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Abstract 

 

Nowadays, nanocomposites have attached great attention to many applications as 

packaging material, flocculating agents and adsorbents due to its improved 

mechanical properties, selective adsorption, environmental friendly and low cost. 

The objective of this article is to synthesize a nanocomposite based on starch and 

sodium montmorillonite (Starch/Na-MMT) by solution intercalation technique with 

different biopolymer to nanoclay ratios (5:1, 10:1 and 10:3, w/w). The resulting 

nanomaterial was characterized by XRD, SEM, and FTIR analysis in order to 

observe intercalation of starch into nanoclay, morphological structure and 

interaction of MMT with the starch matrix, respectively. The interaction of MMT 

into starch matrix was confirmed by FTIR due to the presence of alumina silicate 

bonds in starch/Na-MMT spectrum such as Si-O, Al-Al-OH, and Si-O-Al bending. 

The XRD patterns indicated an exfoliation process for starch/Na-MMT (10:1 and 

5:1 w/w) nanocomposites and an increase in interlayer spacing for starch/Na-MMT 

(10:3 w/w) nanocomposite. SEM analysis revealed a round shape and agglomerated 

flakes for Starch/Na-MMT.  
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1. Introduction  
 

Clay minerals have been used in several types of applications such as 

nanocomposites [1], catalysts [2], cosmetics, paints, adsorbents for removal of 

hazardous compounds [3] and solving many engineering challenges in petroleum 

cracking [4], dehumidification and water purification [5, 6]. The high demand for 

clays in wide range scientific and technological areas lies in their low cost and 

natural abundance, high adsorption and absorption capacities, fire retardancy 

among other properties [7]. In the other hand, starch has been studied for the 

production of biodegradable products because of their low cost, being natural and 

a renewable carbohydrate that can be obtained from different crops such as corn, 

wheat, rice and bean [8]. This biopolymer could replace synthetic film of 

polyethylene used in packaging and in the manufacture of medical delivery systems 

and devices [9, 10]. Recent researches have been focused on modification of 

nanoclays with polymers with the aim of improving mechanical, thermal, barrier 

and physicochemical properties [11–12].  In this work, a nanocomposite based on 

starch from bean seeds and nanoclay was synthesized by solution intercalation 

technique and characterized by FT-IR, SEM and XRD analysis in order to obtain a 

low-cost nanomaterial suitable for further applications.  

 

2. Materials and Methods 
 

2.1. Extraction of starch  

The starch from bean seeds (Phaseolus vulgaris) was obtained according to the 

methodology described by Cobana & Antezana [13]. Bean seeds were collected 

from a local market and soaked during 12 hours. Afterward, seed coats were 

removed and the seeds were milled and dried in an oven at 80°C during 24 hours. 

Dried starch was ground and sieved to obtain particle size less than 0.105 mm.   

 

2.2. Synthesis of Starch/Na-MMT nanocomposite  

Starch (0.5 g) was dissolved in 50 mL, 5 % vol. acetic acid (Sigma Aldrich) to form 

a sol by stirring at 60°C during 3 hours according to Wang et al. [14]. Then, MMT 

nanoclay (Southern Clays) was mixed into the sol during 24 hours to obtain 

different mass ratio nanocomposites (5:1, 10:1 and 10:3). The resulting mixture was 

dried in a vacuum oven at 70°C, ground and sieved.  

 

2.3. Characterization techniques  

FTIR analysis: The FTIR of starch, Cloisite Na+ and nanocomposites (5:1, 10:1 

and 10:3, w/w) samples were recorded on a Cary FTIR Model 660 of Agilent 

technologies on attenuated total reflected (ATR) mode with 4 cm-1 resolution in 

4000-400 cm-1 region.  

 

XRD analysis: This technique was carried out on a Rigaku Ultima IV 

diffractometer with Co Kα (λ=0.1789 nm) radiation in the range of 5-40° (2ϴ) 

angles. The d-spacing of MMT layers was determined by Bragg equation, where 𝜃  
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is the diffraction angle, 𝑛 is the order of diffraction and 𝜆 is the incident wavelength.  

 

2𝑑 sin(𝜃) = 𝑛𝜆 (1)  

SEM analysis: SEM analysis was performed on a Sigma HD Zeuss Scanning 

Electron Microscope at an acceleration voltage of 20 kV.  

 

3. Results and Discussion  
 

3.1. FT-IR analysis: Figure 1 shows the FTIR spectrum of starch, nanoclay and 

starch/Na-MMT nanocomposites (10:1, 5:1 and 10:3, w/w) samples.  

 

 
 

Figure 1. FTIR spectrum of (a) Na-MMT nanoclay, (b) Starch/Na-MMT (10: 3) 

nanocomposite, (c) Starch/Na-MMT (5: 1) nanocomposite, (d) Starch/Na-MMT 

(10: 1) nanocomposite and (e) Starch biopolymer. 

