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Abstract The influences of nanosized CaCO3 on the

thermal and optical properties embedded in poly(methyl

methacrylate) (PMMA) and polystyrene (PS) were investi-

gated. Calcium carbonate nanoparticles were synthesized by

in situ deposition technique, and its nano size (32–35 nm)

was confirmed by scanning electron microscope (SEM) and

X-ray studies. Nanocomposites samples of PMMA/CaCO3

and PS/CaCO3 were prepared with different filler loading

(0–4 wt%) of CaCO3 nanoparticles by solution mixing

technique. The Fourier transform infrared analysis con-

firmed that CaCO3 nanoparticles were present in the poly-

mers matrices. The morphology and elemental composition

of nanocomposites were evaluated by SEM and energy

dispersive X-ray spectroscopy. The thermal properties of

nanocomposites were characterized by differential scanning

calorimetric, thermogravimetric, and differential thermo-

gravimetry analysis, and the results indicate that the incor-

poration of CaCO3 nanoparticles could significantly

improve the thermal properties of PMMA/CaCO3 and PS/

CaCO3 nanocomposites. The glass transition temperature

(Tg) and decomposition temperature (Td) of nanocomposites

with 4 wt% of CaCO3 nanoparticles were increased by 30

and 24 K in case of PMMA/CaCO3 and 32 and 15 K in

the case of PS/CaCO3 nanocomposites, respectively. The

obtained transparent nanocomposites films were character-

ized using UV–Vis spectrophotometer which shows the

transparencies of nanocomposites are almost maintained in

visible region while the intensity of absorption band in

ultraviolet (UV) region is increased with CaCO3 nanopar-

ticles contents and these composites particles could enhance

the UV-shielding properties of polymers.

Keywords CaCO3 nanoparticles � PMMA � PS �
SEM–EDS � TG/DTG � UV–Vis shielding

Introduction

Nanoinorganic as additives into polymer system has

resulted in polymer nanocomposites exhibiting multifunc-

tional, higher performance polymer characteristics beyond

what traditional filled polymeric material possess. Multi-

functional feature attributable to polymer nanocomposites

consist of improved thermal resistance and/or flame resis-

tance, ultraviolet (UV) protection, mechanical properties,

acid resistance, rheological properties, moisture resistance,

decreased permeability, change dissipation, chemical

resistance etc. [1–7]. Through control/alteration of the

additives at the nanoscale, one is able to maximize prep-

aration enhancement of selected polymer system to meet or

exceed the requirement of current military, aerospace, and

commercial application [8].

Various nanoscale fillers, including montmorillonite,

silica, calcium carbonate, zinc oxide, aluminum oxide, etc.

reported to enhance the thermal, mechanical, and optical

properties. Nanosized calcium carbonate (CaCO3) is one of

the most common inorganic nanofillers used in the prepa-

ration of nanocomposites, and it has been widely used as

fillers in the areas of plastics, rubbers, paints, papermaking,

textiles, pigments, ceramics, medicine, pharmacy, and so

on, in virtue of its different physical and chemical
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properties and many of its important technological appli-

cations [9–13]. During the past years, many studies have

been done on the elaboration of nanocomposites system by

embedding of calcium carbonate nanoparticles into poly-

meric matrix [14–16], affording a new class of polymeric

materials which combine the properties of inorganic par-

ticles with the processability and flexibility of organic

polymer matrix.

Inorganic–polymer nanocomposites, which exhibit an

ensemble of properties of both inorganic nanoparticles and

polymers, are excellent materials for UV-shielding appli-

cations. Such composites benefit from physical flexibility

and ease of processing, which are typical characteristics

of polymers. The optical absorption spectrum is one of the

most important tools for understanding band structure and

electronic properties of pure and filled polymers. This

technique depends on the transition of some electrons

from the valence band (VB) to the conduction band (CB),

when photon energy is greater than the band energy. As a

consequence, the nanocomposites properties are strongly

influenced by the nature of the interface between the

inorganic nanoparticles, and the polymer matrix can give

rise to some unusual properties in these materials [17, 18].

