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Abstract: Limestone is an abundant natural resource in Indonesia that can be utilized to synthesize 

PCC (precipitated calcium carbonate). This study aimed to modify the PCC surface using Sodium 

Tripolyphosphate (NaTPP) and Sodium Stearic (Sodium stearic) as the modifier. PCC was successfully 

synthesized using the caustic soda method. Firstly, limestone was calcined at 900°C, the solid powder 

was immersed into 6M of HNO3, and 1 M of Na2CO3 was added to the mixture. The PCC in this study 

was modified with Sodium Tripolyphosphate and Sodium Stearic; then, the solid powders were 

characterized by XRD, FTIR, and Water Contact Angle (WCA). Based on the results of the AAS 

characterization, limestone contains 45.87% of calcium carbonate, and PCC-NaTPP contains 80% of 

calcium carbonate. Characterization using contact angle resulted in a contact angle of 128° at PCC-

NaTPP with the addition of 4% Sodium stearic and a reaction temperature of 60°C. Characterization 

using FTIR marked the phosphate functional group from the addition of NaTPP and the C=O functional 

group caused by fatty acids from sodium stearic. XRD pattern of PCC represents the successful 

transformation from the dolomite phase to calcite, which refers to the CaCO3 structure. Then, the higher 

contact angle obtained with sodium stearic modification leads to the lower surface free energy.  
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1. Introduction 

The existence of limestone in Indonesia as a mineral resource is very abundant; the 

amount is estimated to be around 2,160 billion tons. The deposits are known to be spread over 

various islands such as Sumatra, Java, Nusa Tenggara, Sulawesi, Papua, and other islands in 

Indonesia. In the industrial sector, limestone and its derivate products have been widely used 

in various fields, such as an additive in the metal smelting industry, both ferrous and non-

ferrous and the glass industry; filler material in the manufacture of rubber, plastic, cardboard, 

paint, toothpaste, and other products [1-2]. Limestone can also be used as a source for the 

synthesis of calcium carbonate (CaCO3) [3]. 
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Calcium carbonate is available in two forms: soil calcium carbonate (GCC), which is 

produced through the grinding process of calcium carbonate mining, such as marble and 

limestone, and precipitated calcium carbonate (PCC) is produced through carbonation or a 

special precipitation process [4]. PCC can also be synthesized from limestone by three 

methods: carbonation [5], caustic soda [6], and Solvay [7]. Azkiyah et al. [6] successfully 

synthesized PCC with the caustic soda method; it starts from the calcination process to 

transform limestone to form CaO. Then, CaO powder dissolved in water to form Ca(OH)2, 

which is then reacted with Na2CO3 to form CaCO3 (PCC) [8–10] 

PCC synthesis can have different morphology by varying several process parameters 

such as temperature, total dissolved calcium concentration, CO2 flow rate, the mass 

concentration of Ca(OH)2, and the rate of Ca(OH)2 addition [7,11,12]. Research on the 

morphological control of CaCO3 has been actively sought. The hydrophilic characteristics can 

be formed by the increase in the atomization of the PCC powder; it can also increase the 

diffusion energy on the PCC surface, which can cause low dispersion and agglomeration when 

mixed in an organic polymer matrix. Therefore, the use of PCC as a filler material may 

experience limitations due to its irregular surface and low adhesive force. The surface 

modification of PCC hydrophobic was carried out to overcome this problem by modifying the 

physical properties by transforming the surface properties to increase the solubility of the 

polymer matrix and reduce the surface tension. Its purpose is to improve the physical 

properties, mechanical performance, thermal resistance, or dispersibility [11–13] 

Hydrophobic PCC has many benefits in industrial applications. Hydrophobic PCC has 

superior properties as a filler for paper, mortar, and concrete. Hydrophobic PCC can be made 

using oleic acid, stearic acid, or dodecanoic acid (long-chain fatty acid group) [5, 14]. Stearic 

acid is a surfactant to make hydrophobic PCC [15–17]. The synthesis of PCC nanoparticles 

using stearic acid obtained better dispersion properties and helped improve the mechanical 

properties of the polymer. 

