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ABSTRACT
The aim of this work is to use microcrystalline cellulose (MCC), 
obtained from kenaf fibers by using eutectic green solvents, to build 
compostable packaging films by adding them to Poly (butylene adi-
pate-co-terephthalate) (PBAT). In this study, microcrystalline cellulose 
was incorporated into PBAT composites through melt-mixing, followed 
by hot pressing at 130°C. PBAT and MCC were produced in various 
formulations (0.5, 1, 1.5 wt%) to enhance and sustain inherent charac-
teristics of films. The structural, morphological, thermal, and tensile 
properties of PBAT and microcrystalline cellulose film were examined 
using X-ray Diffraction, Scanning electron microscope (SEM), Thermal 
analysis, and Universal Testing Machine. The uniform dispersion of MCC 
within the PBAT matrix significantly contributes to improved thermal 
stability, as evidenced by delayed degradation, and enhanced heat 
resistance. SEM makes it evident that addition of MCC to PBAT influ-
ences the surface morphology, with an optimal range promoting 
mechanical adherence through roughness. However, excessive MCC 
content leads to imperfections such as cavities, potentially compromis-
ing material performance. The inclusion of MCC content enormously 
raised the tensile modulus of the PBAT/MCC film, increasing its stiffness 
while tensile strength decreased on addition of MCC in PBAT/MCC 
formulations. Cellulose film could potentially be used as 
a biodegradable film in food packaging applications.

摘要
这项工作的目的是使用微晶纤维素（MCC），通过使用共晶绿色溶剂从红 
麻纤维中获得，通过将其添加到聚己二酸丁二醇酯-共对苯二甲酸酯 
（PBAT）中来构建可堆肥的包装薄膜. 在这项研究中，微晶纤维素通过熔 
融混合掺入PBAT复合材料中，然后在130°C下热压. PBAT和MCC以各种配 
方（0.5、1、1.5重量%）生产，以增强和维持薄膜的固有特性. 使用X射线 
衍射、扫描电子显微镜（SEM）、热分析和万能试验机检查了PBAT和微晶 
纤维素薄膜的结构、形态、热和拉伸性能. MCC在PBAT基质中的均匀分散 
显著有助于提高热稳定性，这可以通过延迟降解和增强耐热性来证明. 
SEM表明，在PBAT中添加MCC会影响表面形态，最佳范围通过粗糙度促进 
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机械粘附. 然而，过多的MCC含量会导致诸如空腔等缺陷，从而可能损害 
材料性能. MCC含量的加入极大地提高了PBAT/MCC薄膜的拉伸模量，增加 
了其刚度，而在PBAT/MMC配方中添加MCC后，拉伸强度降低. 纤维素薄 
膜有可能在食品包装应用中用作可生物降解的薄膜.

Introduction

Today’s world depends significantly on polymeric materials, which are currently used in wide range of 
industries, namely aerospace, aeronautics, agrifood, medical science, automobiles, medicine, sensors, 
etc (Arico et al. 2005; Huang et al. 2003; Krebs 2009; Stuart et al. 2010; Vargas Ferreira et al. 2016). 
Polyethylene, Polypropylene, Polystyrene, and Poly(vinyl chloride) are most extensively used and 
accessible common plastics (Mohanty, Misra, and Hinrichsen 2000). These polymers are the most 
widely generated, used, and found plastics in the environment. As a result, they represent one of the 
most troublesome groups of solid wastes, having detrimental effects on soil and water. Due to their 
benign effects, biodegradable polymers provide a lot of benefits for environmental preservation. This 
has a direct connection to how resistant they are to deterioration caused by environmental factors like 
humidity and microbial attack. Swapping out non-biodegradable polymers for biodegradable ones is 
a way to address these environmental issues (Ikada and Tsuji 2000; Rezwan et al. 2006; Siracusa et al.  
2008).

The most promising, biodegradable, well-known aliphatic-aromatic co-polyester polymer with 
enormous future potential in wide range of applications is Polybutylene adipate-co-tere-phthalate; 
abbreviated as PBAT. It is produced by polycondensation of butanediol, adipic acid, and terephthalic 
acid and this mixture has proven great characteristics and excellent biodegradability. It also has 
excellent mechanical qualities due to the aromatic unit in molecular chain and has properties 
comparable to those of low-density polyethylene (LDPE) (Jian, Xiangbin, and Xianbo 2020). The 
ductility and flexibility of PBAT are comparable to LDPE, its biodegradability makes an excellent 
substitute to many packaging films (Barbosa, Souza, and Rosa 2020). PBAT is the most often used 
polymer for biodegradable plastic film bags, owing its outstanding toughness, flexibility, low elastic 
modulus, and exceptional heat resistance (Bai et al. 2021). But its widespread applicability is con-
strained, nonetheless, by its cost and weak tensile strength.

