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ABSTRACT 
The present study aimed to investigate the effect of incorporated nanoparticles of Strontium carbonate 
(SrCO3) on structural and morphological properties of thermoplastic polymer matrix polypropylene 
(PP). Strontium carbonate nanoparticles were synthesized and reinforced in polypropylene matrix in 
order to prepare PP/SrCO3 nanocomposites with filler loadings of 1%, 3%, 5% and 10% weight of PP 
by melt-mixing method. The formed SrCO3 nanoparticles size ranging from 6–9.8 nm was calculated 
by XRD analysis. The XRD findings are in good agreement with SEM results. Confirmation of 
nanocomposite formation was obtained by FTIR studies. The studies have revealed that a 
considerable change in the morphology was observed at SrCO3 filler loading of 5% weight of PP 
when compared to other filler loadings for enhanced properties and applications. 
 
Highlights 
 

 First report on the synthesis of nanocomposites based on polyolefin’s incorporated with 
SrCO3 nanoparticles. 

 Structural and morphological studies were carried out with XRD, SEM and FTIR. 
 SEM studies were in agreement with XRD reports. 
 PP/5% SrCO3 was found to be the better composite, which has the potential to exhibit good 

enhanced properties. 
 
Keywords: Strontium Carbonate Nanoparticles, Polypropylene, morphology, nanocomposites. 
__________________________________________________________________________________ 

  
INTRODUCTION 

 
Designing light weight and high strength materials has become a challenge for researchers for 
decades. Stress concentration and de-bonding are the key parameters involved during the toughening 
process of the polymer nanocomposites [1]. Nanocomposites containing low filler loadings like 
carbon nano tubes and MWNTs exhibit the desired properties compared to the conventional materials 
[2-5]. Such desired properties could be exhibited when there is a uniform dispersion of the 
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nanoparticles in the polymer matrix [6], whereas macroscopic particles of same kind of filler cannot 
provide such enhanced properties [7, 8]. Due to betterment of mechanical, thermal and electrical 
properties over the other traditional polymers, polymer nanocomposites are attracting the attention of 
the researchers and industry [9]. In fact the inorganic filler particle will act as stress concentrator in 
nanocomposite [10]. Nanocomposites have been synthesized by incorporating several inorganic fillers 
like TiO2 nano-particles, silver nano-particles, gold nano-particles and zinc oxide nano-particles etc., 
[11-13]. PP is the most commonly used commodity plastic which has the highest growth rate. Among 
several fillers CaCO3 is the most commonly used inorganic fillers in thermoplastic polymer like PP. 
PP composites find wide range of applications like sewer pipes, garden furniture etc.[14], it has been 
reported that addition of Calcium carbonate nanoparticles could able to improve thermal and 
mechanical properties of polypropylene. In early work of Chan et al., studies of mechanical and 
thermal properties of nano-CaCO3 filled PP were reported, CaCO3has been proved as one of the best 
inorganic filler in various thermo plastic polymers like polyethylene, PVC and polypropylene because 
of its most availability, low cost and providing more enhanced properties [15-17]. 
 
      There are several recent reports on PP nanocomposites. Marques et al., [18] have prepared 
polypropylene/ mica nanocomposites via in-situ polymerization and reported that the thermal stability 
of the prepared nanocomposite is better than pure polypropylene because of mica’s barrier effect 
against heat. Graphene-modified polypropylene polymer was prepared using two techniques, surface 
coating and extrusion to improve the electrical and thermal conductivity of polypropylene [19]. 
Breakage of agglomerations and homogeneous graphene-coated polypropylene pellets were prepared 
from surface coating technique, where as graphene segregation was observed in latter technique [20]. 
In another report, polypropylene (PP) nanocomposites were synthesized by reinforcing halogen-free 
flame retardants with 30 wt% of PP by melt compounding in a twin-screw extruder followed by 
injection molding technique. Flame retardancy behavior was observed from thermal studies and it was 
concluded that the PP composite was improved with increasing mineral content, indicating a good 
compatibility between huntite/hydromagnesite and PP. Shokoufeh Hakim et al., reported in their work 
thermal degradation of the PVB is improved by blending with PA, while incorporation of nanoclay 
didn’t have any significant effect on thermal stability of the blends in the  nanocomposites of  
PA/PVB blends and PA/PVB/ nanoclay [21]. Polypropylene (PP)/graphene nanoplatelet (GnPs) 
nanocomposites were synthesized by melt extrusion followed by injection molding. In their studies 
they have emphasized that the introduction of GnPs in PP provided the necessary crystallization of 
polymer matrix. Adding of large sized GnPs in small amounts is clearly beneficial for obtaining high 
electrical conductivity of nanocomposite with enhanced dispersion of fillers [22].  
 