Poly(methylmethacrylate) (PMMA) and polystyrene

(PS) are well known for their good optical and chemical

properties. Some researchers have reported the incorpora-

tion of ZnO, SiO2, or TiO2 nanoparticles into PMMA or PS

matrices, respectively to fabricate the transparent nano-

composites film [19–23]. On the other hand, PMMA and

PS are the important technopolymer finding application in

many sectors such as aircraft glazing, signs, lighting,

architecture, transportation, engineering, and high-perfor-

mance products. The effects of CaCO3 nanoparticles on the

thermal, mechanical, acid-resistance, optical etc. properties

of PMMA and PS have been reported [7, 24–27]. Elimat

et al. [27] indicated that the thermal conductivity of pure

PMMA increased with addition of 2 wt% CaCO3 nanofiller

and in optical properties the Urbach tail for pure PMMA is

less than that for PMMA/CaCO3 composite. Ma et al. [25]

found that increase the loading of CaCO3 in the composites

can improve the thermal stability of PMMA and the acid

resistance of CaCO3 nanoparticles in composites. Zeng

et al. [28] prepared highly transparent ZnO/PMMA–PS

nanocomposites film by effective solution mixing method,

and the film could block the UV radiation up to 97% and

allow 98% of visible light to pass through with 2 wt% ZnO

in the matrix. Tu et al. [29] developed a solution casting

approach to obtaine ZnO/PS nanocomposites film which

exhibits excellent thermal and UV-absorbing properties

than pure polystyrene.

This study is part of a systematic study of the effect of

the addition of nanofiller into polymer matrix for the pur-

pose of characterizing thermal and UV-shielding properties

of PMMA/CaCO3 and PS/CaCO3 nanocomposites. The

nanoparticles and nanocomposites were characterized by

evaluating their chemical composition through Fourier

transform infrared (FT-IR) spectroscopy, crystallinity, and

particles size of nanoparticles by XRD, their shape, size, and

distribution in polymer matrix with elemental composition

by scanning electron microscope–energy dispersive X-ray

spectroscopy (SEM–EDS). On the other hand, the influences

of CaCO3 nanoparticles on the glass transition temperature,

as well as on the decomposition temperature of the PMMA

and PS matrix were studied in detailed by differential

scanning calorimetric (DSC), thermogravimetric (TG),

differential thermogravimetry (DTG) analysis. UV–Vis

absorbance spectra were evaluated by UV–Vis double beam

spectrophotometer. In our study, an attempts were made to

demonstrate the thermal stability and UV-protection of

polymers that can be achieved by incorporation of CaCO3

nanoparticles into PMMA and PS matrices.

Experimental

Materials used

For the preparation of calcium carbonate nanoparticles,

analytical graded calcium chloride (CaCl2), potassium

carbonate (K2CO3), and poly(ethylene glycol) (PEG,

MW = 6000) were procured from Merck, India. Stabilized

methyl methacrylate (MMA) and styrene were obtained

from Alfa Aeasar, Germany. Monomers were washed three

times by 10% NaOH solution to remove inhibitors and

were kept in cool and dry place. Benzoyl peroxide (BPO)

supplied by CDH, Laboratory reagent, India, was used after

recrystallized from methanol. Organic solvents like methyl

alcohol, toluene, benzene, chloroform, acetone etc. were

used after double distillation.

Nanoparticles synthesis and nanocomposites formation

The nanoparticles of calcium carbonate were synthesized

by in situ deposition technique which was carried out in

same manure as reported earlier [30]. Calcium chloride

(11.1 g, 0.1 M) was dissolved in double distilled water

(100 mL), whereas PEG (37.2 g, 0.0062 M) separately

dissolved in hot double distilled water (100 mL). These

solutions were mixed properly by stirring and digested

gently for 12 h. Then solution of potassium carbonate

(10.6 g, 0.1 M) was then added slowly with stirring. This

solution was allowed to digest overnight, and finally the

nanoparticles were filtered, washed thoroughly with double

distilled water, till freed from PEG traces, and then dried at

383 K for 2 h. The filler was heated at about 523 K for

removing traces of moisture before compounding.
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In order to prepare PMMA/CaCO3 and PS/CaCO3

nanocomposites following steps have been taken to prepare

nanocomposites samples:

1. Appropriate ratio of CaCO3 nanoparticles were taken

in 25 ml of chloroform, and the solution was magnet-

ically stirred for 30 min at 343 K. Whitish coloured

solution was obtained.

2. The PMMA and PS were dissolved separately in

100 mL of chloroform. The solution was kept at 343 K

in magnetic stirrer for 30 min till transparent homog-

enous solution of polymers was obtained, respectively.

3. To prepare composites solution, the CaCO3 nanopar-

ticles solution was added drop by drop into the

polymers solution, and the obtained solution was also

stirred for 30 min for homogenously dispersion of

nanoparticles into the polymer matrix.

4. The solution casting method was adopted for the

preparation of thin layer nanocomposites film which

was casted on optical glass substrate and dried at

353 K for 4 h. Finally, all the samples were thermally

treated at 373 K for 10 h under vacuum.

