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Obstract

Composite based on PP/CaCO3 contained micro and nanoparticles were investigated in relation its activation volume, 
mechanical, thermal and transport properties. The additives were initially dispersed in homopolymer polypropylene 
(hPP) blended with compatibilizer maleic anhydride grafted polypropylene (PP-g-MA) in twin-screw extruder, producing 
CaCO3 masterbatches, that were subsequently diluted in hPP. To optimize fillers dispersion in the polymer matrix, a 
Design of Experiment (DOE) was used, that combined Extruder screw rotation (N: 250 and 500 rpm); Extruder feed 
flow (Q:10 and 15 kg/h) and Average particle size (ϕ: 40 nm and 1.7 μm) at four different filler concentrations. Based 
on mechanical characterization results, the best process found was 500 rpm@10 kg/h, which provided suitable Specific 
Mechanical Energy (SME), increasing the nanocomposites strength. Finally, improvements of Impact Resistance up 
to 7.8% and Young’s Modulus up to 9.3% related to microcomposite and Tensile Strength (Fmax), up to 7.9%, related 
to hPP, with higher strain.
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1. Introduction

Polymers have been filled with various materials to 
enhance different properties such as thermal, mechanical, 
electrical, or transport properties[1-3]. In this context, 
inorganic mineral fillers like talc, mica, silica, and calcium 
carbonate are commonly, also have been used in different 
proportions added to the polymeric matrix[4], owing to their 
varied aspect ratio and interfacial interactions[5]. These 
fillers interactions have been studied to seek improvements 
since macroscopic reinforcing elements typically have 
imperfections. Therefore, smaller reinforcing elements, 
even reaching the nanometric scale, are sought to reduce 
these imperfections in desired materials[6].One of the most 
commonly used mineral fillers is CaCO3, available in natural 
or synthetic forms[7]. Micrometric particles are typically 
selected using sieves, while the nanometric are prepared 
using various techniques, such as physical vapor deposition, 
chemical vapor deposition, reactive precipitation, sol-gel, 
and microemulsion methods[8], among these, industrial 
reactive precipitation is of particular interest[8]. Additionally, 

the shape of the particles also influences its properties 
when used in composites. For instance, using spherical or 
elongated nanoparticles can influence their physical and 
chemical properties differently, due to its distinct aspect 
ratios[4]. Typically, the electrical, mechanical and thermal 
properties obtained from nanocomposites usually are 
superior to the microcomposites, without affect the polymer 
processability[8,9]. Additionally, dispersing nanoparticles in 
a polymeric matrix can create new levels of interaction, 
not present in microparticle systems, leading to changes 
their features and improvements in its physical properties. 
Nanocomposite processing can be achieved using various 
techniques including in-situ polymerization, melt mixing, 
and the sol-gel process, among others, each with its own 
advantages and disadvantages[8]. To enhance dispersion 
during the melt mixing process, one option is to modify 
the surface of the nanoparticles[10] This strategy can prevent 
agglomeration, improves dispersion quality, and enhances 
adhesion with the polymeric matrix. Usually, nanoparticles 
are treated with surfactants or organic agents, like those 
used in conventional composites. Although these agents 
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 can improve filler dispersion, they may not always facilitate 
strong adhesion between components, leading to limited 
interaction and short-distance bonding in nanocomposites, 
mainly in thermoplastic polymers[9]. Alternatively, adjusting the 
process itself can be considered. It’s worth noting that smaller 
particles have a larger surface area, increasing the system’s 
surface energy and promoting enhanced interaction between 
components[11]. Dispersing particles without modification 
is difficult as they tend to aggregate. Hence, efficient shear 
processes with Specific Mechanical Energy (SME) are 
crucial for nanoparticle dispersion[12,13]. The SME can be 
modulated during extrusion by adjusting the extruder screw 
rotation (N) and extruder feed flow (Q), aiding in better filler 
dispersion, and breaking up the aggregates[14]. Rocha et al.
[15] investigated this phenomenon, by the influence of twin-
screw extruder rotation on incorporating various CaCO3 
nanoparticles into hPP, resulting in a significant increase in 
flexural strength without compromising impact resistance. 
Similarly, Thio et al.[16] examined the impact of CaCO3 
particle size on PP mechanical properties. They analyzed 
three CaCO3 types sized at 0.07, 0.7, and 3.5 µm, dispersed 
in PP at concentrations from 0.05 to 0.30 wt%. With low 
filler levels, Young’s Modulus increased, and tensile strength 
decreased regardless of filler size. Impact resistance improved 
with filler content until a critical concentration. Notably, 
the 0.7 µm filler increased composite impact resistance by 
fourfold compared to unfilled PP at a 5wt%[16]. Chan et al.[17] 
investigated the addition of CaCO3 nanoparticles (44,0 nm) 
into hPP via a twin-screw extruder at various concentrations, 
observing an increase in the composite’s impact resistance. 
Zhang et al.[18] fabricated PP/CaCO3 nanocomposites using 
a twin-screw extruder, integrating a small amount of non-
ionic modifier (poly-oxyethylene noni-phenol) during 
extrusion to enhance compatibility between filler and the 
polymer matrix. Considering the properties of CaCO3 
nanoparticles, there is potential for its utilization in several 
materials, such as: plastics, rubbers, paints and other natural 
or synthetic materials, as reinforcement or additives[3,19]. For 
example, its addition in PP can raise both impact resistance 
and Young’s modulus at the same time[19]. Thus, this study 
focused on crafting PP/CaCO3 composites using a PP-g-MA 
compatibilizer agent and employing a Design of Experiment 
(DOE)[20,21]. In this case, the processing was used in two 
stages: initially preparing the masterbatches followed by 
different dilutions steps. Essential tests were conducted at 
each stage to evaluate the properties of interest[22,23].