      Despite of the global research interest in developing new polymer nanocomposites incorporated 
with inorganic metallic carbonates,SrCO3 nanoparticles has not yet been reported. This study is of 
fundamental importance to create new possibilities to obtain nanocomposites composed of 
polyolefin’s by melt mixing method.Here is an attempt that has been initiated by incorporating 
strontium carbonate (SrCO3) nanoparticles in polypropylene (PP) thermoplastic polymer matrixto 
investigate the structural, morphological and thermal properties of PP nanocomposites with filler 
loadings 1%, 3%, 5% and 10% wt. of PP by melt mixing method. 

 
MATERIALS AND METHODS 

 
Materials: The polymer matrix used in the present study is a commercial grade isotactic 
polypropylene supplied by SIGMA-ALDRICH, USA with purity 99.99%. Other chemicals like SrCl2 
and Na2CO3of analytical grade are purchased from Akshay Scientifics Ltd., India. 
  
Preparation of SrCO3 Nano powder: For the synthesis of SrCO3 nanoparticle powder, SrCl2 and 
sodium carbonate (Na2CO3) were used as the starting materials. 100 mL aqueous solution of SrCl2 of 
0.1M was mixed with 100 mL of sodium carbonate, later the mixture was stirred for 2 h. To get purity 
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the resulted reaction mixture was washed for four times. After that it was centrifuged and dried at 
60°C. As a result nanoparticle SrCO3 was obtained in the form of a powder.  
 
Synthesis of PP/SrCO3 Nanocomposites: For the synthesis of polypropylene Strontium carbonate 
nanoparticle composites melt mixing has been considered as the best technique.  In the present melt 
mixing technique 10 gm of PP was heated at 200°C for 15 min and   SrCO3 nano powder of 0.1 gm 
was mixed. The resulted mixture was stirred for 15 min, after that it was cooled for solidification. As 
a result a polymer nanocomposite of PP/SrCO3 with filler loading of nanoparticle SrCO3 of 1% wt. of 
PP was obtained. The same procedure was repeated in order to obtain PP/SrCO3 nanocomposites with 
concentrations of filler 3%, 5% and 10% wt. of PP. 
 
Methods: Bruker’s AXS Model D8 Advanced Powder X-ray Diffractometer was used for XRD 
measurements which was operated with copper (Cu) of Kα radiation as X-ray source with wavelength 
of λ=1.54056A0 for the determination of the phase of the samples. Morphology has been carried out 
by Scanning electron microscopy using the instrument Hitachi Model S4700. 

 
RESULTS AND DISCUSSION 

 
XRD Analysis: The X-ray diffractograms of pure Polypropylene, pure SrCO3and nanocomposites of 
PP filled with SrCO3 nanoparticles with filler loadings of 1, 3, 5, 10% weight of PP are as shown in 
figures 1()a to (f) respectively. By observing diffractograms, diffraction peaks of the nanocomposites 
were identified. Using Scherrer formula the average crystallite size of the SrCO3 was calculated. Due 
to drastic increase of temperature, there are strong peaks of orthorhombic structure of SrCO3XRD 
pattern [23]. The Bragg’s peaks of the crystallized powders correspond to each sample agree well 
with the reflections of pure orthorhombic SrCO3 single phase [24]. XRD patterns of all the PP/SrCO3 
nanocomposites showed the intensities of basic peaks of the (111), (021), (221) and (131) planes were 
dominant than the other peaks [25]. The mean crystallite sizes were calculated by the Scherer’s 
formula, which is given by  
 

dXRD = ఒ
ఉ௦ఏ

 
 