After evaporation of the solvent whitish-colored transpar-

ent films with thickness of about 25 lm were obtained

(Table 1).

Characterization of nanoparticles and nanocomposites

The chemical structure of the synthesized CaCO3 nanopar-

ticles, PMMA/CaCO3, and PS/CaCO3 nanocomposites were

analyzed by FT-IR spectroscopy with Thermo Nicolet,

Avatar 370, HATR assembled instrument. The crystal phase

and particles size of the synthesized nanoparticles were

detected by XRD analysis with a Bruker AXS D8 Advance

XRD instrument using Cu Ka (k = 0.15406 nm) radiation

under the accelerating voltage 40 kV current 35 mA and

scanning rate 0.020�/s (scan range 2h = 3�-70�). The SEM

analysis of nanoparticles and its distribution in PMMA and

PS matrix was done by JEOL Model JSM—6390LV SEM

instrument. The detection of elemental composition of

nanoparticles and nanocomposites were carried out by EDS

with JEOL Model JED–2300 instrument. UV–Vis absorp-

tion spectra of nanocomposites in chloroform were obtained

using a Systronics Double Beam Spectrophotometer 2201.

Thermal stability of the pure polymers and composites was

determined by TG and DTG analysis under flowing N2

(80 mL min-1) and a heating rate of 293 K min-1. The test

was performed on Perkin Elmer Diamond TG/DTA instru-

ment. The glass transition temperatures of pure polymers

and nanocomposites were characterized by DSC (Netzsch

DSC 204). All measurements on DSC were performed using

instrument in the temperature range from 303 to 473 K

under nitrogen atmosphere (heating rate 283 K min-1).

Results and discussion

XRD characterization of CaCO3 nanoparticles

Figure 1 showed the diffractograms of CaCO3 nanoparti-

cles for evaluation of particles diameter. For CaCO3

nanoparticles, the diffraction peaks were observed at 2h
values of 29.399�, 35.996�, 39.426�, and 48.510� which

corresponded to CaCO3 crystal as calcite. All the peak

positions were basically consistent with standard data for

CaCO3 structure (JCPDS card No. 47-1743). The results

demonstrated that the sample was pure phase nanoparticles

of CaCO3 that shows high magnification peak at diffraction

angle of 29.39� [31]. The full width at half maximum

(FWHM) was measured, and particle size was calculated

using the Debye–Scherrer’s formula:

D ¼ 0:9k=bcosh

where k = wavelength of X-ray (0.1541 nm), b = FWHM

(0.239�, 0.255�, 0.240�, and 0.269�), h = diffraction angle

in radian and D = particles diameter. The sample powder

has an average particles diameter 33 nm.

FT-IR spectra of CaCO3 nanoparticles, PMMA/CaCO3,

and PS/CaCO3 nanocomposites

In the FT-IR spectra of calcium carbonate nanoparticles

of calcite forms show strong absorption bands at 1490,

875, and 712 cm-1. These bands were attributable to the

vibration of carbon–oxygen double bond in the carbonate

ion, and the corresponding FT-IR spectra show sharp bands

at 875 and 712 cm-1 which is the characteristics of calcite

[32] (Fig. 2).

In the FT-IR spectra of PMMA/CaCO3 nanocomposites

(Fig. 3), the bands at 2994 and 2952 cm-1 are due to CH2

and CH3 stretching vibrations of PMMA, respectively. A

band at 1723 cm-1 appeared due to the presence of ester

carbonyl group stretching vibration of PMMA. Bands

at 1274 and 1150 cm-1 can be explained owing to the

C–O (ester bond) stretching vibration. Bands at 992 and

751 cm-1 are due to the bending of C–H bond. The bands

at 1490, 875, and 710 cm-1 in PMMA/CaCO3 nanocom-

posites show the dispersion of CaCO3 as calcite form in the

Table 1 Composition and sample code of PMMA/CaCO3 and PS/

CaCO3 nanocomposites used in this investigation

PMMA/CaCO3 (wt%) 0 1 2 4

Sample code PMMAO PMMA1 PMMA2 PMMA4

PS/CaCO3 (wt%) 0 1 2 4

Sample code PSO PS1 PS2 PS4
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PMMA matrix. These bands can be also seen in PS/CaCO3

nanocomposites (Fig. 4) for the incorporated CaCO3

nanoparticles in the PS matrix, and the all characteristics

bands of polystyrene like band for C–H aromatic stretching

vibration at 3082 cm-1, the C–H stretching vibration at

2942 cm-1, and phenyl ring vibration at 1607, 1455, 755,

and 697 cm-1 are clearly observed in this nanocomposite.

