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Abstract. Polystyrene (PS) is widely used in industries like packaging and insulation, with calcium 
carbonate often incorporated as a filler to enhance mechanical properties. However, its potential in 
tuning surface and optical properties remains unexplored. This study addresses this gap by 
investigating the effects of dual modification, oleic acid for surface hydrophobicity and citric acid for 
controlled porosity, on PS-calcium carbonate composites. Calcium carbonate was surface-modified 
with oleic acid, and PS-calcium carbonate composites (40:60 weight ratio) were synthesized using 
the melt blending method, followed by citric acid treatment of the composites that resulted in up to 
8.90% weight loss in NPS3. X-ray diffraction (XRD) and Fourier transform infrared transform FTIR 
analyses confirmed no chemical interaction between phases but revealed partial dissolution of 
calcium carbonate due to citric acid treatment. Contact angle measurements showed increased 
hydrophilicity after citric acid treatment, while oleic acid imparted hydrophobicity, with NPS3 and 
TPS3 exhibiting higher contact angles than NPS2 and TPS2. SEM images revealed matrix cavities 
(up to 50 μm wide), especially in TPS3. Hardness testing showed a decrease in hardness with 
increasing oleic acid concentration, with TPS3 exhibiting the lowest value (60.7 Shore D). 
Photoluminescence measurements revealed broad emission spectra with a blue shift at lower oleic 
acid concentrations, while higher concentrations caused a red shift and broader emission, stabilized 
by citric acid treatment. Solvent absorption tests indicated enhanced absorption, with TPS3 absorbing 
33.10% vegetable oil and 20.80% of both hexane and diesel respectively. Overall, these modifications 
significantly tuned the composites’ mechanical, morphological, and optical properties, demonstrating 
potential for sensing applications. 

Introduction 
The development of advanced materials to meet the growing demands of modern industries has 

driven significant innovation in polymer composite design. Among polymers, polystyrene (PS) is 
widely utilized due to its affordability, versatility, and ease of processing, with applications spanning 
packaging, insulation, and engineering components. However, its inherent brittleness, limited impact 
resistance, and environmental persistence restrict its utility in high-performance and sustainable 
systems [1]. Addressing these challenges requires novel approaches that integrate innovative filler 
systems to enhance mechanical, thermal, and functional properties while improving environmental 
sustainability [2-4]. 
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Fillers play a pivotal role in defining the properties of polymer composites. Calcium carbonate, 

an abundant and cost-effective mineral, is a popular material for reinforcing polymer matrices. Its 

benefits include enhanced stiffness, thermal stability, and reduced shrinkage during polymer 

processing, all achieved while adhering to green chemistry principles by minimizing reliance on 

energy-intensive or environmentally harmful additives [5, 6]. PS-calcium carbonate composites offer 

a versatile platform for addressing industry-specific requirements. Research demonstrates that 

calcium carbonate improves tensile strength, flexural properties, and thermal stability in various 

polymer systems, including PS [7, 8]. However, incorporating untreated calcium carbonate into 

hydrophobic polymers like PS presents compatibility issues, such as poor dispersion and weak 

interfacial bonding, which hinder composite performance [9-11]. 
Surface modification of calcium carbonate is used to address polymer-filler compatibility 

challenges. The use of fatty acids like stearic and oleic acid as surface modifiers effectively imparts 

hydrophobicity to the calcium carbonate surface, promoting uniform dispersion within the polymer 

matrix and stronger interfacial adhesion [9, 12]. Many studies have shown the effectiveness of oleic 

acid as a surface modifier for enhancing hydrophobicity. For example, Dweiri et al. used it to modify 

calcium carbonate [13], while Wang et al. applied it to carbon nanotubes [14]. while Wang et al. 

applied it to carbon nanotubes [15], and Kawamura et al. used it for magnetic nanomaterials [16]. 