Where’ ’ is the of diffraction Bragg’s angle; ‘k’ is the shape factor depends on shape of crystallite. 
By assuming the shape of crystallite to be spherical, it is taken as 0.94. ‘λ’ is the wavelength of X-rays 
(λ =1.54056 A0 for Kα  of ‘Cu’) and ‘β’ is the full – width at half maximum (FWHM) [26]. From XRD 
patterns and calculations, it is concluded that the width of peak (221) has decreased with the increase 
of filler loadings up to 5% and later increased. Increase of degree of crystallinity was observed for 
nanocomposites up to 5% weight of the filler loadings and later decreased due to the agglomeration of   
SrCO3 nanoparticles in the host polypropylene matrix. The details of XRD diffractograms like 
FWHM, mean crystallite size, Mean Lattice strain and d-values (Fig 2) of nanocomposites with filler 
percentages 1%, 3%, 5% and 10% wt. of PP are presented in table 1.  
 
      It is observed from the table that the average values of d are in nanometric orders. So it is 
confirmed that the composites are in the nanometric sizes by the values determined by Scherer’s 
formula and XRD generated data. Hence there has been a confirmation of crystalline structure in the 
nanocomposites as the increase in average crystallite sizes with increase in the percentage of filler 
content. It is also observed that the lattice strain is very less at the filler loading of 5% weight of 
formed nanocomposite. It shows that there is a good crystalline formation and good nanoparticle 
dispersion in the nanocomposite of PP/SrCO3at filler loading of 5% when compared to other loadings. 
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                                         (a)                                                                                              (b) 

 

           
                                                 (c)           (d) 
 

            
                                                  (e)                                                                                               (f) 
 

Figure 1. XRD diffractograms of (a) pure PP (b) pure SrCO3 (c) PP/1% SrCO3(d) PP/3%SrCO3  
(e) PP/5% SrCO3  and (f) PP/10% SrCO3. 

 
      Morphological studies of PP/SrCO3Nanocomposites: The impact of fracture surfaces on the 
study of mechanical properties of nanocomposites are significantly affected due to dispersion of 
nanoparticles [27, 28]. The distribution of nanoparticles in the composite morphology of 
nanocomposites has been evaluated by scanning electron microscopy. SEM images of PP/SrCO3 
nanocomposites are as shown in figure 3(a) to (e) which reveals the morphology of a fractured surface 
of the nanocomposites for different filler contents. The fractured surface of pure polypropylene is 
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smooth, where as good dispersion of nanoparticle is found in the micro graphs of PP with   
SrCO3filler loadings of 1%, 3%, 5% and 10% weight of PP.  
 
      A better dispersion is found for nanocomposite containing 5% w/w   SrCO3 nano particles. The 
composite containing the filler content of 10% w/w, aggregates of nanoparticles are observed. The 
SEM images of the nanocomposites were analyzed and the obtained crystallite sizes were compared 
with the values obtained from XRD using Scherrer formula. The mean values of crystallite sizes 
calculated from XRD ranges from 6-10 nm are in good agreement with the values as observed from 
SEM studies. 
 

 
Table 1. Details of XRD patterns of PP/SrCO3nanocomposites in different crystallography 

orientations with various filler loadings of PP. 
 

Sample 
(composite) 

Miller 
Indices 

(hkl) 
2 FWHM d (nm) 

Mean crystallite 
size 

<d> (nm) 

Lattice 
Strain 

Mean 
Lattice 
strain 

PP/1%   
SrCO3 

(111) 25.149 0.8955 9.5 
6.0713 

0.0175 
0.02583 (021) 27.985 1.492 5.729 0.0261 

(221) 42.089 2.985 2.985 0.0339 

PP/3%   
SrCO3 

(111) 25.597 0.8955 9.51 
6.78 

0.0172 
0.01906 (130) 36.493 1.4925 5.86 0.0198 

(221) 42.388 1.791 4.97 0.0202 

PP/5%   
SrCO3 

(111) 25.597 0.8955 9.51 
9.756 

0.0172 
0.0128 (130) 36.791 0.8955 9.77 0.0117 

(221) 44.402 0.897 9.99 0.0096 

PP/10%   
SrCO3 

(111) 25.298 0.8953 9.5 
8.95 

0.0174 
0.01373 (130) 39.896 0.8955 9.86 0.0108 

(221) 43.582 1.194 7.49 0.0130 

 

