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Graphene nanoplatelets (GNP) were incorporated into thermoplastic 
starch (TPS) films, and effects on water absorption and mechanical 
properties were investigated. GNP inclusion formed a barrier that 
significantly reduced water absorption, resulting in denser TPS/GNP films. 
Fourier-transform infrared spectroscopy (FTIR) revealed changes in 
chemical interactions, and FESEM analysis showed improved GNP 
dispersion at this concentration. Water contact angle results indicated 
increased hydrophobicity with higher GNP content. Positive influences on 
mechanical properties, such as tensile strength and Young's modulus, 
were observed at 12 wt% GNP, but excessive GNP content caused 
agglomeration and reduced ductility. The study results highlight the 
potential of GNP-reinforced TPS films for improved water resistance and 
mechanical properties, emphasizing the need for careful optimization in 
future research. 
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INTRODUCTION 
 

Currently, renewable and biodegradable biopolymers have attracted considerable 

interest as promising green materials in a variety of applications, including intelligent food 

packaging, biomedical, membranes, and automotive. Their sustainability, biodegradability, 

and use of eco-friendly methods are crucial for the future of packaging materials (Cataldi 

et al. 2018; Chia et al. 2023). Starch, as the second most important renewable source after 

cellulose, stands out as an abundant and biodegradable polysaccharide (Cheng et al. 2021). 

It has been a key ingredient in food applications, offering sweetness, thickness, binding, 

and emulsifying properties (Yemenicioğlu et al. 2020). Thermoplastic starch (TPS) is a 

biodegradable polymer and derived from natural starch. It is extracted from sources such 

as corn, wheat, and potato. It can be processed using conventional thermoplastic processing 

techniques, making it a versatile material for various applications (Bumrungnok et al. 

2023).  
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However, the TPS and other biodegradable composites face challenges including a 

highly hydrophilic nature, poor mechanical capabilities, and insufficient thermal stability 

for various applications, such as intelligent food packaging, biomedical, membranes, and 

automotive. Researchers aim to enhance the properties of TPS Theand biodegradable 

composites, striving to create innovative composite materials that can overcome existing 

limitations (Vinod et al. 2020; George et al. 2020; Arpitha et al. 2022). Additionally, it has 

some limitations in terms of its mechanical and barrier properties. Thus, researchers are 

exploring starch modification techniques to improve its properties and develop novel 

composites. The addition of nanofillers to TPS can be an effective way to tailor its 

properties for specific applications (Chen et al. 2020). There are different types of 

nanofillers that can be used to enhance the properties of TPS, including cellulose 

nanofibers, nanoclays, and carbon (Shahbazi et al. 2017).  

Graphene, a two-dimensional structure consisting of sp2-bonded carbon atoms, has 

been regarded as one of the most effective nanofillers for the modification of other 

materials. The addition of graphene nanoplatelets (GNP) is expected to improve the 

stiffness, strength, thermal tolerance, and electrical conductivity of TPS, making it suitable 

for a wider range of applications (Mohan et al. 2021a; Khalid et al. 2022; Namdev et al. 

2023). Incorporating GNP is one of the cost-effective carbon materials that possess the 

unique ability to transform the mechanical properties of polymers. GNP possess 

exceptional mechanical properties, such as high tensile strength and flexibility. This can 

make biofilms more robust and durable, allowing for applications in areas where strength 

is crucial, such as in packaging materials or coatings (Scaffaro et al. 2017). GNP has a high 

gas barrier property, which can improve the shelf life of food packaging made from 

thermoplastic starch. It also has interesting properties such as being light, having a high 

aspect ratio, being electrically and thermally conductive, being tough, costing little, and 

having a flat structure (Cataldi et al. 2018). Furthermore, GNP can also interact with water 

molecules through van der Waals forces, which can further reduce the amount of available 

water that can penetrate the matrix.  