2. Materials and Methods

The study unfolded in two phases: First involved designing 
experiments (DOE) to prepare and dilute the concentrates, 

while second, it was focused on characterizing micro and 
nanocomposites. Initially, a concentrate was created using 
a co-rotational twin-screw extruder, employing DOE and 
adjusting shear levels via SME, varying extrusion parameters 
such as extruder screw rotation (N) and feed flow (Q) to 
modulate it. Subsequently, dilutions of each concentrate were 
conducted to produce micro and nanocomposites, which 
were characterized to evaluate mechanical, thermal, and 
transportation properties. The used nanoparticulate precipitated 
of CaCO3 NPCC-201 (D50: 40 nm, surface area: 40 m2/g, 
purity > 94.5% treated with fatty acid), was manufactured 
by NanoMaterial Technology Pte Ltd – Singapore[24] and 
Microparticulate CaCO3 Omyacarb 1T-AV (D50: 1.6 to 1.7μm, 
purity > 97.3%, also treated with fatty acid), was manufactured 
by Omya International AG - Italy[25]. Compatibilizer maleic 
anhydride grafted polypropylene (PP-g-MA) - Fusabond 
P MD353D (MFI: 450 g/10min - 2.16 kg@190 ºC, MP: 
136 °C and maleic anhydride concentration > 1,0%), were 
supplied by DOW Inc[26]. Polypropylene (PP) homopolymer, 
H301 (MFI: 10 g/10min - 2.16 kg@230 ºC), was supplied by 
Braskem S/A[27]. The Desig of Experiment (DOE) combined 
three variables at two levels: Extruder screw rotation (N: 
250 and 500 rpm), Extruder feed flow (Q: 10 and 15 kg/h) 
and D50 (ϕ: 40nm and 1.7μm). The samples were identified 
according to the methodology shown in Figure 1 below[22]. 
Combining the variables, it was obtained eight processing 
conditions, as shown in Table 1.