In addition, sodium stearic (Na-stearic) can be used as a surfactant to make hydrophobic 

PCC[18]. Tran et al. [18] reported that the contact angle increased significantly with Na-stearic 

content of 0.3-5%. Tang et al. [19] reported that the increasing concentration of sodium stearic 

could increase the hydrophobicity of the material due to the higher amount of stearic molecule, 

which can be adsorbed on the material's surface. On the other hand, Wang et al. [20] found that 

temperature affects the interaction between organic substrates and CaCO3, an increase of the 

active ratio as the temperature increases, thereby increasing the hydrophobicity. This study 

aims to observe the effect of the stearic molecule on the surface properties of CaCO3 derived 

from Indonesian limestone with some parameters such as reaction time, concentration, and 

reaction temperature, as well as its effects on the surface properties of PCC. 

2. Materials and Methods 

2.1. Materials. 

The limestone was collected from Tuban, East Java Province, Indonesia. The other 

materials used in this work were HNO3 (Aldrich, 70%), Na2CO3 (Aldrich, 99.5%), Sodium 

Tripolyphosphate (Merck, 85%), and Sodium Stearic (Aldrich, 99%).  
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2.2. Preparation of limestone. 

Firstly, the limestone is ground and crushed. After that, the limestone was sieved with 

a 150-mesh sieve. Fine powder of limestone was calcined at 900°C for 30 minutes. Then, the 

lime powder was destroyed by aqua regia and followed by an AAS measurement to determine 

the Ca content. 

2.3. Synthesis of precipitated calcium carbonate(PCC) using caustic soda method. 

CaO from limestone samples was used as a calcium precursor, and Na2CO3 was used 

as a carbonate precursor. Initially, limestone samples were reacted with distilled water to 

produce a Ca(OH)2Ca(OH)2 suspension suspension, and 6.02M of HNO3 was added. This was 

followed by adding 1M Na2CO3 to form CaCO3. At this stage, 1M Na2CO3 was added to the 

Ca2+ solution until it reached pH 8. The precipitated calcium carbonate (PCC) was then washed 

with distilled water until the pH was neutral. After that, the PCC was filtered and dried at 100°C 

for 4 hours. The mechanism of the reaction was shown in equations 1-3. 

CaO(s) + H2O(l) → Ca(OH)2(s)                                                           (1) 

Ca(OH)2(s)+ 2HNO3(aq) → Ca(NO3)2(aq) + H2O                                (2) 

Ca(NO3)2(aq) + Na2CO3(aq) → CaCO3(s) + 2NaNO3(aq)                      (3) 

2.4. Surface modification of PCC using NaTPP. 

11.2 grams of calcined lime was added with 200 mL of distilled water. The mixture was 

then added with 40mL of 6M HNO3 solution while stirring at a stirring speed of 700rpm, which 

was carried out in a fume hood accompanied by heating at 65°C for 30 minutes. The mixture 

was then filtered, and the filtrate obtained was added with 4mL of 1% sodium tripolyphosphate. 

After that, 1M Na2CO3 was added to pH 8-9 while stirring at 350rpm for 60 minutes. Then, the 

powder was dried at 100°C for 4 hours. 

2.5. Effect of reaction time. 

The dried PCC-modified NaTPP (PCC-NaTPP) was taken 1g and added into sodium 

stearic with variations of 1.5, 2, 2.5, 3, and 3.5%. It was stirred at 200rpm for different reaction 

times, such as 15, 30, 45, 60, and 75 minutes. After that, the mixture was added with 20mL of 

distilled water and filtered to separate the precipitated powder. The resulting precipitate powder 

was dried at 100°C for 4 hours. The solid powder was characterized using Contact Angle 

Analysis (CAA), XRD PANalytical type X’Pert3, FTIR Shimadzu 84000S, and Particle Size 

Analyzer Cilas 1090. For the contact angle analysis, the fine powder was pressed to form a 

pellet; then characterized using CAA. 

2.6. Effect of sodium stearic concentration and reaction temperature. 

1 gram of PCC-NaTPP was mixed into 100mL of distilled. The mixture was then added 

with sodium stearic with various concentrations (3; 3,5; 4; 4,5; and 5%); it was stirred at 

200rpm and reacted with temperature variations (25, 40, 60, 80, and 100°C) for 45 minutes. 

The precipitate obtained was filtered and dried at 100°C for 4 hours. After that, the precipitate 

was characterized by CAA.  
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2.7. Determination of surface free energy. 

