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The aim of this work was to study the influence of calcium carbonate nanoparticles in crystallization process 
of polypropylene. Four compositions of PP/CaCO

3
 nanocomposites were prepared in a co-rotational twin screw 

extruder machine with calcium carbonate content of 3, 5, 7 and 10 wt. (%). The tests included SEM analyzes 
for calcium carbonate, differential scanning calorimetry (DSC) and wide angle X-ray diffraction (WAXD) for 
the nanocomposites. The results showed an increase in PP crystallization temperature and crystallinity degree, 
and a reduction in spherullites size. The formation of PP β phase was confirmed by DSC and WAXD results. 
Finally from DSC analyses under isothermal conditions it was confirmed that calcium carbonate nanoparticles 
have a nucleation effect in polypropylene crystallization process by reducing the half crystallization time and 
increasing the kinetic constant (k). 
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1. Introduction

Calcium carbonate nanoparticles have been widely used as fillers 
in polymeric materials with the main purpose of reducing costs1,2, 
however recently works showed that the incorporation of calcium 
carbonate nanoparticles can lead to higher impact resistance associ-
ated with higher elastic modulus3,5,6. The main mechanism of tough-
ening semicrystalline polymers with the addition of inorganic fillers 
has been extensively discussed and involves stress concentration, 
debonding of the polymer/filler interface and the formation of shear 
bands.2 Besides this mechanism other effects, can lead to improved 
mechanical properties in semicrystalline polymers. The incorporation 
of inorganic fillers in semicrystalline polymers can change the crystal-
lization process and the crystalline morphology and these changes 
can influence mechanical properties of semicrystalline polymers5,6. In 
previous work we showed that calcium carbonate nanoparticles leads 
to great increase in elastic modulus and reduction in brittle-to-ductile 
transition temperature, which means that the filler has a toughening 
effect in polypropylene. The results obtained in this work were cor-
related with the reinforcement effect of calcium carbonate in the case 
of elastic modulus and with the stress concentration factor of calcium 
carbonate in polypropylene in the case of toughening effect7.

Among all the effects that calcium carbonate nanoparticles can 
achieve in the crystallization of PP, some have been extensively 
reported in literature; formation of PP β phase as a consequence 
of the nucleation effect of the nanoparticles, higher crystallization 
temperature, lower half crystallization time and higher degree of 
crystallinity5,6. 

In this context this work will present a series of analyses showing 
the effect of calcium carbonate nanoparticles in the crystallization 
and phase formation of an isotatic polypropylene and discuss which 
changes can affect the mechanical behavior of the polymer.

2. Experimental

2.1. Materials

P o l y p r o p y l e n e  h o m o p o l y m e r ,  g r a d e  H 5 0 1 - H C 
(MI = 3,5 g/10 minutes), was supplied by Braskem Petroquímica, 
Brazil. Calcium carbonate nanoparticles were supplied by YH-
nano, China. The mean diameter of the nanoparticles is between 
the range of 70-90 nm.

2.2. Preparation of the nanocomposites

Before extrusion polypropylene and calcium carbonate nanopar-
ticles were dry mixed in the desired compositions. Four compositions 
of nanocomposites with calcium carbonate content of 3, 5, 7 and 
10 wt. (%) were prepared in a co-rotational twin screw extruder ma-
chine Werner & Pfleiderer® SZK 30 with screw diameter of 30 mm and 
L/D = 35. The temperature profile was 170/190/190/190/190/195 °C. 
Tensile test specimens were injected in an Arburg Allrounder 270 V 
injection molded machine according ASTM D638. The temperature 
profile was 215/220/235/245/250 and the mold temperature was 
55 °C.

2.3. Characterization of calcium carbonate nanoparticles

Calcium carbonate nanoparticles were characterized by SEM in 
a Phillips® XL30 microscope in order to determine the mean particle 
diameter.

2.4. Characterization of the nanocomposites

The nanocomposites were characterized by WAXD, DSC and 
optical microscopy. WAXD analyses were conducted in a Rigaku 
Geiger Flex equipment using Cu Kα radiation, with 2θ varying 
from 5 to 90°. Thermal properties were characterized by DSC dur-
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like specific β phase nucleating agents12 or inorganic fillers4,5,6,8. In this 
work the presence of β phase can be attributed by the incorporation of 
calcium carbonate nanoparticles that lead heterogeneous nucleation 
in PP matrix during crystallization.