To prepare the concentrates (masterbatchs), it was used 
20% of CaCO3 (micro or nanoparticulate), 70% hPP, and 
10% PP-g-MA, processed in a co-rotational twin-screw 
extruder (ZSK18 Coperion GmbH, D: 18 mm, L/D: 48, 
power of 4 kW /5.43 hp, max amperage of 15.2 A, max 
screw rotation of 600 rpm, and a max feed rate of 140 kg/h) 
using the main feeder (without side feeder). The thermal 
profile ranged from 140 to 180 °C, and the extruder screw 
profile was based on the scheme shown in Figure 2[28], with 
adaptations due to differences in the L/D of the extruders.

The concentrates previously prepared were diluted in 
hPP using the same twin-screw extruder (Temp.: 140–180°C, 
N: 500 rpm, Q: 10 kg/h). Dilutions were carried out at four 
dosages for each concentrate: 2.5%, 7.5%, 25.0%, and 
50.0%. Consequently, the CaCO3 content in each composite 
depended on the proportion added to hPP, calculated as the 
dosage multiplied by the CaCO3 content in the concentrate, 
resulting in 0.5%, 1.5%, 5.0%, and 10.0%. These values 
were used to identify each composite. In relation to the 
MFI (Melt Flow Index) of hPP, it was obtained a value 
of 10.8 g/10 min (2.16 kg@230 ºC). Due to the very low 
viscosity of PP-g-MA, its exact value could not be accurately 
determined, but it was detected to be >200 g/10 min under 

Figure 1. Methodology for identifying samples.
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the same conditions. The ash content (inorganic part) of 
masterbatches samples were conducted in triplicate, and the 
values are shown in Table 2. To determine the crystallinity 
degree of the concentrates, each peak area, along with the 
amorphous halo (Ac + Aa), was calculated, generating a 
sum of the areas. This determination was performed using 
the Origin Pro8 program with the Fit Multi-peaks tool, 
applying the Lorentzian peak function. After establishing 
a baseline to eliminate the amorphous halo, the same peaks 
areas were measured again (Ac).

2.1. Characterization

For the CaCO3 particles morphological characterization 
was used Scanning Electron Microscopy (SEM) on the 
Zeiss-Supra 35 equipment. The average particle sizes 
of CaCO3 micro and nanoparticles were characterized 
with size measurements conducted via Image J software. 
X-ray Diffraction (WADX) on the Rigaku DMax 2500 PC 
equipment (radiation source: CuKα, λ: 1.54056 Å, scan at 
2θ: 5 to 75°). The surface area (BET) was determined by 
the Micromeritics Instrument Corporation model ASAP 
2000 V3.03 A, with a N2 atmosphere. For the polymers, 
hPP and PP-g-MA. The MFI[29] was determined using the 
Aflow Extrusion Plastometer (ZwickRoell GmbH & Co) 
at 2.16 kg@230 ºC. For concentrate characterization, the 
Ash Content[30] was determined by heating until constant 
mass in an oven (600 °C). Additionally, X-ray Diffraction 
(with a CuKα radiation source, λ: 1.54056 Å, scan at 2θ: 1 
to 30°) was used to determine the crystallinity degree. The 
composite specimens were molded by injection molding in 
the Romi Primax 65R equipment (Injection temperature: 
200 ºC@70 bar, mold: 23±2 ºC@35 s). Tensile tests were 
executed on the Universal Testing Machine (Z100-100 kN 
equipment) from ZwickRoell GmbH & Co. To determine 
the Young’s modulus, tensile strength and elongation of the 
composites, it was used the following parameters (load cell: 

5KN; deformation speeds: 50 mm/min)[31]. The Activation 
Volume was determined by the Eyring equation, that is 
associated with mobility at the organic-inorganic interface, 
specifically the polymer-filler interface. Therefore, the 
smaller the activation volume of the composite, the greater 
the restriction on the mobility of chain segments at the 
polymer-filler interface, indicating stronger interaction. 
This model is represented in Equation 1[32].