Surface modification of fillers also influences the mechanical toughness, elasticity, and processability 

of composites. It minimizes filler aggregation, promotes uniform stress distribution, and improves 

the structural integrity of the material [12]. While Fatty acids are commonly employed as surface 

modifiers to enhance compatibility in composites, strong acids are used to treat polymers, introducing 

hydrophilic functional groups that significantly increase their hydrophilicity [17]. 
Polymers are typically not inherently photoluminescent, but incorporating materials like carbon 

dots or rare-earth luminescent particles transforms them into versatile composites with enhanced 

optical properties. This integration expands their functionality, enabling applications in advanced 

optical systems, solid-state lighting, display technologies, and sensors for detecting physical and 

biochemical parameters through luminescent responses. However, many conventional luminescent 

agents are expensive, require complex processing, or pose environmental risks due to rare-earth metal 

accumulation [18-21]. 
This study explores how oleic acid modification and subsequent citric acid treatment influence 

the tunability of structural, morphological, and photoluminescent properties in PS-calcium carbonate 

composites. The composites, synthesized via melt blending, were characterized using XRD for 

structure, SEM for morphology, and Shore hardness testing. The research further investigated the 

synergistic effects of oleic acid-modified calcium carbonate and citric acid-induced porosity on the 

composites’ hydrophobicity, optical properties, and solvent adsorption for a better understanding of 

their potential for sustainable, high-performance applications. 

Materials and Methods 
Materials 

The materials used in this study include industrial-grade calcium carbonate (particle size: 10 µm, 

98% purity), pure polystyrene (PS) pellets (melt flow rate: 5 g/10 min, 99.5% purity), oleic acid    

(99% purity), citric acid (99% purity), ethanol (96% v/v), and distilled water. All chemicals were 

sourced from reputable suppliers and used without additional purification. 
Surface Modification of Calcium Carbonate with Oleic Acid 

Calcium carbonate was modified by oleic acid at varying concentrations (0%, 0.75%, and 2.50 % 

by weight). Oleic acid was dissolved in 100 mL of ethanol, and 100 g of calcium carbonate was added 

to this solution. The mixture was stirred continuously for 3 h at room temperature to ensure efficient 

adsorption of the oleic acid onto the calcium carbonate surface. Thereafter, the ethanol was 

evaporated at 70 °C while stirring for an additional 3 h to prevent particle agglomeration. The 

modified carbonates were ground and labeled based on the oleic acid concentration: C1 (0 % oleic 
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acid), C2 (0.75 % oleic acid), and C3 (2.50 % oleic acid), and then they were stored for subsequent 

composite preparation [22]. Wettability was assessed using a sessile drop contact angle test on a Drop 

Shape Analyzer (DSA30, Krüss). The contact angle was measured to quantify surface 

hydrophobicity, with higher angles indicating increased water repellency. 
Preparation of PS-Calcium Carbonate Composites 

The PS-calcium carbonate composites were fabricated by melt blending 60 wt% modified calcium 

carbonate with 40 wt% pure PS using a twin-screw extruder. Processing was conducted at 120 °C 

with a screw speed of 120 rpm for 10 minutes. The resulting extrudates were pressed into films and 

cut into standard test pieces. The composites were designated as NPS1, NPS2, and NPS3, based on 

the oleic acid-modified Calcium carbonate content. A control sample, comprising pure PS without 

Calcium carbonate, was processed under identical conditions and labeled as NPS [23]. The wettability 

of the samples was also assessed using a sessile drop contact angle test. 
Citric Acid Treatment of the Materials 

Each sample (NPS, NPS1, NPS2, and NPS3) was treated with 50 mL of 1 M citric acid solution 

for 48 h, followed by thorough rinsing with distilled water to remove residual acid. The samples were 

then dried at 35 °C for 12 h. The citric acid-treated composites were designated as TPS1, TPS2, and 

TPS3, while the treated pure PS was labeled as TPS. The weight loss due to citric acid treatment was 

calculated using Equation 1: 

Weight loss (%) =
𝑊1 −𝑊0

𝑊0
 × 100                      (1) 

where W0  and W1  represent the initial and final weights of the samples, respectively. 
Structure of the Composites 