The aim of this research was to fabricate biocomposite films using sugar palm 

starch as the base material. Because TPS has the ability to use water as a universal solvent, 

it can facilitate the even distribution of GNP nanoparticles within the polymer matrix. 

Therefore, this study examines the influence of GNP nanoparticles on the morphological 

and mechanical characteristics at different concentrations. 

 

 
EXPERIMENTAL 
 

Materials 
The TPS was prepared from sugar palm tree at Jempol, Negeri Sembilan, Malaysia. 

The GNP nanoparticles in powder form (particle size of < 2 μm, the thickness of few nm, 

and surface area of 300 m2/g) and glycerol (≥ 99.0%) were procured from Sigma Aldrich, 

Darmstadt, Germany. 

 

Fabrication of TPS/GNP Film  
Briefly, solution was prepared by combining 7.0 g of powdered sugar palm starch 

with glycerol plasticizer at a ratio of 30% w/w starch basis. This mixture was then dissolved 

in 180 mL of distilled water. The TPS with various concentration of GNP nanoparticles 

(0.75, 1.5, 3, 6, 12, and 15 wt%) was agitated using a magnetic stirrer at 1,000 rpm and a 
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temperature at 90 C for a duration of 50 min. Subsequently, the prepared TPS/GNP 

composites were homogenized using the Ultra-Turrax T25 digital homogenizer (Janke & 

Kunkel, IKA-Labortechnik, Staufen, Germany) at a speed of 10,000 rpm for 10 min.  

Both TPS and TPS/GNP films were fabricated via the solution casting technique. 

To initiate proper drying, 80 mL of the sample was cast onto designated plates and dried 

in an oven at 105 C for 24 h. The resulting films, ranging from 0.1 to 0.3 mm in thickness, 

were delicately peeled off from the plates and stored under ambient conditions (25 ± 2 °C 

and 55 ± 1% relative humidity (RH)) to prevent any moisture absorption. 

 

Density and Swelling Ratio 
The water absorption test was performed using ASTM D570-98 (1998). Initially, 

the film samples were dried for 24 h at a temperature of 105 °C, and their weights were 

recorded in grams, M0. Subsequently, the samples were immersed in deionized water at 

room temperature, and the weight gain of the specimens was measured as a function of 

time after removing any water present on their surfaces, Mt. The difference between the 

initial and final masses was determined by applying Eq. 1: 

Water absorption (%) =
(M𝑡-M0)

M0
      (1) 

Samples were determined utilizing Electronic Densimeter MD-3005, and ASTM 

D792-00 (2000). The preliminary dry matter of each sample was determined. The film 

samples were weighed (m) before being immersed into the liquid of volume (V) solvent. 

The sample's density (ρ) was calculated using Eq. 2: 

ρ = m/V         (2) 

The quantity of GNPs incorporated into the matrix directly affects the film’s density. In 

addition, to evaluate the density of GNP content, seven conditions with 0 to 15 wt% GNPs 

were tested three times for each sample and the average value was measured. 

 

Characterization 
Contact angle measurements for the film surface characterization were performed 

with the Ossila Contact Angle Goniometer (L2004A1) (Ossila BV, Leiden, Netherlands) 

equipped with a digital camera (CCD). The contact angle of the films was estimated by the 

sessile drop method, whereby, a droplet of distilled water (10 μL) was deposited on the 

surface of 1.5 cm x 1.5 cm films using an automatic piston pipette. The digital camera was 

placed horizontally to capture the drop image. An image analyzer software (Profile 

Analysis Tensiometer PAT-1, (Sinterface, Berlin, Germany) was used to measure the angle 

formed between the surface of the film in contact with the drop and the tangent to the drop 

of liquid at the point of contact with the film surface. Both film surfaces were tested, and 

five measurements were performed on each side of the film.  

