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

Compound a/nm b/nm c/nm o s y Volume/nm®
Ca0-SiO2 0.6922 1.2011 1.9781 89.99 90.76 90.17 1.6446
Cao.978i0s3 0.6931 1.2075 1.9829 90.05 90.87 89.98 1.6595
Ca.04Si0;3 0.6949 1.2167 1.9828 90.12 91.13 89.97 1.6764
Cao.01Si0;3 0.6946 1.2204 1.9972 90.13 91.15 89.96 1.6931
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Fig. 2 Formation enthalpies of C/S with different calcium
deficiencies after geometric optimization
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Table 2

CaO-SiO: protocell after geometric optimization

Chemical population and bond length of

Bond Chemical population Length/nm
0.66 0.1597
O0—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—oO
—-0.06 0.2843
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Table 3  Chemical population and bond length of

Ca.97S10s after geometric optimization

Bond Chemical 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 JUTAGSS CaooaSiOs Mk 2247 Ji (A A K
Table 4  Chemical population and bond length of

Ca0.04S10;5 after geometric optimization

Bond Chemical population Length/nm
0.65 0.1599
O0—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—O
—0.06 0.2854

5 JUTHRAL)E CaooiSiOs HIAG A0 JE {H A K
Table 5  Chemical population and bond Ilength of

Cao.01Si0; after geometric optimization

Bond Chemical population Length/nm
0.64 0.1604
O0—Si
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. 4 Partial wave density of states of O 2p and Si 3p orbitals in CS with different calcium deficiencies after geometry
optimization: (a) CaO-SiOz; (b) Cao.97Si0s3; (c) Ca094Si03; (d) Cao1SiOs
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Fig. 5 Charge distribution of CS system with different calcium deficiencies after geometry optimization: (a) CaO-SiOz;

(b) Ca0.97Si03; (c) Ca0.04Si03; (d) Caos1SiOs3



3630 o [E A 48 20214E12 H
3 @i ieEMIRIEIeE : e—Cs
. AT Dk s . . y . e C/S=0.91
AT BUEEL A R HERAYE, BLArHT4E CaCOs 1 R R
1 SiOx AEEL, #F C/S 43N 1.004 0.97. 0.94 K .
0.91 MERLE TR OERAEFIRS 3 h, HIRT . ?
Y J& VR i B B4R GERE, T e C/$=0.94
ZJEHIRHESI R EAAN 2 om MIE, HCE A S MLJJ . 8 oh% w5 5o

WMNFEEAN 1700 X BB, 5845 4 h, #fR
CaO-SiOx WAERL, & PR X i 4 fiT i (XRD)
SR RS . B = O E A E KB B,
TE= i B2 B b e DR B, e 27
BN FE (LA NaO 11)Ne=72.90 /L BRbgik g
(VA NayO 1) Nc=53.44 g/L. BALERIRE N 76.47 g/L
ESIRENIA W . A RPIEE N 80 Ty MK
[]2A 30 min. VR LR 10:1. bRl 32 k47 id
U, DR HOK RS R, b A Ak
I3 VTR R FHRERH 2 L e = Sio, IR .
CaO-SiO; K12 v H A R A -

_ Psio, % V

mXxWsio,

x100% )

A pgo, NI ZSAMEERIEZ, o/Ls VN
WSARL Ly m ARMYIRE, g wgo, RN
Wik —E SR, %.

Kl 6 FrosAERE &M~ E U C/S 737l
0.91~1.00 F=#)*) XRD . HE 6 Al%0, &rIY
I CS, &R CS MRIRFFAAL . ANFESRELL
CS TERRRANE I M s R 7 B IWEL 7
AT, HESEEEGH 1.00 FREE] 0.91 B, CS fE£ARR
VAT TP I RN 4.51%3 55 4.81%, FEES
JRFEARE G, CS Mo fRZAE RGO, 108
HARE G, Bk, #EkkEN 0~0.09 B, CS
ZMHET Ca JRTFRIERKIERASAL, FERIALZ
FaoE N, AT S RELEE AR L. (H AR e T
FEAAIMR FEAN K, 78 SR 251244 1 nTod 24 AR
C/S.

4 g
1) FERELE 0~0.09 YLl N, BE% Ca JiTHk

KIEHIEZ, CS Mdfs S bl kS ARG AT
B0, CS MZHIA AN IS, R AR,

. . . C/$=1.00
w - * * e 0 * e
10 20 30 40 50 60 70 80

20/(°)
6 AFFHEE CaO-SiO2 f i) XRD i
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Structural stability simulation of
Ca0-SiO; crystal with calcium deficiency

ZHU Mi-mi'2, PAN Xiao-lin"2, WU Hong-fei 2, YU Hai-yan'-2

(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 C/S of 0.91-1.00 was carried out. The lattice parameters, formation enthalpy,
population, bond length, state density and differential charge density were calculated by CASTEP modular. The
amount of calcium deficiency ranges 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
Ca0-SiO2 compounds were synthesized when the C/S are 1.00, 0.97, 0.94 and 0.91, respectively, and their
decomposition rates in sodium aluminate solution increase with the Ca atom deficiency increasing, which is
consistent with the structural stability simulation.

Key words: CaO-SiOz; calcium deficiency; crystal structure; stability; computer simulation
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