X-ray diffraction (XRD) analysis was performed to examine the crystallographic structures of 

calcium carbonate and its composites. XRD patterns were recorded using a Malvern Panalytical 

Empyrean X-ray diffractometer with Cu Kα radiation (λ=1.5406 Å) over a 2θ range of 10° to 70°. 
Morphology of the Composites 

The morphology of the samples was analyzed using scanning electron microscopy (SEM) with a 

JEOL JSM 6610LV at 600x magnification. The attached Energy Dispersive X-ray Spectroscopy 

(EDS) was employed to assess the elemental composition, while surface roughness profiles were 

analyzed using Gwyddion software. 
Functional Groups 

Fourier transform infrared (FTIR) spectroscopy was used to examine the chemical interactions 

between PS, calcium carbonate, and the surface-modifying agents. Spectra were recorded using a 

PerkinElmer Spectrum Two FTIR spectrometer in the range of 4000 – 600 cm⁻¹ with the Attenuated 

Total Reflectance (ATR) method, providing insights into the functional groups and chemical bonding 

within the composites. 
Photoluminescence Spectroscopy 

The photoluminescence (PL) properties of the composites were measured using a Shimadzu      

RF-6000 spectrofluorophotometer, with excitation at wavelengths of 255 nm and 405 nm. 

Furthermore, NPS3 and TPS3 samples were subjected to 10 cycles of UV irradiation at 255 nm for 

5 minutes, followed by 1 h of darkness, as described by Abd El-Lateef et al. [24]. The emission peak 

intensity following each cycle was quantified as a percentage of their initial intensity to assess the 

stability of photoluminescence. 
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Shore Hardness 
The hardness of the PS-calcium carbonate composites was evaluated using a Shore D durometer 

following ASTM D2240 standards. Samples (50 mm × 50 mm × 2 mm) were tested at three random 

locations, and the average hardness value was recorded to assess the mechanical strength of the 

composites. 
Solvent Absorption Capacity 

The solvent absorption capacity of the composites was evaluated by immersing                                 

100 mm x 100 mm x 2 mm samples in various solvents (water, vegetable oil, n-hexane, and diesel) 

for 24 h. After immersion, the samples were removed, gently cleaned, and weighed to determine the 

change in mass. The absorption capacity was calculated using Equation 2: 

Absorption Capacity (%) =
𝑊1 − 𝑊0

𝑊0
 × 100                         (2) 

where W0 and W1 represent the initial and final weights of the samples, respectively. 

Statistical Analysis 

Experiments were carried out in triplicate, and the results are reported as mean values with their 

corresponding standard deviations. Statistical significance was evaluated using analysis of variance 

(ANOVA), complemented by Dunnett's multiple comparison test (p < 0.05). All statistical analyses 

were performed using GraphPad Prism 8 software. 

Results and Discussion 
Effect of Oleic Acid Treatment on the Wettability of Carbonate Fillers 

Fatty acid treatments, like oleic acid modification, are used to increase the hydrophobicity of 

fillers like calcium carbonate. This improves their dispersion in polymer matrices and reduces 

moisture absorption by altering the surface energy [25-27]. Fig. 1 shows the contact angle results of 

calcium carbonate treated with various oleic acid concentrations. While moderate oleic acid improved 

dispersion, excessive concentrations, as seen in C3 with a contact angle of 170.70°, cause 

agglomeration. The stronger hydrophobic interactions between particles led to clumping, which 

disrupted uniformity and reduced performance in the polymer matrix [28]. 

 
Fig. 1. Contact angles of the oleic acid-treated calcium carbonate. 

Citric Acid Treatment and Wettability of the Composites 
As shown in Table 1, negligible weight loss was observed in pure PS (NPS), indicating minimal 

structural impact. In contrast, composites (NPS1, NPS2, and NPS3) exhibited significantly higher 

weight losses (P < 0.0001), attributed to the increased porosity induced by citric acid treatment. These 

changes align with surface morphology modifications, highlighting the composites’ responsiveness 

to treatments and adsorption processes. Contact angle measurements (Fig. 2) further confirm the 

effect of citric acid treatment, with citric acid treated composites showing reduced contact angles and 

increased hydrophilicity. NPS3 and TPS3 exhibited higher contact angles than NPS2 and TPS2, 

respectively, emphasizing the hydrophobic nature imparted by the oleic acid compared to NPS1 and 

TPS1. While oleic acid introduces hydrophobicity, citric acid treatment remains the dominant factor 

in enhancing surface hydrophilicity. 