0
lnA RT V

V V V
σ

 
≅ + ×   

 
 (1)

RT
V

α =  (2)

Where σ is the tensile strength (εmax), A is the activation 
energy, V is the activation volume, T is the temperature, R is 
the universal gas constant (8.31 J.mol-1.K-1). The correlation 
between σ and the logarithm of the Deformation Speed   is 
linear, whose slope of the generated line, can be represented 
by Equation 2[32]. The tensile strength (σ) was determined 
at three different deformation speeds (20, 50 and 100 mm/
min) at temperature of 25 ºC. The Izod Impact Resistance 
tests were performed on Pendulum Impact Testers, (HIT50P 
model) from ZwickRoell GmbH & Co, specimen 3.17 x 12.7 
mm, notched, pendulum: 2.75 J and velocity 3.46 m/s[33,34].

3. Results and Discussion

As shown in Figure 3a, the CaCO3 microparticulates 
presented itself in the form of flakes with medium size of 
~1.5 µm. Figure 3c, presents the CaCO3 nanoparticulates 
micrograph with spherical shapes with size of ~70 nm. The 
histograms in Figures 3b, d show the size distributions of 
the respective CaCO3 particles. Comparing the smallest 
microparticles to the largest nanoparticles reveals a relative 

Table 1. Process conditions for the concentrates.
Run Sample Screw rotation N (rpm) Feed flow Q (kg/h) Particle size ϕ (μm)

Concentrate 1 N_250_10 250 10 0.04
Concentrate 2 M_250_10 250 10 1.70
Concentrate 3 N_250_15 250 15 0.04
Concentrate 4 M_250_15 250 15 1.70
Concentrate 5 N_500_10 500 10 0.04
Concentrate 6 M_500_10 500 10 1.70
Concentrate 7 N_500_15 500 15 0.04
Concentrate 8 M_500_15 500 15 1.70

Figure 2. Diagram of the screw profile used in processing.
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size distribution difference of about 4x. Considering the D50 
value, this relative distribution difference increases to about 
20x. A similar distribution between the CaCO3 micro and 
nanoparticles also was observed by Thio et al.[16].

Regarding the diffraction patterns of the micro and 
nanoparticle CaCO3 samples shown in Figure 4, the main 
diffraction peaks in 2θ can be observed at 23.2º, 29.6º, 36.3º, 
39.6º, 43.3º, 47.7º, 48.6º, 56.6º and 57.6º characteristics 
of the crystallographic planes (102), (104), (110), (113), 
(202), (108), (116), (211) and (212) respectively in different 
phases of CaCO3

[35].
The specific surface area (BET) of CaCO3 particles, the 

nanoparticles presented value of 24.19 ± 0.18 m2/g, while the 
microparticles had a value of 6.89 ± 0.16 m2/g. These values 
differ from those reported by the manufacturers, likely due 

Figure 3. Microscopy: (a) microparticulates CaCO3 – 30,000x and (c) nanoparticulates CaCO3 – 75,790x in different magnification. 
Particle size distribution: (b) microparticulates and (d) nanoparticulates.

Figure 4. X-ray diffractogram of micro and nanoparticle CaCO3.

Table 2. Results of the characterization of concentrates and SME used.
Sample N (rpm) Q (kg/h) ϕ (μm) Ash Content (%) Xc (%) Torque (%) SME (kWh/kg)

hPP - - - 0.15 ± 0.01 65.9 - -
M_250_10 250 10 1.7 21.19 ± 0.41 63.6 69.8 0.12
M_250_15 250 15 1.7 18.88 ± 0.26 54.5 78.4 0.09
M_500_10 500 10 1.7 20.17 ± 0.10 59.7 58.6 0.20
M_500_15 500 15 1.7 20.27 ± 0.06 63.2 65.8 0.15
N_250_10 250 10 0.04 20.14 ± 0.02 61.5 73.3 0.12
N_250_15 250 15 0.04 19.68 ± 0.10 59.7 80.7 0.09
N_500_10 500 10 0.04 17.16 ± 0.14 57.3 62.4 0.21
N_500_15 500 15 0.04 18.66 ± 0.06 63.6 66.4 0.15
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to the interference of the surface treatment on the particles. 
Despite the nominal value being 20.0%, the obtained results 
closely matched as expected, except for sample N_500_10, 
which was 2.8 points below the nominal value, likely due to 
processing losses. However, this discrepancy didn’t affect 
the results, as the studies were based on the actual sample 
values rather than the nominal ones. Important information 
from the X-ray diffraction test (range: 1 to 30º) enabled 
the identification of fillers and determination of the degree 
of crystallinity in the concentrate samples. Figures 5a-b 
display the diffractogram for the nano and microparticulate 
CaCO3 concentrates, with characteristic peaks at 23.2º and 
29.6º, confirming its presence[35], which are characteristic 
of planes (102) and (104) respectively, as also observed in 
the diffractogram in Figure 04.