The functional group of the all samples were determined using attenuated total 

reflectance Fourier transform infrared, ATR-FTIR (ALPHA FTIR Spectrometer, Bruker, 

Billerica, MA, USA) in the range of 4000 to 500 cm-1 at a resolution of 1 cm-1. The effect 

of incorporation of nanofiller on the mechanical properties of starch nanocomposites was 

analyzed by tensile strength, Young’s modulus, and elongation at break from the stress-

strain data conducted using Instron® Electromechanical Universal Testing Systems 3300 

Series with a load cell of 1 kN with a grip distance of 50 mm and a crosshead speed of 5 

mm/min at room temperature. Each sample included five tested replicates to obtain a 
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reliable mean and standard deviation. According to the test, tensile stress, strain, elongation 

at break, and Young’s modulus were determined.  

The morphology of all the materials, including neat graphene nanoplatelets, neat 

sugar palm starch, TPS/GNP film and the morphological structure of fractured films was 

observed by field emission scanning electron microscope (FESEM) (Merlin Compact, 

Zeiss Pvt Ltd., Oberkochen, Germany). The samples were mounted on an aluminum 

sample mount before being sputtered with iridium sputter coater (Quorum, East Sussex, 

United Kingdom) to prevent charging.  

 

 

RESULTS AND DISCUSSION 
 
Water Diffusion 

To identify the effect of GNP nanoparticles on the water diffusion of the prepared 

sample, an analysis of water uptake kinetics was performed and analyzed according to the 

Fick’s transition equation below (Muthukumar et al. 2022),  

𝜕𝐶

𝜕𝑡
 =D (

𝜕2𝐶

𝜕𝑥2)         (3) 

where C is the water concentration mg/m3, 𝑡 is a time (min), x is the distance into the 

thickness sample (m), and D is the diffusion coefficient (m2/min). The diffusion coefficient 

can be described based on the Fick’s second law, where 
𝑀𝑡

𝑀∞
≤ 0.6 can be reduced to: 

𝑀𝑡

𝑀∞
 =

4

𝜋
1

2⁄
(

𝐷𝑡

ℎ
2)

1 2⁄

        (4) 

For 
𝑀𝑡

𝑀∞
> 0.6, the equation can be reduced to, 

𝑀𝑡

𝑀∞
 =1 − exp [−7.3 (

𝐷𝑡

ℎ
2)

0.75
]       (5) 

where Mt and M∞ are the water uptake at the time t and equilibrium. The influence of GNP 

nanoparticles at concentrations of 0, 0.75, and 12 wt% is depicted in Fig. 1 and fitted based 

on the Fick’s second law of diffusion and the data is tabulated in Table 1.  

The graph indicates that, initially, the water uptake rate was rapid, followed by a 

gradual increase until reaching equilibrium state. The neat TPS layer exhibited the highest 

water absorption, as TPS possesses strong hydrophilicity, making it prone to notable water 

absorption compared to other composites. However, water absorption drastically decreased 

with increased GNP content. The incorporation of GNP nanoparticles demonstrates an 

effective reduction in water absorption of the TPS/GNP films.  

This can be attributed to the barrier formation by GNP nanoparticles, which hinders 

water penetration into the TPS matrix. Graphene nanoplatelets possess hydrophobic 

properties, rendering them highly impermeable to water (Namdev et al. 2023). The 

introduction of GNP into the TPS matrix forms a network structure that restricts the 

availability of free space for water molecules to permeate the matrix. Consequently, the 

water absorption capacity of the starch matrix is reduced. The incorporation of GNP creates 

a barrier that limits the penetration of water, thereby mitigating the moisture uptake by the 

TPS material. Incorporating GNP nanoparticles resulted in a substantial enhancement of 

the coefficient of diffusion, D, according to Fick's law, reaching 3.12 x 10-6 cm-2s-1. 
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The density of the films can contribute to understanding the water diffusion process. 