3.3. Characterization of crystalline morphology of PP and 
the nanocomposites

Figure 3 shows the images of the spherulitic structure of PP and 
the nanocomposites. From the images it is possible to say that the 
spherulites of PP were reduced with the incorporation of nanopar-
ticles. Unfortunately it is impossible to determine the size of the 
spherulites in the nanocomposites. The reduction in spherulites size 
is due to the nucleation effect of calcium carbonate nanoparticles5. 
Smaller spherulites influence mechanical behavior of polymeric 
materials by increasing impact resistance and elongation at break, 
reducing elastic modulus and yield stress5. 

4. Thermal Properties

4.1. Melting behavior

From the DSC analyses during heating it is possible to determine 
the melting point, level of crystallinity and the presence of differ-
ent phases in semicrystalline polymers. As shown in Figure 4a the 
melting temperature of PP was not influenced by the incorporation 
of calcium carbonate nanoparticles. In the other hand, from Fig-
ure 4b, it is possible to see that for the nanocomposites with calcium 
carbonate content of 5 and 7 wt. (%) there is a second peak around 
147 °C, representing β phase of PP. As we already said in this work 
the formation β phase in the presence of inorganic fillers is a result 
of the nucleation effect of the filler in the matrix crystallization proc-
ess. Moreover β phase is known to be tougher than α phase due to 
β-α polymorphic transition13,14,15 and some authors attributed to the 
presence of this metastable phase the higher toughness of PP/CaCO

3
 

nanocomposites4,5,8. At this point we will not consider this statement, 
that β phase is responsible for higher toughness in our nanocom-
posites, because Lin Y. and coworkers reported that polypropylene/
calcium carbonate nanocomposites that were annealed for 2 hours in 
temperatures above the melting temperature of the β phase presented 
higher impact resistance than the unannealed ones6. Although we 
can’t say that the β phase is responsible for any changes in mechani-
cal properties of nanocomposites, its presence confirms that calcium 

ing heating and cooling and in the last case under isothermal and 
non-isothermal conditions. For non-isothermal analyses the sample 
was heated from 30 to 200 °C with a heating rate of 10 °C/min and 
than cooled from 200 to 30 °C with the same rate, from the results 
melting and crystallization temperature and the level of crystallinity 
(Equation 1) of PP and the nanocomposites were obtained. Isothermal 
analyses were conducted by heating the samples from 30 to 200 °C 
and cooling from 200 °C to the crystallization temperature of each 
sample. The results were fitted to Avrami equation (Equation 2) in 
order to determine the half crystallization time (t

1/2
), the kinetics 

constant k and the Avrami exponent (n). Finally polarized optical 
microscopy was conducted in a Leica DM RXP Wild MPS 32, the 
samples were heated and cooled in the same conditions described 
for DSC isothermal analyses.
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3. Results

3.1. Morphology, chemical composition and surface 
treatment of the nanoparticles

Figure 1 shows the morphology of the nanoparticles obtained 
from SEM analyzes. From the results it is possible to say that most of 
the nanoparticles have diameter in the range of 70-90 nm. Moreover, 
the nanoparticles have a strong tendency to form agglomerates due 
to their high surface energy which is a result of the small particle 
size.

3.2. Characterization of the crystalline structure of neat PP 
and PP/CaCO

3
 nanocomposites 

Figure 2 shows the WAXD results for neat PP and the nanocom-
posites. From the results we see that neat PP presents peaks charac-
teristics of α phase in 2θ values of 13,6, 16,4 e 18,2° representing the 
crystallographic planes (110), (040) e (130), respectively10,11. For the 
nanocomposites the same planes appeared in 2θ values 14,2, 16,9 e 
18,7°. The nanocomposites with calcium carbonate content of 3 and 
7 wt. (%) presented a peak in 2θ equal to 16,2° which represents the 
(300) plane of PP β phase4,5,10,11. β phase is a metastable phase of PP 
with hexagonal geometry that appears under certain conditions of 
shear induced crystallization or in the presence of nucleating agentes8, 

Figure 1. Morphology of calcium carbonate nanoparticles used in this 
work. Figure 2. WAXD results for neat PP and PP/CaCO

3
 nanocomposites.
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crystallization temperature and smaller spherullites16. So the results 
showed until this point give strong evidences of the nucleation effect 
of calcium carbonate nanoparticles in PP matrix. 

4.3. Crystallization under isothermal conditions

As we have many evidences that the incorporation of calcium 
carbonate nanoparticles influences the crystallization kinetics of 
polypropylene DSC analyses under isothermal crystallization were 
conducted in order to confirm this effect. Figure 5a presents the 
relation between the crystallized fraction and the time fitted to the 
Avrami equation. The Avrami index (n) and the kinetics constant (k) 

carbonate nanoparticles affect the phase formation in polypropylene 
crystallization and suggests that it affects the crystallization kinetics 
too. Table 1 summarizes the results obtained in all DSC analyses, 
and shows that the level of crystallinity of PP was enhanced with the 
incorporation of calcium carbonate nanoparticles. 