These results clearly indicate that CaCO3 nanoparticles are

present in both polymer matrices (Table 2).

Morphology and elemental detection of the CaCO3

nanoparticles, PMMA/CaCO3, and PS/CaCO3

nanocomposites

Figure 5 represents SEM micrograph and EDS graph of the

nanoparticles and nanocomposites. Pure CaCO3 nanopar-

ticles can be clearly seen with cubic-like shape which is

typically of calcite crystal of nearly equal dimension in the

range of 30–35 nm. In order to evaluate the dispersion of
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CaCO3 nanoparticles in the PMMA and PS matrix, the SEM

were recorded for PMMA/CaCO3 and PS/CaCO3 (2 wt%)

nanocomposites.

These SEM micrographs confirmed the good dispersion

of CaCO3 nanoparticles in the polymers matrices. EDS

graph of Counts versus KeV shows that the percentage of

calcium particles in the nanopowder was 9.60 with respect

to other particles (Fig. 5a). The calcium percentage peak

found in the nanocomposites was not same as in nano-

particles graph, the reason behind this that the less intense

of the particles counts in the Fig. 5b, c may be due to

CaCO3 nanoparticles deeply dispersed in the polymer

matrices as revealed from SEM micrograph which causes

hard to remove the calcium electrons from the surface of

polymer nanocomposites films. While increase in carbon

peak in polymer nanocomposites shows a good adhesion

between the surface of CaCO3 nanoparticles and polymer

matrices.

Thermal properties

Glass transition behavior

DSC curve of PMMA/CaCO3 and PS/CaCO3 nanocom-

posites with different CaCO3 nanoparticles contents are

shown in Fig. 6, and the glass transition temperatures (Tg’s,

(exothermic peak)) were listed in Table 3. The glass tran-

sition temperatures of pure PMMA and PS in nanocom-

posites increase with CaCO3 nanoparticles contents which

were directly related to the polymers chain mobility. It was

found that the Tg of PMMA/CaCO3 nanocomposites was

higher than PS/CaCO3 nanocomposites, but the percentage

increasing of Tg was more in PS-based nanocomposites than

PMMA-based nanocomposites. As revealed from FT-IR and

SEM–EDS analysis, there was good interaction of nano-

particles and polymer matrix so due to this confinement of

the polymer chain within the nanoparticles with restriction
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Table 2 FT-IR spectroscopic data of CaCO3 nanoparticles, PMMA/CaCO3 nanocomposites (PMMA2), and PS/CaCO3 nanocomposites (PS2)

Wave number (cm1) Group Assignment

CaCO3 nanoparticles 1490, 875, 712 C=O bond in the carbonate ion t(–C–O)

PMMA/CaCO3 nanocomposites 2994, 2952 CH3–, –CH2– t(–C–H)

1723 C=O (carbonyl) t(–C–O)

1274, 1150 C–O (ester bond) t(–C–O)

992, 751 CH3–, –CH2– d(–C–H)

1490, 875, 710 C=O (Carbonate ion) t(–C–O)

PS/CaCO3

nanocomposites

3082 [CH– (aromatic) t(–C–H)

2942 –CH2–, [CH– t(–C–H)

1607, 1455 –CH=CH– (phenyl ring) t(–C=C)

1026 –CH=CH– (phenyl ring) d(-C–H)

755, 697 –CH=CH– (phenyl ring) d(–C–H) out of plane

1490, 873, 711 C=O (Carbonate ion) t(–C–O)

t stretching vibrations, d bending vibrations
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in the mobility of polymer chains and also due to agglom-

eration of nanoparticles at higher amount of CaCO3 nano-

particles. This region in the vicinity of the polymer matrix

evidently exhibits a dominant effect on the average glass

transition temperature of composites, leading to the increase

in the effective Tg due to the interaction with nanofillers and

formation of nanophases. This behavior was similar to that

observed in polycarbonate [33], polybutadiene rubber

(PBR) [15], poly (vinyl chloride) [30]-based nanocomposite

containing different nanofillers.