 

Figure 2. Comparison of FWHM, mean lattice strain and mean crystallite size. 
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                               (a) SEM image of pure PP                                            (b) SEM Image of SrCO3 nano particles 

 

          
                             (c) SEM image of PP/1% SrCO3                                        (d) SEM image of PP/3% SrCO3 
 

                      
                       (e) SEM image of PP/5% SrCO3                                      (f) SEM image of PP/10% SrCO3 
 

Figure 3. SEM images of (a) pure polypropylene (b) pure SrCO3 (c) PP/1% SrCO3 (d) PP/3%SrCO3  
(e) PP/5% SrCO3 and (f) PP/10% SrCO3. 

 

 
 

Figure 4.  FT-IR spectra of pure PP, PP/1% SrCO3 (d) PP/3%SrCO3 (e) PP/5% SrCO3 
 and (f) PP/10% SrCO3. 
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FT-IR Analysis of PP/SrCO3 Nanocomposites: Figure 4 shows FTIR spectra of pure PP, polymer 
PP reinforced with SrCO3 nanoparticles with filler loadings of 1%, 3%, 5% and 10%. The IR spectrum 
range 400-3500 cm-1 show well pronounced broad intense peaks in both polypropylene and SrCO3. 
The IR bands at 693.3– 856 cm-1 correspond to in plane and out plane bending of CO3

-2. The IR bands 
at 1462 cm-1 correspond to asymmetric C-O stretching vibrational mode [29]. The IR bands between 
2960- 2850 cm-1 correspond to C-H stretching mode, where as 1000- 675 cm-1 correspond to C-H 
bending mode of the polymer; 1470-1350 cm-1scissoring and bending mode [30]. 
 

APPLICATON 
 

Despite of the global research interest in developing new polymer nanocomposites incorporated with 
inorganic metallic carbonates, SrCO3 nanoparticles has not yet been reported. This study is of 
fundamental importance to create new possibilities to obtain nanocomposites composed of 
polyolefin’s by melt mixing method. Here is an attempt that has been initiated by incorporating 
strontium carbonate (SrCO3) nanoparticles in polypropylene (PP) thermoplastic polymer matrix to 
investigate the structural, morphological and thermal properties of PP nanocomposites with filler 
loadings 1%, 3%, 5% and 10% wt. of PP  by melt mixing method.  
 
      Here PP with filler loading of nanoparticle SrCO3 with 5% wt. of PP has been considered as  a 
good thermoplastic nanocomposite, which can exhibit  good enhanced properties compared to other 
synthesized nanocomposites as well as the conventional  thermo plastic polymers. They can be 
utilized in several thermoplastic applications by examining the composites with thermal, mechanical 
and electrical studies. 
 

CONCLUSIONS 
 

Polymer nanocomposites of PP with various filler loadings of SrCO3 containing 1, 3, 5 and 10% 
weight of PP have been successfully synthesized by melt mixing method. The conformation of the 
formation of the nanocomposites was obtained from the XRD, SEM and FTIR studies. A considerable 
decrease in the lattice strain has been noted at the filler loadings of 5% weight of the filler in the 
polymer matrix, it has also been observed a good dispersion of nano particles at the same filler 
loadings by SEM micro graphs. In fact the well dispersed nanoparticles act as stress concentrators and 
load bearing centers, which supports the present obtained results. Hence PP with filler loading of 
nanoparticle SrCO3 with 5% wt. of PP can be a good thermoplastic nanocomposite, which can exhibit 
good enhanced properties compared to other synthesized nanocomposites as well as the conventional 
thermo plastic polymers. They can be utilized in several thermoplastic applications by examining the 
composites with thermal, mechanical and electrical studies.    
 

