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Abstract

We report a scalable production process of mesoporous calcium carbonate with calcite
and/or vaterite phase. Here the effect of fatty acids (butanoic acid, octanoic acid, and
decanoic acid) addition on the particle properties such as particle shape, crystal phase,
and specific surface area was investigated. In our process, two types of mesoporous
particles with difference in the particle shape and crystal phase were mainly obtained. It
was found that the fatty acid controlled the self-assembly pathway of colloidal calcium
carbonate. The particle shape and crystal phase depended on the additive amount of
fatty acid. When the fatty acid was added in small amount to the colloidal dispersion,
crystal phase of mesoporous calcium carbonate was calcite. While, adequate or excess
addition of the fatty acids was favorable to form vaterite phase. We have proposed the

possible mechanism for formation of mesoporous calcium carbonate.

Keywords: calcium carbonate, nanoparticles, fatty acid, self-assembly
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Fig. 1 (a) Transparent supernatant after centrifugation, (b) result of DLS size of which
median diameter is 7.6 nm, and (c) state of dispersion after aging.

10



T. Oiso et al.

ZakJ Xl@,eg8 -

Fig. 2 Typical SEM images of particles by adding several amount of butanoic acid.
The scale bar is 1 um
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(@) O: Calcite T

@ : Vaterite -

Intensity [-]

Fig. 3 XRD patterns of obtained particles. Additional amount of butanoic acid was 0, 1,

5, and 15 wt%, respectively from the top.
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Stage 1 : Transformation from ACC to Vaterite

’ Anhydration a

ACC(CaCO;+H,0) Vaterite

Stage 2 : Transformation from Vaterite to Calcite
Dissolution

&
a Recrystallization .

Vaterite Calcite

Fig. 4 The mechanism of particle formation in water solution.
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(a) No additive or less additive
(b) Adequate or excess additive

. Calcium carbonate particle

O_

? :Fatty acid (Q: hydrophilic group, | : hydrophobic group)

Fig. 5 The mechanism of mesoporous particle formation with fatty acid, (a) is no

additive or less additive, and (b) is adequate or excess additive in solution.
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No additive

Decanoic acid 20 wt%

Transmittance

ZZOOIZOIOO: 18IOO. 16I00. 1;4IOO. 1200 ; , ;
4000 3500 3000 2500 2000 1500 1000
Wavenumber [cm™']

Fig. 6 FT-IR spectra of mesoporous calcium carbonate with no additive (upper) and

with decanoic acid 20 wt% (lower). Inset figure is magnified.

Fig. 7 Water repellent effect of mesoporous calcium carbonate with no additive (left)

and with decanoic acid 20 wt% (right).
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Fig.8 Relationship between the additive amount and the ratio of vaterite.
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Table
Table 1 Particle properties at several amount of fatty acid
Fatty acid Amount Amount of Ratio of Specific Mean Pore
of additive vaterite surface area pore size Volume
additive [mmol]
[Wt%] [-] [m?/g] [nm ] [cm’/g]
1 0.136 0.21+£0.15 154.2+72.1 15.949.0 0.454+0.032
2 0.284 0.36£0.20 144.8+55.9 14.1+5.6 0.434+0.052
. 5 0.715 0.88+£0.02 142.7+75.2 9.7+4 .4 0.263+0.084
Butanoic
acid 10 1.52 1.0 146.5+£70.1 7.4+3.7 0.205+0.056
15 2.41 1.0 191.0+8.9 5.9+£1.2 0.280+0.047
20 3.41 1.0 194.5+4.9 8.2+0.5 0.400+0.027
1 0.0832 0.24+0.05 158.1+54.8 16.548.9 0.532+£0.045
2 0.173 0.37+0.06 201.2+16.1 9.6+0.6 0.478+0.010
. 5 0.437 0.94+0.04 153.8+34.2 8.2+2.9 0.308+0.050
Octanoic
acid 10 0.929 0.99+£0.01 155.9+£22.3 5.8+0.7 0.221+0.017
15 1.47 1.0 166.1+11.4 6.4+0.4 0.266+0.016
20 2.08 1.0 1 184.8+4.7 6.3+£0.4 0.291+0.012
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2

] 5
Decanoic

acid 10

15

20

0.0697
0.145
0.366
0.778
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Table 2 Amount of fatty acid and ratio of coating

Fatty acid Amount of fatty acid to Ratio of
prepare vaterite only [mmol] coating
[%]

Butanoic acid 1.52 76.4~ 101
(C4)

Octanoic acid 1.47 73.9~98.0
(C8)

Decanoic acid 1.23 61.8~82.0
(C10)