The density of the TPS films at varying GNP loadings is given in Table 1. All the TPS/GNP 

films showed higher density relative to the TPS based film. As can be seen, the TPS with 

the 0.75 wt% of GNP had the lowest density, with value 1.27 g/cm3. The increase in density 

was directly attributed to the density of GNP nanoparticles, which was 2.21 g/cm3 at a 

temperature of 25 °C. This indicates that as the density of the nanoparticles increased, the 

overall density of the TPS/GNP films also increased up to 1.61 g/cm3. It is possible that 

because GNP nanoparticles served as a nanofiller, it reduced the void spacing between the 

starch particles, resulting in a denser film (Ahmad et al. 2015). 
 

 
 

Fig. 1. Water absorption uptake of TPS and TPS biocomposites films at room temperature 

 
Table 1. Diffusion and Density of TPS and TPS Biocomposites Films in the 
Addition of GNP Nanoparticles 

Films Fick’s Law Coefficient of Diffusion, D 
(x 10-6 cm-2.s-1) 

Density 
(g/cm3) 

Neat TPS 4.253 1.04 

TPS/0.75GNP 4.158 1.33 

TPS/1.5GNP 3.554 1.52 

TPS/3GNP 3.423 1.40 

TPS/6GNP 3.117 1.52 

TPS/12GNP 3.982 1.47 

TPS/15GNP 3.955 1.61 

 
Chemical Characteristics 

Fourier transform infrared (FTIR) spectroscopy was employed to investigate the 

chemical interactions and molecular structure of TPS films, as shown in Fig. 2. There was 

a wide band ranging from 3200 to 3300 cm-1, which indicates a strong stretching of the O-

H group, rendering the TPS film highly hydrophilic (Sohany et al. 2021; Bidari et al. 2023). 

This implies that the substance demonstrates a notable attraction towards water molecules. 

However, it is worth noting that the incorporation of 12 wt% GNP into the TPS film led to 

a substantial decrease in the observed bending of OH bonds, suggesting a potential impact 

on its water absorption capabilities (Mohan et al. 2022). Moreover, a distinctive band was 

identified between 1637 and 1647 cm-1, indicating the bending of OH bonds of water 

molecules. This observation confirms the hygroscopic nature of thermoplastic starch, 

implying its ability to readily absorb and interact with water (John et al. 2020). Another 
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notable feature in the spectra is the absorbance peak found between 2924 and 2931 cm-1, 

attributed to the C-H stretching vibration of the C-H methyl group (Nordin et al. 2020). 

 

 
 

Fig. 2. FTIR spectrum of TPS and TPS biocomposites films with the addition of 0.75 and 12% 
GNP 
 

Surface Morphology 
To assess the dispersion of GNP nanoparticles within TPS films, the morphological 

structures of neat TPS, GNP, and reinforced biocomposite films of TPS/GNP were 

examined using FESEM (see Fig. 3). The GNP nanoparticles in Fig. 3(a) showed a distinct 

size ratio of the particles and short stacks of platelet-shaped graphene sheets. These layers 

are held together by van der Waals forces (Mohan et al. 2020a). Based on Fig. 2(b), the 

TPS had a smooth and clean fracture surface due to its brittle behavior at room temperature. 

In contrast, when 0.75 wt% of GNP was added to the starch matrix, voids were observed 

and the fracture surface condition became rougher. Furthermore, the FESEM analysis 

reveals the presence of clusters and agglomerations of GNP nanoparticles within the 

TPS/GNP films. These clusters can have an influence on the barrier properties and 

mechanical characteristics of the films. Among the TPS/GNP films, the specimen with a 

GNP concentration of 12 wt% demonstrated a more uniform dispersion of nanoparticles 

within the polymer matrix compared to the other formulation. This improved dispersion is 

believed to contribute to enhanced mechanical strength in the TPS/12GNP film. 

In addition to micrograph of FESEM, surface roughness was assessed to 

characterize the properties of the films (see Fig. 4). The contact angle, which is a commonly 

used parameter to evaluate wettability and surface hydrophobicity, was employed in this 

study. High contact angles (θ > 90°) are indicative of a hydrophobic surface, while low 

contact angles (θ < 90°) are associated with hydrophilic surfaces (Kabir and Garg 2023; 

Otàlora Gonzàlez et al. 2020). 