After the contact angle data obtained by this experiment, the surface free energy was 

also determined using the Young equation, which established:  

sl = s - l cos                                                          (4) 

sl = s + l – 2(s.l)1//2                                              (5) 

From the equations of (4) and (5), it can form equation (6) as follow : 

s = l (1+cos)2/4                                                      (6) 

Where  is the contact angle value, sl is interfacial free energy between solid and liquid, 

l  is the surface free energy of liquid. In this work, we used water as a liquid; its value is 72.8 

mJ/m2, then s is surface free energy from a solid. 

3. Results and Discussion 

3.1. Ca content in natural limestone. 

AAS was measured to determine the percentage of calcium ions and the percentage of 

calcium carbonate contained in limestone. This measurement used a wavelength of Ca 

422.7nm. Based on the results of this measurement, the calcium content was 18.35%, and 

calcium carbonate was 45.87%. In PCC-NaTPP, the calcium content was 32.055%, and the 

calcium carbonate was 80%. 

3.2. XRD characterization. 

The results of the diffractogram spectra from this characterization are shown in Figure 

1. The crystal phase of the limestone samples analyzed is dolomite. The dolomite structure 

represented by 2 theta of 30.95, 33.54, 37.37, 41.14, 44.94, 50.93, and 51.07° which is suitable 

with JCPDS PDF no. 96-151-7791 (CaMgC2O6 or Dolomite) The dolomite was successfully 

transformed to be another phase after PCC synthesis. In Figure 1, the crystalline phases of PCC 

are identified in the form of calcite at 2 theta of 23.16, 29.56, 36.13, 39.59, 43.34, 47.77, 48.76, 

and 57.65°. It was suitable for JCPDS PDF no 96-900-9669 (calcite). Calcite represents the 

structure of CaCO3. The crystal size of PCC calculated using modified Scherrer equations 

obtained a crystal size of 48.53nm. Its size is smaller than the result reported by Tran [18]; the 

crystal size was 65nm. 

3.3. FTIR characterization. 

The FTIR spectra of the synthesized and modified PCC samples are presented in Figure 

2. The interpretation data of the wavenumber is presented in Table 1. The FTIR spectrum of 

the PCC sample with the addition of NaTPP has three strong peaks at wavenumbers such as 

1424.79cm-1, 875.69cm-1, and 714.53cm-1, which indicate the presence of vibrations from the 

carbonate functional group. At a wavenumber of 3442.87cm-1, a wide and weak peak is caused 

by the presence of the O-H functional group. The vibration of 1799.88cm-1 represents the 

presence of C=O from carbonate. Another functional group at a wave number of 1086.77cm-1 

indicates the presence of a phosphate group from the addition of NaTPP.  
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Figure 1. XRD Pattern of Indonesia’s Limestone and PCC-NaTPP-Sodium stearic.  

 
Figure 2. FTIR spectra of PCC-NaTPP and PCC-NaTPP-Sodium Stearic. 

Table 1. Interpretation of FTIR Spectra. 

Wavenumber (cm-1) Molecular 

Vibration PCC-NaTPP PCC- NaTPP-Sodium stearic 

3442.87 3450.01 O-H 

- 2919.46 C-H 

- 2851.00 C-C 

2520.12 2520,12 C-C 

1798.45 1799.88 C=O 

1424.79 1473.28 C-O 

1086.77 1082.49 P=O 

875.69 874.27 C-O 

714.53 713.11 C-O 

FTIR spectrum of the PCC-NaTPP with the addition of sodium stearic has a new peak 

that appears compared to PCC-NaTPP, at the peak of 2851cm-1, indicating the presence of 

symmetrical and asymmetrical vibration of C-C, which means sodium stearic has been 

adsorbed or grafted on the CaCO3 surface. At the peak of 1473.28cm-1, there is a shift in the 

peak of the IR spectrum, which indicates the chemical absorption of sodium stearic on the PCC 

surface. The molecular vibration at 1473.28, 874.27, and 713.11cm-1 showed the presence of a 

carbonate group from PCC. At wavenumbers 3450.01cm-1, 2919.46cm-1, and 2851.00cm-1, the 

presence of functional groups O-H, C-H, and C-C, respectively, was found. It exhibits the 

presence of ionized carboxylic acid functional groups from the addition of sodium stearic. At 

the wavenumber of 1082.49cm-1, a phosphate functional group was found from the addition of 
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NaTPP. At a wavenumber of 1799.88cm-1, it represents the C=O functional group caused by 

the presence of fatty acids from sodium stearic. This indicated that the PCC surface 

modification with the addition of NaTPP and sodium stearic was successful. 