ACKNOWLEDGMENT 
 

The Authors acknowledge School of Science, Engineering and Technology research team of Central 
University, Hyderabad for their support in synthesizing the samples and XRD studies. Authors also 
wish to acknowledge Indian Institute of Chemical Technology (IICT), Hyderabad in rendering SEM 
and Centre for Research and Advanced Laboratories, Andhra University Visakhapatnam for FTIR 
studies of nanocomposites. 
 

REFERENCES 
 

[1]. D. Eiras, L. A. Pessan, Mechanical properties of polypropylene/calcium carbonate 
nanocomposites,  Mater. Res., 2009, 12( 4), 517-522. 

[2]. E. T. Thostenson, Z. Ren, T.-W. Chou, Advances in the science and technology of carbon 
nanotubes and their composites: a review, Composites Science and Technology,  Elsevier 
2001, 61(13), 1899–1912. 



P.S.V. Shanmukhi et al                                    Journal of Applicable Chemistry, 2018, 7 (4):919-927 

www. joac.info 926 

 

[3]. P. C. Ma, N. A. Siddiqui, G. Marom,  J. K. Kim, Dispersion and functionalization of carbon 
nanotubes for polymer-based nanocomposites: A review, Compos. Part A Appl. Sci. Manuf., 
2010,  41(10), 1345–1367. 

[4]. T. Zhou, J. W. Zha, Y. Hou, D. Wang, J. Zhao, Z. M. Dang, Surface-functionalized MWNTs 
with emeraldine base: Preparation and improving dielectric properties of polymer 
nanocomposites, ACS Appl. Mater. Interfaces, 2011, 3(12), 4557–4560. 

[5]. M. R. Ayatollahi, S. Shadlou, M. M. Shokrieh, M. Chitsazzadeh, Effect of multi-walled carbon 
nanotube aspect ratio on mechanical and electrical properties of epoxy-based nanocomposites,  
Polym. Test., 2011, 30( 5), 548-556. 

[6]. Q. Wang, L. Zhu, Polymer nanocomposites for electrical energy storage,  J. Polym. Sci. Part B 
Polym. Phys., 2011, 49(20), 1421-1429. 

[7]. J. F. Moll et al., Mechanical reinforcement in polymer melts filled with polymer grafted 
nanoparticles,  Macromolecules, 2011, 44(18),7473-7477. 

[8]. L. Cauvin, D. Kondo, M. Brieu, N. Bhatnagar, Mechanical properties of polypropylene layered 
silicate nanocomposites: Characterization and micro-macro modelling, Polym. Test., 2010, 
29(02), 245–250. 

[9]. C. Silvestre, D. Duraccio, S. Cimmino, Food packaging based on polymer nanomaterials, 
Prog. Polym. Sci., 2011, 36(12), 1766-1782. 

[10]. S. Y. Fu, X. Q. Feng, B. Lauke,  Y. W. Mai, Effects of particle size, particle/matrix interface 
adhesion and particle loading on mechanical properties of particulate-polymer composites, 
Compos. Part B Eng., 2008, 39(6), 933-961. 

[11]. R. Dastjerdi, M. Montazer, A review on the application of inorganic nano-structured materials 
in the modification of textiles: Focus on anti-microbial properties, Colloids Surfaces B 
Biointerfaces, 2010, 79(1), 5-18. 

[12]. N. Raman, S. Sudharsan, K. Pothiraj, Synthesis and structural reactivity of inorganic-organic 
hybrid nanocomposites - A review, J. Saudi Chem. Soc., 2012, 16( 4), 339–352. 

[13]. Y. Haldorai, J. J. Shim K. T. Lim, Synthesis of polymer-inorganic filler nanocomposites in 
supercritical CO2, J. Supercrit. Fluids, 2012, 71, 45-63. 

[14]. C. Grein, Toughness of neat, rubber modified and filled β-nucleated polypropylene: From 
fundamentals to applications,  Adv. Polym. Sci., 2005, 188,  43–104. 

[15]. M. J. Forrest, Analysis of Plastics, Rapra Review Report No. 149, Rapra Technologies Ltd. 
Shrewsbury, UK 2002, 13(5), 146. 