  

Figure 1 (a) shows a peak at 3621 cm-1 attributed to O-H stretch vibration due to 

the high amount of Al in the octahedral layer [15, 16].  The nanocomposite samples 

exhibited a reduction in the intensity of this peak indicating the effects of starch 

addition to nanoclay by hydrogen bonds formation [17]. It has been reported bands 

in starch spectra in the range 3000-3600 cm-1, which are assigned to complex 

stretching vibration associated with free inter and inter-molecular bound hydroxyl 

groups [18]. The starch spectra obtained in this work has a peak at 3280 cm-1 as 

shown Figure 1 (e) that corresponds to OH stretching vibrations of hydroxyl groups 

widely present in amylose and amylopectin chemical structure, which are the main 

constituent of starch biopolymer [19]. In addition. O-H bending of water molecules 

was observed at 1635 cm-1 for starch/Na-MMT nanocomposites [20]. According to 

Huang et al.[21], hydroxyl groups of starch can interact with hydroxyl groups on 
the surface of the clay. As is shown in Figures 1 (b-d), the C-O, C-C, C-O-H stretching 
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and C-O-H bending are observed around 1100-1200 cm-1 [22–23]. The peak at 1640 

cm-1 is assigned to the amine group. The presence of carbonyl, alcohol and amine 

functional group contributes to the formation of strong hydrogen bonds and 

interaction with other substrates [24]. The absorbance bands at 1034, 950 and 519 

cm-1 in nanoclay spectra is associated to Si-O stretching vibrations of the tetrahedral 

layer, Al-Al-OH bending and Si-O-Al bending [25–26], which also appear in 

nanocomposites spectra suggesting a successful synthesis due to the incorporation 

of polymer matrix onto Na- MMT layers [27].  

 

3.2. XRD analysis: The XRD patterns for nanoclay, starch and nanocomposites 

samples are shown in Figure 2.  

 
Figure 2. XRD patterns of (a) Na-MMT nanoclay, (b) Starch/Na-MMT (10:3) 

nanocomposite, (c) Starch/Na-MMT (5:1) nanocomposite, (d) Starch/Na-MMT 

(10:1) nanocomposite and (e) Starch biopolymer. 

 

These patterns show structural variation by intercalation or exfoliation of nanoclay 

due to the presence of biopolymer in gallery spacing. In addition, provide 

information about spacing between silicate layers [27]. Figure 2 (a) exhibited an 

intensive peak at 2ϴ angle of 9.12°, which represented an interlayer spacing (d001) 

of 1.12 nm calculated by Equation 1 [16]. The absence of this peak in starch/Na-

MMT (5:1 and 10:1, w/w) indicated that the starch intercalated, exfoliated and 

adsorbed on the Na-MMT galleries to change the performance of clay galleries [28]. 

The starch/Na-MMT nanocomposite (10:3 w/w) pattern showed a shifted peak at 

2ϴ=7.54°, hence, an increase in interlayer spacing (1.38 mm) suggesting that starch 

only intercalated on Na-MMT layers remaining a laminated structure [29]. Dennis 

et al. [28] state that intercalation refers to the case where a small amount of polymer 

moves into the gallery spacing between clay platelets (less than 20-30 Å) without 

delamination.  
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3.3. SEM analysis: The SEM micrographs used to study morphology of 

nanocomposites are shown in Figure 3, results similar to those reported by Klein et 

al. [30], the bean starch exhibited a round shape with a truncated end on one side 

and a smooth surface with no evidence of any fissures or pores as shown in Fig 3 

(a). The MMT is composed of flakes or agglomerated flakes with varied sizes. For 

the Starch/Na-MMT nanocomposites (10:1 and 5:1, w/w), the clay platelets are 

poorly dispersed and form aggregates that break upon loading, as was observed in 

the fracture surface of the starch composites. These results confirm the 

morphological change suffered by base components (nanoclay and starch) after the 

synthesis process. 

 

 
 

Figure 3. SEM micrographs of (a) Starch biopolymer, (b) Nanoclay  (c) 

Starch/Na-MMT (10: 3), (d) Starch/Na-MMT (5: 1) and (e) Starch/Na- MMT (10: 

1). 

 

4. Conclusions  
 

This work was focused on synthesizing and characterization of nanocomposites 

based on starch and nanoclay with many applications in packaging and wastewater 

treatments. The FT-IR spectrums indicated the presence of Si-O stretching 

vibrations of the tetrahedral layer, Al-Al-OH bending and Si-O-Al bending in 

nanoclay and nanocomposites (10:1, 5:1 and 10:3, w/w) samples suggesting the 

incorporation of polymer matrix onto Na- MMT layers. The XRD analysis was used 

to observe the intercalation of starch onto nanoclay. The absence of a peak at 9.12° 

in Starch/Na-MMT (10:1 and 5:1, w/w) patterns suggested an exfoliation process 

which can be attributed to the weakness of Van der Waals force. The SEM 

micrograph of starch revealed a round shape that is converted to aggregated flakes  



1638                                                                                Álvaro García-Padilla et al. 

 

 

when nanoclay was added during the synthesis.  These results indicated a 

successfull synthesis of nanocomposites based on starch and Na-MMT and 

provided information of its physicochemical characterization for further 

applications.  
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