C2 
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Table 1. Filler composition and sample weight loss after citric acid treatment. 

Sample Filler Filler Oleic Acid 

treatment (wt%) 
Filler-to-

Polystyrene ratio 
Weight Loss after citric 

acid treatment (%) 
Equivalent citric 

acid-treated sample 
NPS -- -- 0:100 0.01 ± 0.01 TPS 

NPS1 C1 0.00 60:40 9.81 ± 0.34 TPS1 
NPS2 C2 0.75 60:40 9.75 ± 0.20 TPS2 
NPS3 C3 2.50 60:40 8.90 ± 0.25 TPS3 

 
Fig. 2. Contact angles of the PS-calcium carbonate composites. 

Structural Analysis 
The crystalline and amorphous characteristics of calcium carbonate fillers, PS, and their 

composites, as analyzed through x-ray diffraction, are shown in Fig. 3a and 3b. The diffraction 

patterns of modified calcium carbonate (Fig. 3a) matched ICDD card 01-070-0095, confirming a 

monoclinic crystalline structure with prominent peaks at 2θ = 29.73° (104), 36.31° (110),              

39.81° (113), and 43.57° (202) as has been reported in other studies [22]. In C2 and C3, oleic acid 

treatment reduced the intensity of these peaks due to lattice disruption and the formation of a 

hydrophobic coating, as also reported by similar studies [22, 29]. PS, including both untreated (NPS) 

and citric acid-treated (TPS), displayed its characteristic amorphous hump around 2θ = 19°, 

confirming its non-crystalline nature [30, 31]. 
The XRD patterns of PS-calcium carbonate composites (Fig. 3b) combined crystalline peaks from 

calcium carbonate with the amorphous hump of PS showing no chemical bonding evidence in the 

composites (NPS1, NPS2, NPS3), carbonate peaks dominated due to the higher intensity of the 

crystalline phase, overshadowing the amorphous PS peak. In citric acid-treated composites (TPS1, 

TPS2, TPS3), the calcium carbonate diffraction intensity decreased, attributed to its partial 

dissolution. The more pronounced PS hump in the citric acid-treated composites indicates that the 

polymer's structure remained intact after the treatment. Additionally, TPS3 exhibited stronger 

calcium carbonate peaks than TPS1, due to a higher surface coating of oleic acid in C3. 

 
Fig. 3. XRD spectra of (a) oleic acid-treated calcium carbonate and                                                 

(b) PS-calcium carbonate composites. 
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Functional Groups 

The Fourier transform infrared (FTIR) spectra presented in Fig. 4a and 4b confirmed the 

functional groups present in calcium carbonate, PS, and their composites. Calcium carbonate (C1) 

exhibited characteristic peaks at 1395, 1080, and 875 cm⁻¹, corresponding to the carbonate anion's 

asymmetric stretching, symmetric stretching, and out-of-plane bending vibrations, respectively  
[22, 28, 32]. Surface modification with oleic acid in C2 and C3 intensified the 1395 cm⁻¹ peak and 

introduced new peaks around 2850 – 2920 cm⁻¹, representing alkyl chains from oleic  acid [22]. Pure 

PS (NPS) displayed aromatic absorption bands, including C-H stretching at 3020 cm⁻¹, aliphatic  
C-H stretch around 2900 cm⁻¹, aromatic ring stretching at 1600 cm⁻¹, and out-of-plane bending near 

700 cm⁻¹ [33]. These peaks persisted in treated PS (TPS), with a slight increase in intensity in the  
700 cm⁻¹ region, suggesting enhanced surface activity due to acid treatment [17]. In untreated 

composites (NPS1, NPS2, NPS3), the absorption bands of PS and calcium carbonate overlapped. The 

carbonate peak at 1600 cm⁻¹ merged with the aromatic ring stretch, while the 875 cm⁻¹ peak remained 

prominent, indicating the coexistence of the polymer matrix and filler. These overlaps, along with the 

absence of new peaks, confirm interfacial interactions rather than chemical bonding [34]. Citric acid-

treated composites (TPS1, TPS2, TPS3) showed reduced intensities in carbonate peaks at 1395 and 

875 cm⁻¹, reflecting the partial dissolution of calcium carbonate. 