However, it is important to mention the presence of an 
important signal of 2θ = 16.0° related to the (300) plane, 
characteristic of the formation of the β phase of PP as also 
observed by Sakahara et al.[36].According to these authors, 
the increase in the intensity of the β phase in PP positively 
interferes in different mechanical properties, such as tensile 
strength, flexural modulus and impact resistance. This feature 
is explained by the tenacity of the beta crystalline phase and 
its metastability, which allows its conversion to the most 
common α crystalline phase observed under mechanical 

load and thermal stress[36]. In this study, it was found that 
the intensities of this 2θ = 16.0° peak are more intense for 
the PP/CaCO3 nanocomposites, which had a positive impact 
on its mechanical properties, as will be discussed later. The 
ratio between these two areas results in the crystallinity 
degree (Xc), as shown in Equation 3[36,37]. Figure 6 shows 
a treatment example applied to the hPP diffractogram, both 
with and without the amorphous halo, and the concentrate 
results are presented in Table 2.

=
+
c

c
c a

A
X

A A
 (3)

The Xc results, is consistent with literature values, which 
range between 60 and 70%[38]. For the concentrates, lower 
values are observed, possibly due to the high CaCO3 content 
interfering with crystallite formation and growth. Using the 
extrusion parameters shown in Table 1, it was possible to 
determine and modulate the SME of the process according 
to extruder screw rotation (N) and extruder feed flow (Q)[14]. 
The parameters associated are presented in Equation 4[12,13]

0  
100

 
max

max

N TW
N

SME
Q

 × × 
 =
 
 
 

 (4)

Figure 5. X-ray diffractogram of micro (a) and nanoparticle (b) CaCO3 concentrate.

Figure 6. X-ray diffractogram of hPP with amorphous halo (a) and without amorphous halo (b).
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Here, N0 is the extruder screw rotation (rpm), Nmax is the 
maximum extruder screw rotation (rpm), Wmax is the maximum 
power of the extruder engine (kW), T is the extruder torque 
(%), and Q is the feed flow (kg/h). The SME values are 
shown in Table 2.

The compounds prepared with different SME levels 
did not show significant differences in Xc, likely due to the 
high mineral filler concentration. Specific conditions can 
favor or hinder the degree of crystallinity. Higher screw 
rotations combined with lower feed flows can provide more 
energy to the system, enhancing particle dispersion in the 
polymer matrix, particularly for smaller particles that are 
more difficult to disperse due to their high surface area[12,15]. 
The composites inorganic material content was determined, 
considering the raw material purity. The actual CaCO3 
content in each sample was used, as shown in Tables 3, to 
minimize concentration effects. It was observed that the 
CaCO3 content in the composites was very close to the 
nominal values, indicating minimal losses during processing.

Samples prepared with a feed flow of 10 kg/h showed 
equivalent values for both nano and microparticles. At 15 kg/h, 
microparticles performed better at a screw rotation of 250 rpm, 
while nanoparticles performed better at 500 rpm. Regarding 

CaCO3 content, microparticles showed stable properties 
with increasing filler content. However, nanocomposites 
exhibited an increasing tendency in impact resistance with 
increasing filler content, as depicted in Figure 7. As studied 
by Yang et al.[4], Huang et al.[9] and Eiras[19], the addition 
of nanoparticulate CaCO3 increases the composite impact 
resistance, in relation to original polymer.