In line with the water uptake behavior observed in the TPS and TPS/GNP films, 

the water contact angle results displayed a similar trend. The addition of 0.75 wt% of GNP 

led to an increase in the water contact angle from 28.6° to 33.8°. Notably, the highest water 

contact angle of 42.0° was attained with a GNP content of 12 wt%. However, for the 

specimen with 15 wt% GNP, the water contact angle decreased. This decrease can be 

attributed to the poor dispersion of the high concentration of GNP within the film matrix, 

which affected the overall surface characteristics and hydrophobicity of the composite 

material. Due to its greater wettability compared to TPS/GNP, TPS demonstrates a 

correlation with contact angle, serving as an indicator of surface energy between the 
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polymer and graphene oxide. This relationship highlights the higher surface energy 

associated with polymers exhibiting increased wettability (Feng et al. 2023). 

 

 

  
 

  
 

  
 

 

 

 
 

Fig. 3. FESEM micrograft of (a) GNP particles, (b) TPS, (c) TPS/0.75GNP, (d) TPS/1.5GNP, (e) 
TPS/3GNP, (f) TPS/6GNP, (g) TPS/12GNP, and (h) TPS/15GNP 
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The contact angle of the TPS film can be attributed to its nonporous, smooth surface 

with low surface roughness as in FESEM micrograph (see Fig. 2(b)). This observation 

aligns with previous studies indicating that the contact angle is influenced by capillary 

porosity and surface tension (Dong et al. 2021). As the GNP content increased in the 

composite films, the contact angle correspondingly increased, indicating increased 

hydrophobicity. This enhanced hydrophobicity can be attributed to two main factors: (a) 

the increased roughness has been observed in FESEM micrographs and (b) the inherent 

hydrophobic nature of GNP itself, which imparts greater hydrophobicity to the composite 

material (Tarhini and Tehrani-Bagha 2019; Kim et al. 2022). 

 

  
 

  
 

  
 

 
 

Fig. 4. The water contact angle of the biocomposites films of (a) TPS, (b) TPS/0.75GNP, (c)  
TPS/1.5GNP, (d) TPS/3GNP, (e) TPS/6GNP, (f) TPS/12GNP, and (g) TPS/15GNP 
 

Mechanical Properties of TPS/GNP Films 
Figure 5(a) illustrates the stress-strain behavior of the TPS films with different 

concentrations of GNP nanoparticles. Analyzing these curves, the trends of the tensile 

strength and Young's modulus are depicted to showcase the specific impact of GNP 

nanoparticles on these mechanical properties. The neat TPS film exhibited sufficient tensile 

strength, measuring at 1.39 MPa. This strength is primarily due to the presence of 

intermolecular bonds such as hydrogen bonds and van der Waals forces. The 
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intermolecular interactions between starch molecules are of the greatest importance as they 

effectively contribute to the overall structural integrity of the substance (Gutiérrez et al. 

2018). 

At low concentration of GNP nanoparticles, the particles can create a stable and 

uniform dispersion with starch molecules when distributed within the starch matrix. This 

is facilitated by good compatibility between the particles and starch molecules. 

Specifically, when the GNP content reached 12 wt%, it exhibited excellent compatibility 

with the starch matrix. Consequently, the composite with 12 wt% GNP demonstrated 

enhanced tensile strength compared to the other samples with varying GNP loadings. 

However, when the GNP content reached 15 wt% in the TPS matrix, the tensile strength 

decreased to 0.56 MPa. The high concentration of GNP nanoparticles led to their 

aggregation, which hindered their effective dispersion within the starch matrix. 

Additionally, aggregation plays a significant role in this process and these defects have the 

potential to grow larger than the critical crack size, ultimately leading to failure of the 

composite material. 

