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Computer simulation of crystal stability of
12Ca0-7Al,0O; with calcium vacancy
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Abstract: The geometry optimization simulation of 12Ca0O-7Al,O; crystal with different calcium atom vacancies from 0
to 1 was performed by gradually decreasing calcium atoms based on the establishment of complete crystal structure with
Materials Studio software, the corresponding lattice parameters, free energy, chemical bond population bond length were
also calculated. The results show that the calcium atom vacancy has a significant effect on the stability of 12CaO-7AL,0;
crystal structure. The lattice parameter and the cell volume decrease while the free energy increases with the increase of
calcium atom vacancy in 12Ca0-7Al1,0;. The main bonds of 12Ca0-7Al,03 of are O—Ca, and the number of O—Ca
decreases from 4 to 3, and bond length increase when the calcium vacancy increases to 0.75 and 1.00, resulting in the
stability decrease of 12Ca0O-7Al,0;. The 12Ca0-7AL,05 crystals with calcium atom vacancies of 0, 0.50 and 1.00 were
synthesized respectively, and the decomposition rate of 12Ca0-7Al,0; in sodium carbonate solution increases as the
calcium vacancy increases, the crystal stability of which is in accordance with the computer simulation results.
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Table 1 Atomic coordinates of 12Ca0-7Al,05

Atom Number Valence Site x y z
Ca 1 +2 24d 0 0.250  0.140
Al 1 +3 l6c 0.019 0.019 0.019

2 +3 12b —-0.125 0 0.250
1 -2 48e 0.151 —0.037 0.057
O 2 -2 l6c —0.064 —0.064 —0.064
3 -2 24d 0 0.250  0.083
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Fig. 1 Model of 12Ca0-7Al,0; unit cell
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Fig. 2 Model of 12Ca0-7Al,0; primitive cell
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Table 3 Bond population and bond length of Ca;,_,Al4O3; at
x=0.25

Bond Population Length/nm
0—0 0.37 0.1274
0.52 0.1748
O0—Al 0.45 0.1762
0.42 0.1787
0.10 0.2334
0.06 0.2470
O0——Ca
0.13 0.2470
0.09 0.2497
—0.06 0.2760
—0.06 0.2761
0—0
—0.01 0.2932
—0.04 0.2934
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Table 4 Bond population and bond length of Ca;,_,Al4O3; at
x=0.50
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Table 6 Bond populations and bond length of Ca;,—,Al1403;3
at x=1.00

Bond Population Length/nm
0—0 0.37 0.128
0.52 0.1738
O0—Al 0.46 0.1761
0.42 0.1784
0.09 0.2339
0.05 0.2474
0—Ca
0.11 0.2479
0.09 0.2914
—0.06 0.276
—0.06 0.2761
0—0
—0.01 0.2932
—0.04 0.2934
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Table 5 Bond population and bond length of Ca;,_,Al403; at
x=0.75

Bond Population Length/nm

0—0 0.36 0.1281
0.53 0.1750
O0—Al 0.46 0.1763
0.41 0.1788
0.09 0.2340
O0—Ca 0.05 0.2475
0.10 0.2481
—0.06 0.2755
—0.05 0.2763

0—0
—0.01 0.2940
—0.04 0.2938
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Bond Population Length/nm

0—0 0.36 0.1282
0.52 0.1760

O0—Al 0.46 0.1764
0.43 0.1786

0.08 0.2342

O0—Ca 0.05 0.2477
0.10 0.2482

—0.05 0.2760

00 —0.06 0.2761
—0.02 0.2932

—0.04 0.2942
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Table 7 Decomposition results of 12Ca0-7A1,0; with

different Ca vacancies in sodium carbonate solution

Liquor . .
Ca ] 4 Solid composition/%
concentration/(g-L )
NK NT AO A1203 CaO
0 46.94 79.78  50.28 4.88 51.97
0.50 4585 7857 52.12 4.25 52.21

1.00 4490 7749 5470 3.56 52.39

vacancy

100

951

90

85

Decomposition rate/%

80
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7 Al Ca 7 12Ca0-TALO; TEBKER BAUF M HH (V) 73 il
Fig. 7 Decomposition rate of 12Ca0-7Al,0; with different

Ca vacancies in sodium carbonate solution
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