 
Fig. 4. FTIR spectra of (a) oleic acid-treated calcium carbonate, and                                                

(b) PS-calcium carbonate composites. 
Surface Morphology and Roughness Characteristics 

The SEM micrographs in Fig. 5a show the morphological changes before and after citric acid 

treatment. Pure PS (NPS) has a smooth surface, which remains largely unchanged after treatment 

(TPS), with only minor indentations likely due to surface artifacts similar to other studies [24]. In the 

composites, the addition of calcium carbonate introduced particles of varying sizes, up to 50 μm, 

dispersed throughout the polymer matrix. However, composites made with oleic acid-treated calcium 

carbonate (C3) in TPS3 exhibited large agglomerates, unlike TPS1, which used untreated calcium 

carbonate (C1). The large agglomerates of oleic acid-treated calcium carbonate filler created visible 

voids in TPS3, reducing its hardness compared to TPS1. Acid-treated composites (TPS1 and TPS3) 

displayed noticeable porosity, with irregular cavities resulting from the partial dissolution of calcium 

carbonate by citric acid. TPS3 showed larger dents, corresponding to the agglomerates, while TPS1 

had smaller, more uniform cavities. These SEM observations confirm that the oleic acid-treated filler 

and increased porosity in TPS3 contributed to the material's weaker structure but improved 

liquid adsorption. 
The surface roughness of the materials was analyzed using 3D images from the SEM micrographs 

(Fig. 5b), and the roughness parameters are shown in Table 2. Oleic acid and citric acid treatments 

influenced these properties. Untreated PS (NPS1) had a smooth surface with low roughness (RMS: 

95.1673 nm, Sa: 71.5328 nm), indicating a uniform surface. In untreated composites (NPS1 and 

NPS3), roughness increased due to filler content and subsequent particle agglomeration in NPS3, 
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which showed the highest RMS (294.5760 nm) and Sa (255.2710 nm). This agrees with the 

observation by Hayeemasae et al. that an increased calcium carbonate content enhances a composite's 

tensile strength [35] (Hayeemasae & Ismail, 2021). As the oleic acid concentration increased, 

agglomeration intensified, creating a rough surface with noticeable peaks. Citric acid treatment 

caused a slight increase in roughness in pure PS, likely due to surface artifacts. In contrast, citric acid-

treated composites (TPS1 and TPS3) had lower surface roughness than untreated ones, as citric acid 

dissolved some calcium carbonate, creating a porous structure and reducing roughness, promoting 

wettability and solvent adsorption. 

 
Fig. 5. SEM images showing the surface morphology of the polystyrene composites (a) and    

surface roughness profiles comparing polystyrene and polystyrene composites (b). 
Table 2. Roughness parameters of the polystyrene and polystyrene composites. 

Sample RMS Roughness 

(Sq) 
Mean Roughness 

(Sa) 
Maximum Peak Height 

(Sp) 
Maximum Pit Depth 

(Sv) 
NPS 95.1673 nm 71.5328 nm 0.5145 µm 0.4815 µm 
TPS 98.8757 nm 71.9033 nm 0.5654 µm 0.3796 µm 
NPS 151.8080 nm 109.1970 nm 0.5238 µm 0.4291 µm 
TPS1 132.5170 nm 93.6770 nm 0.4272 µm 0.5727 µm 
NPS3 294.5760 nm 255.2710 nm 0.6630 µm 0.3369 µm 
TPS3 197.4100 nm 150.8040 nm 0.5469 µm 0.4530 µm 