Although the tensile strain decreased as the GNP nanoparticles content increased 

from 29.4 to 3.76%, the Young's modulus increased with the addition of GNP 

nanoparticles, indicating a stiffening effect (see Fig. 5(b)). The GNP nanoparticles acted 

as stress concentrators, distributing the applied force’s energy more evenly throughout the 

material indicating that the GNP nanoparticles incorporated GNP into the nylon matrix 

increased Young’s modulus by more than twice strengthened the starch matrix, making it 

less prone to deformation (Papadopoulou et al. 2016; Mergen et al. 2020; Kiziltas et al. 

2021). When 0.75 wt% of GNP nanoparticles was added, the modulus increased from 23.8 

to 30.4 MPa, representing an improvement. Furthermore, at a higher GNP content of 12 

wt%, the modulus further increased to 41.2 MPa, exhibiting a remarkable 72.7% increment 

compared to the original TPS film. This demonstrates that the incorporation of GNP 

nanoparticles can greatly enhance the stiffness and mechanical properties of the 

biocomposites. The increased interfacial surface area of GNP nanoparticles allowed for 

better stress transmission and stiffening of the composites (King et al. 2013; Masarra et al. 

2022).  

However, it is important to note that an excessive content of GNP nanoparticles led 

to agglomeration and poor ductility of the material. The addition of 12 wt% and 15 wt% of 

GNP resulted in poor ductility, with elongation at break values of 2.58% and 1.33% 

respectively. This reduction in ductility can be attributed to the high aspect ratio and strong 

interaction of the stiff GNP filler with the polymer matrix. The presence of GNPs hindered 

the movement of polymer chains, leading to a deterioration in the mechanical behavior of 

the TPS. From the data tabulated in Table 3, it is clear that the tensile strength is dependent 

on the type of starch, the reinforcing material, and its weight percentage. The highest tensile 

strength was observed in potato starch with graphene oxide at 42 MPa, while the lowest 

was in corn/glycerol at 0.56 MPa. However, the Young’s modulus in this work was 

comparable with previous studies. This suggests that there is a lot of room for optimization 

and further research in this field. 
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Fig. 5. (a) The stress-strain curves and (b) the trends of tensile strength and Young's modulus in 
TPS and TPS/GNP biocomposite films 
 

Table 2. Mechanical Properties of the Biocomposite Films with Different GNP 
Concentrations 

Film Tensile Strength 
(MPa) 

Tensile Strain 
(%) 

Young’s Modulus 
(MPa) 

Neat TPS 1.57 ± 0.15 25.87 ± 1.13 32.12 ± 10.92 

TPS/0.75GNP 0.87 ± 0.09 8.16 ± 0.59 49.59 ± 17.62 

TPS/1.5GNP 0.76 ± 0.11 7.56 ± 0.50 18.44 ± 1.54 

TPS/3GNP 0.69 ± 0.16 10.58 ± 2.17 41.20 ± 8.77 

TPS/6GNP 0.70 ± 0.17 10.19 ± 0.64 17.99 ± 5.18 

TPS/12GNP 0.86 ± 0.20 5.16 ± 0.86 39.92 ± 4.34 

TPS/15GNP 0.56 ± 0.09 4.18 ± 0.18 30.90 ± 2.80 

 
Table 3. Tensile Strength Comparison for Starch-Based Films Reinforced with 
Carbon Materials 

 
Compatibility of Biocomposite Films 

Figure 6(a) reveals the presence of voids or empty spaces within the starch granules 

in the TPS-based film. These voids are commonly observed because of the drying or 

Starch/Reinforced Filler 
Tensile Strength 

(MPa) 
Young Modulus 

(MPa) 
Reference 

Sugar Palm 
/glycerol 

12 wt% GNP 0.86 39.92 This study 

Pea/ glycerol 2 wt% GO 13.79 1050  (Li et al. 2011) 

Cassava/glycerol 10 wt% GO 1.6  189 
(Zaki et al. 