To overcome these limitations, researchers have explored incorporating renewable fillers like 
Microcrystalline Cellulose (MCC) into polymer matrices. MCC is widely utilized in numerous 
applications, including those in medicine, cosmetics, food, etc (Kumar, de la Luz Reus-Medina, and 
Yang 2002; Petersson and Oksman 2006). In addition, the use of plant sources, namely, MCC (Pandian 
et al. 2023), starch (Ma et al. 2017), and proteins (Tchmutin et al. 2004), etc enhances the biodegrad-
ability of the films. MCC are preferred reinforcing filler in the polymer blend over alternative fibers 
because of its low price, nontoxic nature, relatively low density, renewable, and biodegradability. The 
biodegradable substance MCC can be used along with PBAT. As MCC is purified cellulose which 
when combined with appropriate biodegradable polymer PBAT will not only improve tensile proper-
ties but also reduce the overall costs which enhance biodegradability of packaging film. Therefore, the 
usage of biodegradable packaging films including PBAT, and their combination with MCC can be 
widely used to combat plastic film.

Several studies have investigated the integration of MCC into biodegradable polymer blends. In 
a recent study by (Sinsukudomchai et al. 2023), a biocomposite film was prepared by combining 
polyhydroxy butyrate (PHB) along with esterified MCC from pineapple leaves as fillers, and the results 
demonstrated acceptable tensile strength, tensile modulus and minor increase in elongation at break 
which can improve flexibility. Unlike previous studies that used MCC derived from conventional 
sources, this work explores the potential of MCC derived from kenaf fibers using green eutectic 
solvents, a sustainable extraction method. PBAT as filler used to create compostable packaging films.
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Three different formulations i.e., 0.5%, 1%, and, 1.5% PBAT/MCC were prepared by melt mixing in 
Brabender followed by hot press for compostable film. The chemical, thermal and morphological 
characteristics were examined by Fourier transform infrared spectroscopy, thermogravimetric analy-
sis, and scanning electron microscopy respectively. Tensile properties of PBAT/MCC films were also 
investigated. The crystallization properties of the PBAT/MCC were also characterized. The result 
obtained PBAT/MCC films can be utilized as potential compostable film for food packaging, lever-
aging innovative materials and methods to address persistent environmental challenges.

Materials and methods

Materials

Poly butylene adipate-co-tere-phthalate (PBAT) a biodegradable polymer with molecular weight of 
1.42 × 105 g/mol and 1.24–1.26 g/cm3 density, under the trade name Ecoflex, a product of BASF used 
as the polymer matrix. MCC was isolated from kenaf fiber biomass pre-treated with natural deep 
eutectic solvents (NADES). Prior to obtaining MCC, the kenaf fiber underwent a bleaching process 
with 10% sodium chlorite solution, followed by drying, and was then subjected to acidic hydrolysis to 
isolate KF-MCC particles, as detailed in our previous work (Meraj et al. 2023).

Methods

Fabrication of PBAT/MCC film
Firstly, the proportions of PBAT and MCC were separately weighed, as shown in Table 1, and dried 
overnight in an oven at 60°C. Sample was mixed into melt mixer (Brabender mixer) at 130°C for 
approx. 6 min with rotation of 50 rpm. After cooling the mixture, the sample was crushed by using 
Melchers crusher machine to get uniform pellets size i.e., mesh size 2 mm. Secondly, the prepared 
pellets were placed on steel plate with dimensions of 300 mm × 300 mm × 0.20 mm. The steel plate 
with sample was transferred to preheated hot press set at 130°C and subjected to a pressure of 30 
tonnes for 12 minutes. After 12 min, the sample was transfer to cooling for 1 min. Lastly, different 
formulations (0.5, 1, and 1.5 wt%) of PBAT/MCC films prepared separately, were gently removed 
from the steel plate and sample obtained with a thickness of 0.20 mm which was subjected to further 
testing and tensile properties.