Thermal gravimetric analysis

The TG and DTG curve obtained in nitrogen atmosphere for

pure polymers (PMMA and PS) and nanocomposites were

shown in Figs. 7, 8, 9, 10, 11, 12, 13, and 14. The TG/DTG

curve of pure PMMA and PS have strong peak at 651 and

693 K, respectively, suggesting that random chain scission

is the main step during the polymer degradation process. In

PMMA/CaCO3 nanocomposites by loading 1, 2, and 4 wt%

of CaCO3 nanoparticles, the decomposition temperature

(Td) are 653, 660, and 675 K observed while in case of PS/

CaCO3 nanocomposites these temperatures were 696, 700,

and 708 K that show an increase of CaCO3 nanoparticles

content, the Td shifted toward higher values. The total

weight-losing ratio of pure PMMA and PS was much higher

than that of its corresponding nanocomposites, and com-

paratively PMMA/CaCO3 nanocomposites have more per-

centage increase in Td than PS/CaCO3 nanocomposites. The

results attributed a strong interaction between the polymer

chains and inorganic particles and consequently preventing
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Fig. 5 SEM micrograph and

EDS spectra of a CaCO3

nanoparticles, b PMMA/

CaCO3, and c PS/CaCO3

nanocomposites

Table 3 Tg’s of PMMA/CaCO3 and PS/CaCO3 nanocomposites with

0–4 wt% loading of CaCO3 nanoparticles

Fillers (%) Tg of PMMA/CaCO3

nanocomposites (K)

Tg of PS/CaCO3

nanocomposites (K)

0 348.9 339.2

1 350.1 353.6

2 376.7 369.1

4 379.0 371.5
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thermal degradation of PMMA and PS polymer matrix.

The results show that by the addition of CaCO3 nano-

particles in PMMA and PS polymer matrix, the Td of

these pure polymers were shifted towards higher values in

comparison with other nanofillers such as Al2O3, ZnO

[34], and clay [35].

UV-shielding properties of PMMA/CaCO3 and PS/

CaCO3 nanocomposites

Figures 15 and 16 present the UV–Visible absorbance

of PMMA/CaCO3 and PS/CaCO3 nanocomposites,

respectively. The UV absorbance intensity increased as the
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nanoparticles wt% increased. The absorption peak

appeared at 335 nm for PMMA/CaCO3 nanocomposites

and about 355 nm for PS/CaCO3 nanocomposites. The

intensity of this absorbance peak increases with nano-

particles content, and energy band gap of CaCO3 nano-

particles (*5 eV) [36] was decreased to *3.7 eV in

PMMA/CaCO3 and *3.5 eV in case of PS/CaCO3

nanocomposites. There was least UV absorbance in both

pure polymers, and the absorbance intensity of PS/CaCO3

was greater than the PMMA/CaCO3 nanocomposites. This

optical change is caused by a quantum effect of the

nanoparticles when size of particles is reduced to a

nanoscale [37–39], and adding CaCO3 in polymer matri-

ces may cause the localized states of different colour
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centers to overlap and extend in the mobility gap. This

overlap may give us evidence for decreasing energy gap

with the addition of nanosized CaCO3 in the polymer

matrix. The nanocomposites thus prepared can protect

against UV light. From these results, it can be predicted

that PS/CaCO3 nanocomposites have better UV-shielding

property as compared to PMMA/CaCO3 nanocomposites.

This means that these nanocomposites can improve

the weatherability of the polymer film and the undercoats.

As a result, it can be potentially applied to UV-shielding

materials such as fibers, coating, cosmetics, plastics

etc.
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Conclusions

Polymer nanocomposites of PMMA and PS containing

CaCO3 nanoparticles were prepared by varying the con-

centration of nanoparticles with respect to polymer matrix

through solution mixing technique. The nanoparticles

of CaCO3 were successfully synthesized using in situ

deposition technique, and the particles size was obtained in

the range of 32–35 nm confirmed by XRD and SEM

techniques. FT-IR spectral measurements concluded that

polymer nanocomposites were formed and also there was

intermolecular interaction between the polymers (PMMA

and PS) and CaCO3 nanoparticles. SEM results show the

dispersion of nanoparticles into the polymer matrixes, and

EDS results revealed that the removal of calcium electrons

on to the surface of nanocomposite film was very hard as

compared to pure CaCO3 nanoparticles, so it was further

confirmed that there would interaction between polymer
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matrix and nanoparticles. The thermal properties of

PMMA/CaCO3 and PS/CaCO3 nanocomposites were

marginally higher than respective pure polymer. Further

more, the increment in Tg of PS/CaCO3 nanocomposites

was higher than PMMA/CaCO3 nanocomposites, but

increment in Td of PS/CaCO3 nanocomposites was less

than PMMA/CaCO3 nanocomposites with increase in

nanoparticles content because the interaction between

polymers and nanoparticles which was in good concurrence

with the FT-IR and SEM analysis. The prepared nano-

composites have better UV protection than respective pure

polymers. So, this study can be exploited for the com-

mercialization in the case of polymer with higher thermal

and better UV protection materials.
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