Regarding mechanical properties under tension, the 
Young’s Modulus, Tensile Strength (Fmax), and Strain (Fmax), 
were studied. For Young’s Modulus, the microparticulate 
showed superior results at 250 rpm, while the nanoparticulate 
performed better at 500 rpm. The best results for both 
were achieved with a feed rate (Q) of 10 kg/h, as seen in 
Figure 8. However, these results are below those reported 
in the literature[4,9,39].

In terms of Tensile Strength (Fmax), all configurations 
exhibited better results for nanoparticles, particularly the 
sample processed at 500 rpm and 10 kg/h, showed superior 
properties compared to others, as depicted in Figure 9 and 
consistent with Yang et al.[4]

For the strain (Fmax) property, with 500 rpm exhibited 
higher deformation values, particularly when fed at 10 kg/h, 

Table 3. CaCO3 content for micro and nanocomposite
Sample Ash content (%) CaCO3 content (%) Sample Ash content (%) CaCO3 content (%)

M_250_10_0.50 0.56 ± 0.01 0.55 N_250_10_0.50 0.60 ± 0.02 0.57
M_250_10_1.50 1.07 ± 0.04 1.04 N_250_10_1.50 1.54 ± 0.05 1.45
M_250_10_5.00 5.27 ± 0.07 5.14 N_250_10_5.00 4.96 ± 0.07 4.69
M_250_10_10.0 10.68 ± 0.19 10.41 N_250_10_10.0 10.16 ± 0.11 9.60
M_250_15_0.50 0.57 ± 0.01 0.56 N_250_15_0.50 0.57 ± 0.06 0.54
M_250_15_1.50 1.55 ± 0.08 1.51 N_250_15_1.50 1.56 ± 0.01 1.47
M_250_15_5.00 5.08 ± 0.11 4.95 N_250_15_5.00 5.05 ± 0.16 4.77
M_250_15_10.0 9.87 ± 0.17 9.62 N_250_15_10.0 9.97 ± 0.10 9.25
M_500_10_0.50 0.64 ± 0.06 0.62 N_500_10_0.50 0.51 ± 0.04 0.48
M_500_10_1.50 1.55 ± 0.10 1.51 N_500_10_1.50 1.31 ± 0.02 1.24
M_500_10_5.00 5.17 ± 0.07 5.04 N_500_10_5.00 4.36 ± 0.04 4.12
M_500_10_10.0 10.33 ± 0.03 10.07 N_500_10_10.0 8.33 ± 0.09 7.87
M_500_15_0.50 0.67 ± 0.04 0.65 N_500_15_0.50 0.54 ± 0.01 0.51
M_500_15_1.50 1.68 ± 0.09 1.64 N_500_15_1.50 1.50 ± 0.02 1.42
M_500_15_5.00 5.32 ± 0.03 5.19 N_500_15_5.00 5.06 ± 0.07 4.78
M_500_15_10.0 10.19 ± 0.18 9.94 N_500_15_10.0 9.63 ± 0.06 9.11

Figure 7. Impact resistance for microparticulated (a) and nanoparticulated composite (b).
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where the highest SME (0.21 kWh/kg) was observed. In other 
conditions, the values between micro and nanoparticulated 
composites were similar. Analyzing the influence of particle 
size (ϕ), in microparticles, there is a strong tendency to reduce 
the strain increasing CaCO3 content, but less pronounced 
for nano, as Figure 10.

The Activation Volume (V), determined by the Eyring 
equation, reflects the polymer-filler interface mobility. A 
smaller activation volume indicates greater restriction on the 

mobility of the chain segments, suggesting better dispersion 
and interaction between the filler and the matrix. Using 
Equation 2 and the values of σ at different speeds[22] for each 
composition, the V of the composites, was determined[23,40] 
based on filler content, as shown in Figure 11.

