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Aggregation mechanism in formation of spindle CaCOs particles.
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Particle shape is a decisive factor for physical and chemical properties of powder. Therefore, control
of particle morphology is an important technique to develop advanced functional materials made in
powder processes. Many studies have been carried out in order to control the morphology of CaCOs,
because CaCOs is one of representative powders which were required the suitable morphological
control. In this study, we tried to investigate the formation mechanism of spindle CaCO3 which were
assumed as a aggregate of primary particles.

Zeta potential was below 20mV during the present carbonation. It indicated that the primary
particles tended to aggregate. In Monte Carlo simulation, a model of the primary particle is cubic with
the heterogeneous charge distribution, and the spindle shape cluster was formed by aggregation of the
primary particles. It can be concluded that the surface charge distribution and the primary particles
shape were decisive factors to control the morphology of CaCOs. The results of Molecular Dynamics
simulation in several systems of solution/crystal interface indicate that CaCOs primary particles
aggregate unidirectionally and formed spindle CaCOs particles.
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Fig. 1 Experimental apparatus.
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Fig.2 Surface charge distribution of primary
particles.
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Fig.3 Basic cell used for MD simulation.
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Table 1 Calculation condition in MC simulation

Mean diameter [nm] 43
Zeta potential [mV] 9.098
Debye length [nm] 2.678
Particle size distribution [-] 0.12
Temperature [K] 300

(a) Aggregated particles
(spherical).

(b) Aggregated particles
(cubic).

Fig. 9 The final form of CaCOs clusters
calculated by MC simulation.
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Table 2 Structural properties of calcite,
compared to ref. 13

reference present
calc. exp. research
a [Al 4.908 4988  4.983
c [A] 17.493  17.061  17.044
C-0 [A] 1.278 1.280 1.302
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Fig. 10 Density profiles of H;O molecules between each crystal surfaces.
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Table 3 Location of the water layers parallel to the xy plane

Layer Range of z [nm]
number (00DCa (001)CO;3 (100) (104)
1st 1.80-2.01 1.48-1.90 1.61-1.95 2.94-3.04
2nd 2.01-2.22 1.90-2.14 1.95-2.18 3.04-3.16
3rd 2.22-2.40 2.14-2.34 2.18-2.42 3.16-3.41
4th 2.40-2.63 2.34-2.63 2.42-2.87 3.41-3.73
5th 2.63-2.96 2.63-2.86 2.87-3.08 3.73-3.90
central 3.18-3.72 3.06-3.49 3.08-3.63 4.18-4.70
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Fig. 11 Orientational distributions of water
dipole moment on several CaCOjs surfaces.
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Fig. 12 Tllustration of water orientations in the 1st and 2nd layer on (001)Ca and (104) surface.
The dotted lines indicate the hydrogen bond.
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