Characterisation and testing

Fourier transform infrared spectroscopy
FTIR was carried out using Perkin Elmer 1600 Infrared spectrometer, conducting 32 scans with 
650–4000 cm−1 range of wavenumber at a resolution of 4 cm−1. Samples were first crushed, then 
potassium bromide pellet was used to pelletize them to prepare samples for examination.

Thermal analysis
A thermogravimetric analyzer (TA Instruments Q500) was used to perform thermal examination of 
samples. In N2 gas atmosphere, samples were scanned and heated from ambient temperature to 900°C 
at rate of 10°C min−1 in alumina cruicible. DSC was performed using TA instrument Q20 differential

Table 1. Shows experimental composition of PBAT/MCC film.

Name of Samples PBAT wt% MCC wt%

Pure PBAT 100 0
0.5% PBAT/MCC 99.5 0.5
1% PBAT/MCC 99 1
1.5% PBAT/MCC 98.5 1.5
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scanning calorimeter. A heat rate of 10°C min−1 under N2 atmosphere, approximately 5 mg of sample 
placed in alumina crucible was subjected to heat from ambient temperature to 430°C.

X-ray diffraction
Using Shimadzu X-ray diffractometer, model XRD6000, using Cu K radiation and a 2 hz 
scanning rate, the crystalline structure of fibers was examined and X-ray patterns of samples 
were obtained.

Scanning electron microscope and energy dispersive X-ray (EDX)
Morphological examination of samples was examined by using JEOL Model JSM 6400, Japan at 
different magnifications. The samples were mounted one by one on Al stub and sputter-coated with 
gold using Baltec SCD sputter coater, before analyzing the samples under the SEM instrument. 
Following that, an EDX spectrometer (Oxford Instruments, UK) was used to observe elemental 
composition and content of PBAT/MCC film samples.

Tensile properties
The mechanical test was performed using AI-3000, GOTECH Universal Testing Machine 
according to American Society for Testing and Materials (ASTM) D882. The experiment was 
carried out at crosshead speed of 12.5 mm min−1 with gauge length of 125 mm and maintaining 
a width of 20.005 mm in all samples. An average of the four tested samples outcomes was 
determined.

Figure 1. FTIR spectra of PBAT and 0.5, 1, and 1.5 wt. % of PBAT/MCC films.
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Results and discussion

FTIR Analysis

FTIR spectroscopy was examined to characterize chemical composition of PBAT and PBAT/MCC 
(0.5, 1, and 1.5 wt%) films as shown in Figure 1. The FTIR spectra obtained broad absorption band 
ranging 3000–3600 cm−1 which corresponds to -OH stretching vibration and strong inter and 
intramolecular hydrogen bonding (Pavia, Lampman, and Kriz 2001). The PBAT/MCC films exhibits 
distinctive C-H stretching vibration at 2954 cm−1 indicating C-H stretching bonds between MCC and 
PBAT. Furthermore, peak at 1720 cm−1 corresponds to stretching of C=O ester group signaling 
characteristic peak of both PBAT and PBAT/MCC films. Absorption peak at 1266 cm−1 attributes to 
C–O stretching of carbonyl group conjugated with phenyl group. Similarly, absorption band at 1166  
cm−1 and 1110 cm−1 corresponds antisymmetric bridge stretching of C – O and C – O – C pyranose 
ring vibration of cellulose and C-O-C stretching vibration of ester respectively (Giri et al. 2019, 2021; 
Wang et al. 2008). Absorption peak at 876 cm−1 attributes common cellulose structure that corre-
sponds stretching vibration of C-O-C for β-1,4-glycosidic linkages (Wu 2012). Lastly, it was observed 
that FTIR spectra of 0.5, 1, and 1.5 wt. % of PBAT/MCC were almost identical to the PBAT spectrum, 
indicating that only H-bond interactions must have occurred between the components.