Photoluminescence 
The emission spectra (Fig. 6a(i) and 6b(i)) and CIE chromaticity diagrams (Fig. 6a(ii) and 6b(ii)), 

recorded at 255 nm and 405 nm excitation wavelengths, reveal the effects of oleic acid and citric acid 

treatments on the fillers and composites. The broad emission peaks observed are consistent with 

previous studies on polymeric materials [36-38]. Interestingly, as the excitation wavelength was 

increased, the emission peaks exhibited both a shift and a narrowing, indicating a wavelength-

dependent luminescent response [38]. At 255 nm excitation, all samples showed broad emission peaks 

centered around 406 nm, with TPS composites displaying the broadest curves, even wider than NPS 

composites. Citric acid-treated composites (TPS1, TPS2, TPS3) exhibited narrower emission peaks 

NPS NPS1 NPS3

TPS TPS1 TPS3

NPS NPS1 NPS3

TPS TPS1 TPS3

(a)

(b)
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and a shift to lower wavelengths compared to their counterparts (NPS1, NPS2, NPS3), indicating that 

oleic acid treatment reduced defect-related emissions. In contrast, citric acid treatment introduces 

defect states, broadening the emission and causing a red shift. At 405 nm excitation, the emission 

peaks were centered around 570 nm, with pure NPS showing the lowest intensity, slightly below pure 

TPS. NPS3 displayed the highest intensity, while the citric acid-treated TPS composites exhibited 

intermediate intensities and a slight shift toward longer wavelengths compared to the NPS 

composites. These findings suggest that oleic acid treatment enhances light emission intensity and 

shifts the color to shorter wavelengths. In contrast, citric acid treatment introduces defects that reduce 

intensity and shift the color to longer wavelengths. CIE color maps (Fig. 6a(ii) and 6b(ii)) show a 

cluster in the blue-violet region under 255 nm excitation, shifting towards yellow-green under 405 nm 

excitation. Additionally, NPS3 and TPS3 demonstrated remarkable photoluminescent stability after 

10 cycles of excitation and relaxation at 255 nm (Figures 7a and 7b), highlighting the tunability and 

stability of the composites’ photoluminescent properties. Oleic acid treatment improves luminescence 

at lower concentrations, while citric acid treatment stabilizes radiative transitions and enhances 

photoluminescence, offering a tunable approach to modifying the optical properties of these 

materials. 

 
Fig. 6. Photoluminescence emission spectra at excitation wavelengths of 255 nm (a(i)) and          

405 nm (b(i)), along with CIE color map spectra for 255 nm (a(ii)) and 405 nm (b(ii)). 

 
Fig. 7. Photoluminescence stability of (a) NPS3 and (b) TPS3 after 10 cycles of excitation and 

relaxation at 255 nm. 
Shore Hardness Results 

The Shore hardness values in Fig. 8a show changes due to the incorporation of composites, 

reflecting their mechanical performance. Untreated and treated PS (NPS and TPS) had a hardness of 

78.30, while the addition of carbonate fillers initially increased hardness, peaking in NPS1 and TPS1, 

then declining with higher oleic acid treatment in NPS3 and TPS3. The decline in hardness was 

attributed to surface modifications that induced agglomeration and porosity. Toro et al. and 
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Hayeemasae et al. found that the increased particle size of eggshell fillers in PS composites led to 

reduced tensile strength [35]. The ANOVA results show a significant difference among the means 

