Mass fraction/%

Component
Si (0] C B P Metallic impurities
1022 89.14 9.74 - - - 1.12
203] 88.01 11.1512 0.0057 0.0035 0.8296
304 93.3 6 - 0.0009 0.0025 0.6964

409 90.29 7.2 - 0.00002 0.0004 1.6412
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Table 2 Chemical components of silicon sludge, 75 ferrosilicon and dolime

Mass fraction/%

Component
Si (0] Ca Mg Al Mn Zn K Na Ni Fe Ti
Silicon sludge 93.88 6.03 - - - - 0.0009 - - 0.0056 0.0742 0.0113
75% ferrosilicon 75.7 - 0.445 - 1.452 0.083  0.0034 - - - 22.32

Dolime 0.36 33.12  41.69 23.44 0.2 0.02 0.01 0.58 0.21 - 0.35 0.04
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Fig.1 Schematic diagram of experimental apparatus for silicothermic process

KHBOCR B 47 2Bt (Scanning Electron Microscope; SEM). X HFZRATHAN (X-ray
diffraction, XRDOXSTEYR A 75 Lk APRLEE L TES0  UAR BEAT 2R AE : K FL3Z 3 #7538 ( Transmission Electron
Microscope, TEM). LA R O ik IR & BT RAE . FRIHVAR Ao, iR HARAG I 15
IR TR G AR AR 5Ok . R A HUBAR & 55 B 144 i (Inductively coupled plasma-Mass Spectrometry,

ICP-MS) X FH B4 fE BH 4T A o
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Fig. 2 Characteristics of silicon sludge and 75*ferrosilicon: (a)Particle size distribution and (c)SEM image of silicon sludge;

(b)Particle size distribution and (d)SEM image of 75*ferrosilicon; (e) XRD pattern; (f) TEM image of silicon sludge.
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Fig. 3 (a) Drying time and (b) oxygen conten of silicon sludge at different heating temperature

ANTER BE R T R R SR B R 3-b s, FEVR VIR S BN 6.03%, IR EZAKT 200 °C
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Si(s)+2H,0(1)=Si0,(s)+2H,(g) (3)
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Fig. 4 Effect of (a) drying processes and (b) pelletizing pressure on conversion of silicothermic process
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Fig. 5 Microscopic schematic of silicothermic process
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Fig. 6 (a) Morphology and (b) impurity content of crown magnesium produced by different reductants
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Abstract: Currently, the reductant used in silicothermic process of magnesium production is
ferrosilicon, its production energy consumption account for nearly a quarter of the total energy
consumption of the entire process, and its cost accounts for more than 60% of the total raw material
cost. So it is urgent to seek new low-energy and low-cost reductant to help the magnesium production
process develop in a green and efficient direction. In this work, the idea of replacing ferrosilicon with
photovoltaic solid waste silicon sludge as a reductant is proposed, and its feasibility is proved through
experimental verification and cost accounting. The dried silicon sludge and 75" ferrosilicon were
respectively tested as reductant in the silicothermic process of magnesium production. The results
show that the silicon sludge has a higher elemental silicon content and particle size much smaller than
75% ferrosilicon, which makes the conversion of silicon sludge as a reductant increase by more than
5%, and the crown magnesium impurities prepared are only 40%-80% of 75% ferrosilicon. Using
silicon sludge instead of 75 ferrosilicon to produce magnesium, the cost of reductant per ton of crown
magnesium can be reduced by more than 1000 yuan, and with the decline of magnesium consumption
per ton of other raw materials and the improvement of magnesium quality, it brings significant
economic benefits to production enterprises.
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