3.4. Effect of reaction time on surface properties. 

Figure 3 shows the effect of reaction time on the contact angle of PCC-NaTPP-Sodium 

Stearic. PCC-NaTPP with 3.5% sodium stearate produced the largest contact angle value 

(87.9°), close to 90°. Based on Figure 3, the increasing reaction time increases the contact angle 

from 70.2° to 87.9° and decreases slowly to 72.7°. Increasing the reaction time conditioned 

sodium stearic to be adsorbed onto the PCC surface. However, if the reaction time is extended 

continuously, the contact angle will decrease because the solution has reached a saturated state 

[21–23]. At 45 minutes of reaction time, the contact angle on the PCC surface reached the 

optimum value and slowly decreased when the reaction time was 60 and 75 minutes. The 

droplet water on PCC-NaTPP-sodium stearic was shown in Figure 4; the reaction time of 15, 

30, 45, 60, and 75 minutes was denoted as A, B, C, D, and E, respectively. Then, the sodium 

stearic concentrations of 1.5, 2, 2.5, 3, and 3.5% were denoted as codes of 1, 2, 3, 4, and 5, 

respectively. 

 
Figure 3. The effect of reaction time on the contact angle of PCC-NaTPP-Sodium Stearic.  

 
Figure 4. Droplet water of PCC-NaTPP-Sodium Stearic with different reaction times. 
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Surface free energy (SFE) was determined in this study as follows Young equation. As 

can be seen in Figure 5, the sodium stearic concentration of 3.5% obtained the lower surface 

free energy in all reaction times. It can be influenced by the amount of stearic molecule 

successfully adsorbed or grafted on the surface PCC-NaTPP, then it obtained the higher contact 

angle compared to other samples. Contact angle directly influenced SFE value; the higher 

contact angle leads to decreased surface free energy.  

 
Figure 5. Surface free energy of PCC-NaTPP-Sodium Stearic with different reaction times. 

3.5. Effect of sodium stearic concentration on surface properties. 

This research was conducted to determine the effect of sodium stearic concentration on 

the hydrophobic properties of PCC. Therefore, the contact angle measurement was carried out 

to determine the hydrophobicity of the modified PCC. In this study, 5 variations of sodium 

stearic concentration and 5 variations of reaction temperature were carried out to obtain 25 

contact angles data; in addition, measuring the contact angle for PCC with sodium 

tripolyphosphate modifier as a control obtained a contact angle of 9.3°. 

The surface properties of a sample can be concluded to be hydrophobic if it has a contact 

angle above 90° and superhydrophobic if it has a contact angle above 150° [24]. PCC contact 

angle without the addition of sodium stearic, the sample's surface is still hydrophilic because it 

produces a contact angle below 90°. 

The effect of surfactant concentration on hydrophobicity has been widely developed, 

one of them by Liang et al. [25]. In his research, the contact angle increased with the addition 

of sodium stearic concentration. Another study by Ukrainczyk et al. [26] found that adding 

sodium stearic concentration will increase the contact angle. In this study, the sample's surface 

has been coated with stearic ions. In Figure 6, the Sodium stearic concentration of 3% 

significantly impacts the surface properties' transformation. Then, the concentration of 4% 

Sodium Stearic with a reaction temperature of 60°C became the optimum condition in this 

study because it produced the largest contact angle with a contact angle of 128°. These results 

follow the research conducted by Wang et al. [20] with the optimal temperature of 60°C. The 

decrease in temperature above 90°C can be caused by the surface roughness of the sample, 

which considerably influences decreasing the contact angle. 
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In the concentration range of 3.5 - 4%, there was a sharp increase in the contact angle 

up to a reaction temperature of 60°C, which was followed by a decrease in the contact angle at 

80 and 100°C. At a concentration of 4.5%, the increase of contact angle occurs in a narrow 

range up to a temperature of 40°C and tends to be constant up to a temperature of 60°C, then 

decreases at a temperature of 80 and 100°C. 