(F = 269.0, P < 0.0001), with a strong model fit (R-squared = 0.9916). Dunnett's test revealed 

significant differences in hardness for all treatments, while the low residual variance (P = 0.8469) 

indicates minimal error in the data. This decline can be attributed to the dual effects of surface 

modifications and porosity introduced during oleic acid and citric acid treatments. This observed 

softening was attributed to the formation of agglomerates after the oleic acid treatment, which reduces 

its bonding strength within the polymer matrix. The citric acid treatment, on the other hand, dissolved 

portions of the calcium carbonate, creating pores that softened the composite structure. These two 

factors contributed to the decline in the hardness. 
Solvent Affinity Test 

The graph in Fig. 8b presents the weight gain percentage of the materials when immersed in water, 

vegetable oil, hexane, and diesel. Samples NPS and TPS showed minimal weight gain compared to 

the other composites, indicating low porosity and poor absorption capacity. In contrast, citric acid-

treated composites (TPS1–TPS3) demonstrated a marked increase in absorption for the solvents, 

which aligns with the increased porosity, which increased the surface area available for absorption 

and the composite’s modified surface, which increased hydrophobicity. The highest weight gain is 

observed in TPS3. Interestingly, water absorption remains relatively low across all samples, 

underscoring the hydrophobic nature of the treated composites due to the matrix. Treated composites 

traded some hardness for better absorption, and they have displayed a preference for non-

polar solvents. 
The ANOVA statistical analysis presented in Table 3 confirms that both the solvent and sample 

materials significantly influence adsorption, with very low P-values (< 0.0001) and high F-values 

(4067.40 for solvent and 3294.97 for sample materials). The interaction between solvent and sample 

materials also plays a significant role (F = 206.46, P < 0.0001), accounting for 10.93 % of the total 

variance. This suggests that both factors have a major impact on absorption and interact in a way that 

depends on the material type. Dunnett's multiple comparisons test further highlighted significant 

differences in absorption for all treatments compared to water, reinforcing the robustness and 

statistical significance of the results (P < 0.0001). The results show that both the type of solvent and 

the materials being tested strongly influence how much they absorb, with both factors having a very 

big impact. Additionally, the way the solvent interacts with the materials changes depending on the 

material type, making their combined effect significant. This means that neither the solvent nor the 

material behaves the same across all conditions, which is important when predicting performance in 

real-world applications. 

Fig. 8. (a) Hardness measurements of the composites, and (b) solvent absorption capacity. 
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Table 3. ANOVA analysis summary for the solvent affinity test. 
Source of 

Variation 
Degrees of 

Freedom (DF) 
Sum of 

Squares (SS) 
Mean 

Square (MS) F Value P Value Variance 

Contribution (%) 
Solvent 3 1623 541.0 4067.40 < 0.0001 30.76 
Sample 

Materials 7 3068 438.3 3294.97 < 0.0001 58.15 

Interaction 21 576.7 27.46 206.46 < 0.0001 10.93 
Residual 

(Error) 64 8.513 0.1330 - - 0.16 

Total 95 5276 - - - 100.00 

Conclusion 
This study investigated the impact of oleic acid and citric acid treatments on the properties of    

PS-calcium carbonate composites, focusing on hydrophobicity, morphology, photoluminescence, 

hardness, and solvent adsorption. The carbonate fillers were treated with various concentrations of 

oleic acid before being incorporated into the polymer matrix via melt blending. The resulting 

composites were subsequently treated with citric acid. Key findings indicate that oleic acid treatment 

enhanced hydrophobicity but reduced surface hardness, whereas citric acid treatment increased 

porosity through calcium carbonate dissolution. XRD and FTIR analyses confirmed the presence of 

all composite components, with no evidence of chemical bonding between the filler and polymer 

matrix. SEM images revealed that higher concentrations of oleic acid led to filler agglomeration, 

while citric acid treatment increased surface roughness and porosity. Photoluminescence spectra 

revealed that oleic acid treatment narrowed emission peaks, enhancing luminescence, whereas citric 

acid induced defect states, leading to emission shifts. Shore hardness measurements indicated a 

reduction from 83.20 to 60.70, while solvent absorption tests demonstrated a trade-off between 

mechanical properties and absorption capacity, with vegetable oil exhibiting the highest absorption 

(33.10%). Overall, oleic acid treatment improved hydrophobicity and photoluminescence, while citric 

acid treatment primarily contributed to porosity and hydrophilicity. These findings demonstrate that 

oleic acid and citric acid treatments provide a tunable strategy for modifying PS-calcium carbonate 

composites, enhancing their potential for adsorption and smart pollutant detection applications. 
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