Thermal analysis

The TG curve shown in Figure 2. indicates difference in thermal degradation behavior of PBAT with 
varying percentages of MCC i.e.; 0.5, 1, and 1.5 wt. % of PBAT/MCC films. TGA was performed to

Figure 2. TG curves of PBAT and 0.5, 1, and 1.5 wt% of PBAT/MCC films.
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investigate thermal stability of MCC as filler to PBAT for compostable packaging films. The initial 
weight loss was observed at temperatures ranging from 30°C to 150°C which is associated with the 
evaporation of moisture content and other volatile components present (Kian et al. 2022; Nagata and 
Inaki 2011; Sellami et al. 2019), followed by major degradation at temperature approx. 350°C. 
However, two step degradation was observed. The first degradation step occurs between approxi-
mately 200–400°C. This step corresponds to the thermal degradation of MCC and the less thermally 
stable components in the PBAT matrix, such as amorphous regions or additives. Whereas, second 
degradation step occurs between 400°C and 600°C, which is primarily associated with the decom-
position of the PBAT polymer backbone. Furthermore, complete degradation of PBAT/MCC occurs at 
460°C leaving behind a larger amount of residual (wt%) at 625°C in form of char after combustion. It 
was found that PBAT has lesser char residue, while it increases on further adding MCC to PBAT, due 
to lower thermal stability than PBAT. TGA results demonstrate that the PBAT/MCC films exhibit 
enhanced thermal stability compared to neat PBAT due to the incorporation of MCC as a filler. 
Thermal resistance, particularly in the range of 200–400°C, ensures that the films can withstand typical 
food packaging processes such as exposure to moderate heat during storage and handling. Therefore, 
thermogravimetric measurements enable the assessment of the heat resistance of the PBAT/MCC 
polymer films within the matrix. Table 2 shows the exhibited degradation process in a single step, and 
the parameters of their thermal stability.

DTG curves determine the weight loss and the precise temperature at which material degradation 
occurs. The thermal analysis of a combination of PBAT, and PBAT/MCC at different formulations 
with varying MCC content shown in Figure 3. As demonstrated in Figure 3. thermal degradation 
temperature increased, hence the thermal stability also increased. Furthermore, DTG curve of PBAT 
and PBAT/MCC exhibited a similar degradation pattern of a single peak in a one-step-degradation 
process. From Figure 3. highest peak temperature was observed in 1.5 wt% PBAT/MCC that is about 
408.56°C. It was concluded that 1.5 wt% PBAT/MCC formulation was more thermally stable then 
PBAT.

On the other hand, DSC plot shows the thermal behaviors of PBAT, PBAT/MCC are shown in 
Figure 4a and summarized in Table 3. These peaks rise and fall irregularly to some degrees by the increase 
in MCC content to the PBAT/MCC formulations from 0.5 to 1.5 wt%. The peaks show disorder in the 
structure. From Figure 4(a), Tg value varies with addition of MCC. However, it was observed that Tm 
value of PBAT is 124.3°C which is approximately similarly observed in all the samples except 1.5% PBAT/ 
MCC. Furthermore, the highest ΔH was observed in 1.5 wt% MCC i.e., 15.67 j/g at 260°C, and the least 
ΔH was observed at 315°C i.e., 0.80 j/g. Whereas 0.5 wt% MCC showed the largest exothermic peak i.e., 
16.28 j/g at 290°C as compared to 1.5 wt% MCC. Furthermore, the temperature ranging from 110°C to 
160°C, each sample of PBAT/MCC showed two endothermic peaks as shown in Figure 4(b), which 
attributes the insertion of MCC particles to the PBAT polymer (Zuo et al. 2017). Furthermore, the 
pronounced peaks in the range 200–300°C as shown in Figure 4(c), indicates thermal events associated 
with PBAT and PBAT/MCC films. These peaks likely correspond to the oxidative degradation or 
recrystallization processes occurring due to the interaction between PBAT and MCC. The neat PBAT 
sample shows a broad peak indicating its thermal stability and degradation onset compared to the PBAT/ 
MCC films, whereas the peaks shift or intensify based on the MCC concentration. Additionally, the 
appearance of fourth and fifth exothermic peaks observed with addition of MCC and their shifts to higher

Table 2. TGA results of PBAT and 0.5, 1, 1.5 wt% of PBAT/MCC films.

Name of sample Onset temperature (°C) Degradation temperature (°C)
End set temperature 

(°C) Residual (wt%)

PBAT 373.42 408.01 624.65 0.2909
0.5% PBAT/MCC 373.17 407.17 615.90 0.2611
1% PBAT/MCC 371.60 407.72 596.82 0.2971
1.5% PBAT/MCC 373.33 408.56 536.33 0.1801
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temperatures i.e., 250–330°C, which is ascribed to creation of H-bonds between polymer matrix and 
MCC (Lang et al. 2022).