 
Figure 6. The effect of sodium stearic contraction on the contact angle of PCC-NaTPP-Sodium Stearic. 

At a concentration of 5%, the increase of contact angle only occurs until the reaction 

temperature is 40 °C and decreases at the above temperature. Shin et al. [15] mentioned that 

excessive use of surfactants will cause the formation of a bilayer and the presence of free acid 

molecules, reducing the value of the contact angle. The contact angle can be influenced by 

several factors, such as chemical structure [27], surface smoothness [28], pores filled with 

water [16], and the presence of impurities [29,30]. The droplet water on PCC-NaTPP-sodium 

stearic with different concentrations is shown in Table 2.  

Another surface parameter that is important to observation is surface free energy. The 

surface free energy (SFE) result is shown in Figure 7. The SFE has an opposite trend with the 

contact angle. The higher the contact angle obtained, the lower the surface free energy of the 

materials. As shown in Figure 7, the higher concentration of sodium stearic as a modifier 

obtained a lower surface free energy; conversely, the lower concentration of sodium stearic 

obtained a higher surface free energy.   

 
Figure 7. Surface free energy PCC-NaTPP-Sodium Stearic with different concentrations. 
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Table 2. The water droplets on the surface PCC-NaTPP-Sodium Stearic with different concentrations. 

Temperature 

(°C) 3 % 3.5 % 4 % 4.5 % 5 % 

25 

     

40 

     

60 

     

80 

     

100 

     

3.6. Particle size measurement. 

The effect of reaction time on the particle size of PCC-NaTPP-sodium stearic was 

obtained based on analysis with PSA. PSA allows each particle to be analyzed, so t it can ensure 

the distribution of particles with high precision. PSA was carried out on 3.5% PCC-NaTPP-

sodium stearic with variations in reaction time (15-75 minutes). In Table 3, it can be seen that 

the measurement results of the 3.5% PCC-NaTPP-sodium stearic sample for the variation in 

reaction time were that the largest diameter size is owned by PCC-NaTPP-sodium stearic 3.5% 

with a reaction time of 60 minutes, at 10% diameter of 1.91µm. , at 50% diameter of 11.50µm 

and 90% diameter of 23.34µm. The smallest particle diameter size was owned by PCC-NaTPP-

sodium stearic 3.5% with a reaction time of 15 minutes, at 10% diameter of 1.21µm, at 50% 

diameter of 6.02µm, and 90% diameter of 21.00µm. These data show that the reaction time has 

a correlation that is directly proportional to the particle diameter size, where the longer the 

reaction time, the larger the diameter of the resulting particle. The longer reaction time leads 

to an increase in particle growth with a narrow size distribution so that more modifiers adhere 

and cause a large size. However, when the reaction time was longer than 60 min, the particle 

diameter was not larger than 12.58µm. 

Table 3. The particle size measurement result. 

Reaction time 

(minutes) 

Diameter of 

10% (µm) 

Diameter of 

50% (µm) 

Diameter of 

90% (µm) 

Average 

diameter (µm) 

15 1.21 6.02 21.00 9.41 

30 1.27 7.15 21.35 9.92 

45 1.36 8.29 21.44 10.36 

60 1.91 11.50 24.34 12.58 

75 1.76 10.09 21.80 11.22 
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4. Conclusions 

PCC was successfully synthesized using the caustic soda method from Indonesia 

limestone, and its surface can be transformed into hydrophobic using NaTPP and sodium 

stearic as a modifier. Based on the diffractogram, the PCC has a calcite phase, representing the 

formation of CaCO3. Then, the FTIR spectrum of PCC-NaTPP-sodium stearic confirmed the 

presence of C-C and C-H vibration at 2,851 and 2,919.46cm-1, which indicates stearic 

molecules, it can be concluded that the stearic molecules were successfully adsorbed/grafted 

on the surface of PCC. The highest contact angle of PCC modification is 128° for PCC-NaTPP 

with the addition of 4% Sodium stearic and a reaction temperature of 60°C. The higher the 

contact angle obtained, the lower the surface free energy of materials. 

   
(a) (b) (c) 

  
(d) (e) 

Figure 8. Histogram PSA of PCC-NaTPP-sodium stearic with the concentration of 3.5% at different reaction 

times: (a) 15; (b) 30; (c) 45; (d) 60; (e) 75 minutes. 
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