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Abstract: Crystallization behaviors of nickel carbonate in different solutions are investigated via atomistic

simulation technique. Simulation results show that the effect of hydration on the surface enables surface more

stable and morphology more regular. The interaction between SO,2~ and crystal surface is strong but SO2 has

little effect on the crystal morphology. Cl™ has relatively weaker interaction with the surface but makes the crystal

morphology irregular. Only dominant (104) face is expressed in each mentioned cases. The simulation results are

in good agreement with experiments.
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Table 1 Potential parameters used in this paper

Charges (e)

Core-shell interaction / (eV +nm™)

Ton Core Shell
Ni +2.000
C +1.135
0 (COs* and SO oxygen) +0.587 -1.632 50 740.00
Oy (water oxygen) +1.250 -2.050 2 0944.96
Hy (water hydrogen) +0.400
S +2.180
Cl +1.650 -2.65 5441.0
Buckingham potential
Ton-pair A eV p / nm C/ (eV+-nm°)
Ni-O 1103.38 0.026 661 0.0
Ni-Oy 844.69 0.026 661 0.0
0-0 16 372.0 0.0213 3.47x10°
0-Oy 12 533.6 0.021 3 1.209x10°
Hy-O 396.27 0.0230 0.0
Hy-Oy 396.27 0.025 0 1.00x10°
Cl-Cl 49 039.26 0.024 320 7 1.605x107
Cl-0 682 970 92.1 0.015 326 7 1.516x107
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Cl-Oy 11 000.124 0.027 8 2.60x10°
CI-Ni 2250.0 0.027 50 0.0
Cl-Hy, 368.15 0.015 0.0
Lennard-Jones potential
A’/ (eV+nm®) B/ (eV-nm°)
Oy-Oy 3.934 498x10°* 4.215x10°
Morse potential
D/ eV o/ nm™ o/ nm
Coore=Ou 4.71 38.0 0.118
Seore=Ocore 5.39 26.7 0.160
Hy-Oy 6.203 713 22.200 30 0.092 367
Hy-Hy 0.00 28.404 99 0.150
Three-body potential
ki / (eV+rad?) 0,/ (°)
0ue=C-O e 1.690 120.0
04a-5-041 5.50 109.5
Hy-Oy-Hy 4.199 78 108.693 195
Four-body potential
kg | eV 0,/ (°)
C-0r OO 0.112 90 180.0
Coulombic subtraction / %
Hy-Owl 50
Hy-Hy 50
S-0 0
C-0 0
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Table 2 Unrelaxed and relaxed unit cell parameters of NiCO;

a/ nm b/ nm ¢/ nm al(°) B/ v /(%)
Unrelaxed 0.460 9 0.460 9 147317 90 90 120
Relaxed 0.432 8 0.432 8 1.455 1 90 90 120
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Table 3 Surface energy and relative growth rate of dry nickel carbonate
(hkl) (104) (100) (110) (001)CO; (001)Ni (101)CO; (101)Ni
o/ (J-m? 0.821 6 1.3539 2.125 1 1.508 1 1.593 8 1.617 5 1.658 1
R 0.386 6 0.637 1 1 0.709 7 0.750 0 0.761 1 0.780 2
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Table 4 Surface energy and relative growth rate of hydrated nickel carbonate

(hkl) (104) (100) (110) (001)CO; (001)Ni (101)CO; (101)Ni
o'/ (J-m?) 04225 1.047 7 11315 0.704 5 13270 1.247 0 1.449 0
Rur 0.291 6 0.723 0 0.780 9 0.486 2 0.915 8 0.860 6 1
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Table 5 Effects of SO and CI- on wet nickel carbonate surfaces

SO ar
(hkl)
Eso,. . / (kJ-mol™) Rso, v Eow / (kJ-mol™) R e

(104) -4 236.332 0.180 3 457.777 0.240 3
(100) -4 303.883 0.292 1 327.333 0.499 8
(110) -4390.430 04728 337.325 0.638 8
(001)CO; -4 281.989 0.197 3 384.365 03382
(001)Ni -4 323.008 0.283 7 358.696 0.576 4
(101)CO; -4 378.622 0.5219 214.561 0.698 5
(101)Ni -4 418.737 0.464 8 308.143 0.735 5
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Fig.1 Morphologies of nickel carbonate under different simulated conditions
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