4.2. Crystallization under non-isothermal conditions

From Table 1 it is possible to see an increase in crystallization 
temperature of PP with the addition of nanoparticles. The incorpora-
tion of inorganic filers in semicrystalline polymers tend to increase 
the rate of crystallization, which results in higher crystallinity, higher 
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Figure 3. Crystalline morphology of PP (a) and PP/CaCO
3
 nanocomposite with calcium carbonate content of 3 wt. (%). 

Figure 4. DSC curves under heating for PP and PP/CaCO
3
 nanocomposites (a) and for PP/CaCO

3
 nanocomposites with calcium carbonate content of 5 and 

7 wt. (%) (b).

Table 1. Thermal properties of neat PP and PP/CaCO
3
 nanocomposites.

Sample (CaCO
3
 content) ΔH

Melt. 
(J.g–1) ΔH 

Crystall.
 (J.g–1) T

Melt.
 (°C) T

Crystall. 
(°C) Crystallinity (%)

PP (0) 78,1 89,5 167 117 38

3% 81 92,5 167 126 40

5% 88 101,2 166 124 45

7% 88,3 97,7 167 124 46

10% 82,4 94,4 167 124 44
ΔHMelting for neat PP 100% crystallized 208 J.g–1. 12
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Figure 5. Experimental data fitted to the Avrami equation (a) and crystallized 
fraction vs. time (b).

Table 2. Data obtained from the isothermal analyses using Avrami equa-
tion.

Calcium carbonate 
content (wt. %)

Avrami 
índex (n)

Kinetics 
constant (k)

Half crystallization 
time (t

1/2
)

PP (0) 2,72 8,52 E-05 27

3% 2,39 3,42 E-04 25

5% 2,43 2,95 E-04 25

7% 2,27 5,64 E-04 24

10% 2,35 4,44 E-04 23

were determined from the curves and are presented in Table 2. The 
values of n lied between 2 and 3, which is in accordance with data 
in literature for polypropylene/calcium carbonate nanocomposites8,19 
and were not affected by the presence of nanoparticles, and the values 
of k increased with the incorporation of nanoparticles. Avrami index 
values between 2 and 3 indicate that the crystal geometry growth is 
bidimensional18 which do not correspond to the spherulitic structure 
obtained in polarized optical microscopy. This can be explained 
by the fact that Avrami model does not take in account some the 
statements that influences the heterogeneous crystallization, like 
the need of the polymer molecules to occlude, deform or reject the 
nanoparticles18,19. 

Figure 5b shows the relation between crystallized fraction and 
the time. From this curves it is possible to determine that the half 
crystallization time of PP was reduced with the incorporation of 
nanoparticles and that there is no difference between the different 
compositions. Saujanya16 showed that the crystallization kinetics 
is strongly dependent on particle size and Fornes17 showed that the 
crystallization kinetics of nylon 6/MMT nanocomposites depends on 
the MMT content. In our results the values obtained for t

1/2
, crystal-

lization temperature and level of crystallization show a tendency of 
become constant with the increase of calcium carbonate content, 
which can be a result of the agglomeration of nanoparticles. The re-
sults obtained in isothermal crystallization analyses together with the 
results obtained for crystallization temperature, level of crystallinity 
and reduced spherulitic size confirm the nucleation effect of calcium 

carbonate nanoparticles in PP matrix, and give some evidences that 
this influence can be dependent on calcium carbonate content and 
dispersion. 

5. Conclusions

In this work polypropylene/calcium carbonate nanocomposites 
were prepared with different filler contents. The effect of calcium 
carbonate nanoparticles in the crystallization process of polypropyl-
ene was studied with WAXD, DSC and polarized optical microscopy. 
WAXD results combined with DSC analyses showed the presence of 
PP β phase in some nanocomposites indicating that nanoparticles af-
fect the phase formation in polypropylene crystallization. Besides the 
formation of β phase DSC results showed that the crystallinity degree 
and the crystallization temperature of PP increased with the addition 
of calcium carbonate nanoparticles. Polarized optical microscopy 
provided the spherulitic morphology of neat polypropylene and the 
nanocomposites showing the reduction of spherulites size with the 
incorporation of nanoparticles. From isothermal crystallization results 
it was concluded that nanoparticles accelerate the crystallization 
process of polypropylene, which is in accordance with other results 
that showed the nucleation effect of calcium carbonate nanoparticles 
in the crystallization process of polypropylene.
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