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Calcium carbonate is an extremely versatile filler and pigment that is utilized in a wide 
variety of products including paper, plastics, rubber and pharmaceuticals. Such a variety of 
applications requires CaCO3 to have different physical and chemical properties, among which 
particle size, specific surface area, morphology and surface characteristics are the most 
important. Advanced applications of CaCO3 are related to the production of stable 
homogeneous nanoparticles. However, the incompatibility of mineral hydrophilic surface 
with the hydrophobic polymers is particular problem. Therefore, the surface of CaCO3 is 
often modified by variety of surfactants, among which fatty acids are most commonly used. 
At industrial scale the most widely used method to obtain CaCO3 is the carbonation route, 
which consists of bubbling CO2 gas through an aqueous slurry of a Ca(OH)2 suspension in a 
batch process. By using a semicontinuous carbonation process it is possible to adjust the 
supersaturation and to control the morphology and size of precipitated CaCO3 [1, 2, 3].  
 
In this work, we studied the formation of hydrophobic, nanometric, CaCO3 in the presence of 
sodium stearate, NaS. The semicontinuous process has been explored at 20 °C, 
supersaturations corresponding to conductivities of κ25 = 1.0 mS cm-1 and 7.0 mS cm-1 and at 
different initial flow rate of Ca(OH)2 suspension at the beginning of the process (Fig. 1). Gas 
mixture, 20% CO2/80% N2 (Messer) was introduced at constant flow rate, Q = 1 dm3 min-1. 
NaS was added during the slaking stage of quick lime, CaO, so the mass ratio mNaS/mCaO was 
varied from 0.0 to 22.5 %.  
 
Fig. 2 shows typical TEM images of obtained CaCO3. At κ25 = 1.0 mS cm-1 rhombohedral 
crystals of calcite were produced, with the mean particle size, dm ≈ 0.7 μm (a), while at κ25 = 
7.0 mS cm-1 calcite nanoparticles were produced, with the mean particle size, dm ≈ 30 nm (b). 
Under the same conductivity κ25 = 7.0, but applying a slow addition of Ca(OH)2 suspension 
(Qmax(Ca(OH)2 = 40 cm3 min-1) during the set-point adjustment at the beginning of the 
process micrometric scalenohedral calcite crystals were obtained (Fig. 2c). FT-IR spectrum of 
PCC exhibited not only the peaks specific to calcite, but also characteristic absorbance peaks 
at 2930 cm−1 and 2850 cm−1, which are assigned as the asymmetrical and symmetrical C-H 
stretching vibrations of alkyl group, respectively. This confirms the presence of NaS on the 
surface of PCC. Furthermore, intensities of the peaks belonging to the alkyl group of stearate 
increases with the increase of mNaS/mCaO, thus indicating the increase of NaS amount adsorbed 
on the surface of PCC. Specific surface area increases with increasing mass ratio NaS/CaO. 
CaCO3 with the highest specific surface area of s = 52,84 g m-2 was obtained at κ25 = 7.0 mS 
cm-1 and NaS/CaO= 2.0 %. The contact angle of the modified calcite increases with the 
increase of mass ratio NaS/CaO (Fig. 3). At mNaS/mCaO = 22.5 % the contact angle was 129.1 
°, which showed that CaCO3 nanoparticles were of good hydrophobic property.  
 
The results showed the decisive role of the excess of suspended Ca(OH)2 on the formation of 
the CaCO3 nanoparticles. Furthermore, NaS does not only change the surface properties of 
CaCO3 but also influence the crystal nucleation and/or crystal growth of CaCO3. 

 



 
Fig. 1. Typical progress curves of κ25 during the process of carbonation performed at (a) κ25 = 

1.0 and 7.0 mS cm-1 and (b) κ25 = 7.0 mS cm-1 applying a slow addition of Ca(OH)2 during 
the set-point adjustment.  

 
 

 

 
 
Fig. 2. Typical TEM images of obtained CaCO3: (a) rhombohedral, (b) nanoparticles and (c) 
scalenohedral. 
 
 
 

 
 
Fig. 3. The contact angle images of CaCO3 nanoparticles obtained at different mass ratio mNaS 
/ mCaO: (a) 0 %, (b) 3 % and (c) 22.5 %. 
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