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Table 1 Lattice parameters and cell volume of CS with different calcium deficiency after geometry optimization

Compound a/nm b/nm c/nm o b y Volume/nm®
Ca0-Si0, 0.6922 1.2011 1.9781 89.99 90.76 90.17 1.6446
Cay97S10; 0.6931 1.2075 1.9829 90.05 90.87 89.98 1.6595
Ca94510; 0.6949 1.2167 1.9828 90.12 91.13 89.97 1.6764
Cay;Si0; 0.6946 1.2204 1.9972 90.13 91.15 89.96 1.6931
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Fig. 2 Formation enthalpies of CS with different calcium
deficiency after geometric optimization
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Table 2

Ca0-SiO, protocell after geometric optimization

Chemical population and bond length of

Bond Population Length/nm
0.66 0.1597
0—Si
0.44 0.1672
0.16 0.2292
0.15 0.2326
O0——Ca
0.08 0.2577
0.03 0.2584
—-0.10 0.2598
0—O0
—0.06 0.2843
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Table 3  Chemical population and bond length of

Cay 75105 after geometric optimization

Bond Population Length/nm
0.65 0.1595
O0—Si
0.44 0.1673
0.16 0.2293
0.14 0.2324
O0——Ca
0.08 0.2576
0.03 0.2586
—-0.10 0.2605
0—0
—-0.06 0.2845

R4 JUTPALIE CagosSiOs FIMZ AT fi S A
Table 4  Chemical population and bond Ilength of

Cay 945105 after geometric optimization

Bond Population Length/nm

0.65 0.1599

0—Si
0.43 0.1679
0.16 0.2294
0.14 0.2327

O0——Ca
0.07 0.2583
0.03 0.2590
—-0.09 0.2662

0—0O
—-0.06 0.2854
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Table 5  Chemical population and bond length of

Cag9,S10; after geometric optimization

Bond Population Length/nm
. 0.64 0.1604
0-Si1
0.43 0.1681
0.15 0.2301
0.14 0.2329
0-—Ca
0.07 0.2599
0.03 0.2591
—-0.09 0.2672
0-0
—0.06 0.2863
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Fig. 3 Density of states of CS system with different calcium deficiency after geometric optimization: (a) CaO-SiO,; (b)

Cay975103; (c) CaesSiOs; (d) Cago,Si0;
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Structural stability simulation of CaO-SiO, crystal with
calcium deficiency

ZHU Mi-mi"?, PAN Xiao-lin"?, WU Hong-fei"?, YU Hai-yan"’

(1.Key Laboratory for Ecological Metallurgy of Multimetallic Mineral (Ministry of Education),
Northeastern University, Shenyang 110819, China;
2. School of Metallurgy, Northeastern University, Shenyang 110819, China)

Abstract: In order to simulate the crystal defects of CaO-SiO, caused by Ca atom deficiency, the geometry
optimization of CaO-SiO, with the Ca/Si molar ratio from 0.91 to 1.00 was carried out via Materials Studio. The
lattice parameters, formation enthalpy, population, bond length, state density and differential charge density were
calculated by CASTEP modular. The amount of calcium deficiency ranged from 0 to 0.09, as the Ca atom
deficiency increases, the lattice parameters, volume and formation enthalpy of CaO-SiO, crystal gradually increase,
the population values of O—Ca bonds decrease, the bond length increases, and the state density at Fermi level
increases, respectively. Meanwhile, the hybridization between O 2p and Si 3p is weakened and the pseudoenergy
gap becomes narrower. The local charge density and electron number of O and Si atoms decrease, which decreases
the stability of CaO-SiO, crystal. The CaO-SiO, compounds were synthesized when the Ca/Si molar ratio were
1.00, 0.97, 0.94 and 0.91, respectively, and their decomposition rates in sodium aluminate solution increase with
the increasing Ca atom deficiency, which is consistent with the structural stability simulation.

Key words: Ca0O-SiO,; calcium deficiency; crystal structure; stability; computer simulation
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