2021) 

Potato/glycerol 1 wt% GO 42 47.3 
(Islam and 

Mollik 2020) 

Corn/glycerol 
10.5 wt% 

carbon black 
3.18 32.77 

(Peidayesh et 
al. 2021) 

Corn/glycerol/15% 
CNF 

5 wt% GO 
nanoplatelets 

0.56 29.6 
(Ramezani et al. 

2020) 

Corn/glycerol/70%
PVA 

0.5 wt% 
Graphene 

nanosheets 
10.4 53.33 

(Jose et al. 
2015) 

Corn/glycerol/70% 
PVA 

0.5 wt% CNT 7.34 66.04 
(Jose et al. 

2015) 
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processing of the sample, leading to shrinkage and cracking of the granules, which weakens 

the film’s strength.  

  

 

  
 

  
 

  
 

 
 

Fig. 6. FESEM tensile fracture surface morphology of (a) TPS, (b) TPS/0.75GNP, (c) 
TPS/1.5GNP, (d) TPS/3GNP, (e) TPS/6GNP, (f) TPS/12GNP, and (g) TPS/15GNP 
biocomposites film 

 



 

PEER-REVIEWED ARTICLE bioresources.cnr.ncsu.edu 

 

 

Rahmat et al. (2024). “Sustainable biocomposite films,” BioResources 19(1), 1526-1541.  1537 

Figure 6(b) demonstrates that starch and GNP can exhibit compatibility with each 

other. The GNP sheets were observed protruding from the impact fractured surface, 

indicating that the GNP nanoparticles were well-embedded and dispersed within the TPS 

matrix without any agglomeration. This uniform dispersion of GNP in the starch matrix is 

advantageous and can contribute to enhanced tensile strength of the composite material. 

The strong interaction between starch and GNP through hydrogen bonding and Van der 

Waals forces played a crucial role in maintaining this uniform dispersion. 
However, when higher amounts of GNP were incorporated, particularly at 15 wt%, 

Fig. 6(g) illustrates a rougher film surface, poor dispersion of GNP, and the formation of 

GNP agglomerations. These agglomerations indicate that the GNP nanoparticles were no 

longer uniformly distributed within the starch matrix. This non-uniform dispersion and 

agglomeration of GNP can have detrimental effects on the mechanical properties of the 

composite material (Ibrahim et al. 2019). 

 
 
CONCLUSIONS 
 

In the frame of this work, starch-based nanocomposite filled with graphene nano-

platelets (GNP) were prepared via a solution casting method. The effects of GNP 

nanofillers on the physical, mechanical, and morphological properties of thermoplastic 

starch/GNP (TPS/GNP) composite films were investigated with different nanofiller 

contents of GNP. The following conclusions were drawn based on the extensive 

experimental study. 

1. The results demonstrated that the addition of GNP nanoparticles effectively reduced 

the moisture absorption of TPS films due to the hydrophobic nature of graphene. The 

dispersion of GNP within the TPS matrix was influenced by the concentration of GNP, 

with 12 wt% of GNP showing the most uniform dispersion. The presence of GNP also 

led to an increase in the density and hydrophobicity of the films, as indicated by contact 

angle measurements. 

2. Mechanical analysis revealed that the addition of GNP enhanced the tensile strength 

and Young’s modulus of the TPS/12GNP leading to the highest improvement. 

However, excessive TPS/15GNP resulted in poor ductility and decreased tensile 

strength, highlighting the importance of optimizing the GNP concentration for desired 

mechanical properties. 

3. The study demonstrated that GNP can be effectively used as nanofillers to improve the 

Young’s modulus and barrier properties of thermoplastic sugar palm starch films. 

These modified biocomposites have potential applications in various fields, including 

intelligent food packaging, biomedical devices, and environmentally friendly 

electronics, contributing to the development of sustainable and eco-friendly materials 

for future technologies. Further research could focus on optimizing the GNP 

concentration and exploring additional processing techniques to enhance the overall 

performance of these biocomposites. 
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