The Activation Volume was indirectly measured by the 
Tensile Resistance (Fmax), where it can observe that the results 
obtained are consistent with those reported by Rocha et al.[15]. 
Higher rotations, coupled with lower feed flow, increase the 

Figure 8. Young´s Modulus under tensile for microparticulated (a) and nanoparticulated composite (b).

Figure 9. Tensile Strength (Fmax) for microparticulated (a) and nanoparticulated composite (b).

Figure 10. Strain (Fmax) for microparticulate (a) and nanoparticulated composite (b).
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SME used in the extrusion process, leading to better particle 
dispersion. This, in turn, enhances the mechanical properties 
of the composite due to increased surface interaction, as 
evidenced by the activation volume[12]. The best composite 
formulations M_500_10 and N_500_10, with different wt% 
of micro and nanoparticulate CaCO3 were investigated by 
SEM, after cryogenic fracture. Micrographs are shown in 

Figures 12, revealing the CaCO3 different morphology in 
the polymeric matrix. At 0.15wt% content of both micro 
(a1) and nanocomposite (a2) displayed effective dispersion, 
showed no agglomerates of additives, although with larger 
micrometric particles. At 1.50wt%, better dispersion of 
nanometric particles (b2) was observed compared to the 
microcomposite (b1). The same was observed at 5.00 wt% 

Figure 12. Micrographs of micro (a) and nanoparticulated composite (b) with 0.15% (1), 1.50% (2), 5.0% (3) and 10.0% (4) of CaCO3 
in different magnification.

Figure 11. Activation volume for microparticulated (a) and nanoparticulated composite (b).
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(c), with good dispersion and distribution of particles in 
the nanocomposite (c2), with few agglomerates. Finally, 
at 10.00% (d), good particles distribution was observed 
in the nanocomposite (d2) with few agglomerates, which 
is indicative of efficiency in the dispersion process and 
potentially better particle-matrix adhesion compared to 
the microcomposite (d1). As is known, the higher level of 
agglomerates indicates poor dispersion and a lower level of 
reinforcement. Our mechanical results correlated with the 
microscopy images are quite consistent with the mechanical 
properties, as also observed previously by Yang et al.[4] and 
Thio et al.[16].

Based on the results from Impact, Tensile Strength, 
and Activation Volume, along with the micrographs, the 
condition: extruder screw rotation of 500 rpm and feed of 
10 kg/h, exhibited the most favorable properties balance, 
credited to the higher SME utilized in the dispersion process 
(0.21 kWh/kg). Subsequent tests will be performed using 
these parameters (M_500_10 and N_500_10), with the 
outcomes detailed in Second Part of this study.

4. Conclusion

The study identified the processing condition with 
superior filler dispersion with Q:10 kg/h and N: 500 rpm. 
Under these conditions, the nanocomposite presented Young’s 
Modulus with 4.12wt% increased by 9.2% compared to 
the hPP. The tensile strength (Fmax) increased by 7.9% 
with just 0.48wt% of nanoparticulate CaCO3, compared to 
hPP. Deformation (Fmax) values remained similar for nano 
and microcomposites, with a notable increase of 5.1% for 
the 0.48wt% nanoparticle content compared to hPP. The 
nanocomposites with 0.48wt% and 1.24wt% stood out due to 
their smaller Activation Volume, compared to microparticles 
at the same content. The impact resistance of nanocomposite, 
increased by 22.4% compared to hPP, with 7.9wt%. Based on 
these results, it was determined the most favorable process 
parameters for achieving superior mechanical properties 
for the studied PP/CaCO3 composites. The increase in the 
intensity of the beta phase diffraction peak for the CaCO3 
nanocomposites positively influenced the improvement of 
its mechanical properties in relation to the pure polymer and 
the microcomposites. However, it is advisable to explore 
other additional properties, such as thermal and barrier, 
using these parameters already determined for these systems. 
Furthermore, it is also necessary to investigate the influence 
of the D50 filler content on the mechanical and thermal 
behavior at different wt% in PP. This type of investigation 
will be better explored in future work.
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