[16].  Z. Zhang, C. Wang, Y. Meng, K. Mai, Synergistic effects of toughening of nano-CaCO3and 
toughness of β-polypropylene, Compos. Part A Appl. Sci. Manuf.,  2012, 43(1), 189-197. 

[17]. M. Y. A. Fuad, H. Hanim, R. Zarina, Z. A. M. Ishak, A. Hassan, Polypropylene/calcium 
carbonate nanocomposites - effects of processing techniques and maleated polypropylene 
compatibiliser, Express Polym. Lett.,  2010, 4(10), 611–620. 

[18]. L. A. Almeida, M. de F. V. Marques, K. Dahmouche, Synthesis, structure, and thermal 
properties of new polypropylene nanocomposites prepared by using MgCl 2 -mica/TiCl 4 based 
catalyst,  J. Appl. Polym. Sci., 2018, 135(1), 45587. 

[19]. K. Al Imran, J. Lou, K. N. Shivakumar, “Enhancement of electrical and thermal conductivity 
of polypropylene by graphene nanoplatelets,” J. Appl. Polym. Sci., 2018, 135(9), 45833. 

[20]. M. Yurddaskal, E. Celik, Effect of halogen-free nanoparticles on the mechanical, structural, 
thermal and flame retardant properties of polymer matrix composite,” Compos. Struct., 2017, 
183 (1), 381-388. 

[21]. A. R. Zanjanijam, S. Hakim,  H. Azizi, Rheological, mechanical and thermal properties of the 
PA/PVB blends and their nanocomposites: Structure-property relationships,  Polym. Test., 
2018, 66, 48–63. 

[22]. Y. S. Jun, J. G. Um, G. Jiang, G. Lui, A. Yu, Ultra-large sized graphene nano-platelets (GnPs) 
incorporated polypropylene (PP)/GnPs composites engineered by melt compounding and its 
thermal, mechanical, and electrical properties,” Compos. Part B Eng., 2018, 133, 218–225. 

[23]. M. A. Alavi, A. Morsali, Syntheses and characterization of Sr(OH)2 and SrCO3 nanostructures 
by ultrasonic method, Ultrason. Sonochem., 2010, 17(1), 132-138. 



P.S.V. Shanmukhi et al                                    Journal of Applicable Chemistry, 2018, 7 (4):919-927 

www. joac.info 927 

 

[24]. S. Ni, X. Yang, T. Li, Hydrothermal synthesis and photoluminescence properties of SrCO3, 
Mater. Lett., 2011, 65(4), 766–768. 

[25]. T. Thongtem, N. Tipcompor, A. Phuruangrat, S. Thongtem, Characterization of SrCO3 and 
BaCO3 nanoparticles synthesized by sonochemical method, Mater. Lett.,  2010, 64(4), 510-
512. 

[26]. L. Chen et al., Synthesis of barium and strontium carbonate crystals with unusual 
morphologies using an organic additive, Russ. J. Phys. Chem. A, 2013, 87(13),  2239–2245. 

[27]. P. Mareri, S. Bastide, N. Binda, and A. Crespy, Mechanical behaviour of polypropylene 
composites containing fine mineral filler: Effect of filler surface treatment, Compos. Sci. 
Technol., 1998, 58(5), 747–752. 

[28]. L. C. Tang et al., The effect of graphene dispersion on the mechanical properties of 
graphene/epoxy composites, Carbon N. Y., 2013, 60, 16–27. 

[29]. J. R. Bargar, J. D. Kubicki, R. Reitmeyer, J. A. Davis, ATR-FTIR spectroscopic 
characterization of coexisting carbonate surface complexes on hematite, Geochim. Cosmochim. 
Acta, 2005, 69(6), 1527–1542. 

[30]. R. Al-Oweini, H. El-Rassy, Synthesis and characterization by FTIR spectroscopy of silica 
aerogels prepared using several Si(OR)4 and R′′Si(OR′)3 precursors, J. Mol. Struct.,  2009, 
919(1–3),140–145. 