SEM-EDX analysis

Surface morphology of PBAT shown in Figure 5(a) and PBAT/MCC films with 0.5%, 1%, and 1.5% wt% 
formulations are shown in Figure 5(b–d). The lower magnification of PBAT micrograph in Figure 5(a) 
demonstrates that there are areas that show both substantially smoother and rougher textures. Further, it 
can be seen in Figure 5(b–d), MCC was dispersed within the PBAT matrix and was observed by adding and 
increasing the MCC content i.e., 0.5%, 1%, and 1.5 wt% in PBAT/MCC film. As we moved further, it was 
found that, an increase in MCC content, topology of surface becomes rougher and cave-like structure can 
be seen in Figure 5(d). Moreover, when the addition is not excessive, the MCC’s roughness helps to 
promote effective mechanical adherence (Lang et al. 2022; Mathew, Oksman, and Sain 2005). Furthermore, 
increasing MCC content in the PBAT matrix causes cavities and displays holes, resulting in imperfection, 
and becomes rougher as shown in Figure 5(c,d) (Botta et al. 2021; Lang et al. 2022).

Figure 6(e–h) displays spectra of PBAT and PBAT/MCC formulations at 0.5, 1, and 1.5 wt% and 
elemental composition in Table 4. It shows the changes in the element composition which indicates 
noticeable peaks for O and C elements. Some minute traces of other elements were also seen.

XRD analysis

Figure 7 depicts the results of the analysis of the PBAT/MCC crystalline structures using the X-ray 
diffraction technique. Three diffraction angles correspond to the 2θ at 23.7°, 44.1° and 64.3° which are

Figure 3. DTG curves of PBAT, PBAT/MCC films.
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observed in PBAT and PBAT/MCC films. The distinctive diffraction angles of crystalline structure of 
PBAT are represented by the peaks located at 23.7° (Olivato et al. 2013; Raquez et al. 2008). The PBAT 
crystalline peak overlaps the 2θ = 22.5 where the cellulose diffraction angle is meant to be exhibited (Reis 
et al. 2014). From Figure 7. it was observed that there is a weak crystalline diffraction peak. Whereas, with 
the addition of the MCC at 0.5, 1, and 1.5 wt. % the peak intensity and the crystalline quality of the PBAT/ 
MCC film increases which could be due to more cellulosic materials present than that of pure PBAT. 
According to a study, Tessema, T. A. et. al., cellulose gains crystallinity through delignification and acid 
hydrolysis, which removes amorphous regions (Tessema et al. 2023). In another study, composites with 
4% MCC exhibited the highest crystallinity index. Since, MCC is inherently crystalline, its addition to the 
composite naturally enhances the overall crystallinity of the material (Raharjo, Salam, and Ariawan 2023). 
However, in this PBAT/MCC films the addition of MCC improves the crystalline alignment and structure

Figure 4. a. DSC plot of PBAT, PBAT/MCC films. b. Zoomed plot of PBAT, PBAT/MCC films. c. Enlarged part of DSC curves ranging from 
200°C to 300°C of PBAT, PBAT/MCC films.

Table 3. Thermal behaviours of PBAT, PBAT/MCC films.

Name of sample
Tg 

(°C)
Tm 

(°C)
ΔH1  

(jg−1)
ΔH2  

(jg−1)
ΔH3  

(jg−1)
ΔH4 

(jg−1)
ΔH5  

(jg−1)

PBAT 68.62 124.3 −0.89 −15.21 73.49 - -
0.5% PBAT/MCC 70.83 124.45 −2.21 −2.32 −4.29 10.05 16.28
1% PBAT/MCC 66.69 125.84 −0.49 −1.30 −1.78 8.57 2.52
1.5% PBAT/MCC 68.90 120.45 −1.37 −0.82 −2.30 15.67 0.80
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of PBAT. In addition, MCC incorporation into PBAT enhances film crystallinity and material properties 
through its cellulosic crystalline structure. Thus, this suggests that the crystalline structure of the cellulose 
fibers, when present in enormous amount, increases the crystallinity of the films.

Tensile properties

Figure 8–10 depicts the impact of MCC loading on tensile characteristics of pure PBAT and PBAT/ 
MCC films. From Figures 8 and 9, it was observed that tensile strength and tensile modulus 
respectively, tensile strength decreased when compared to pure PBAT and on addition of MCC 
decreased in PBAT/MCC formulations. This decrease may be related to the substantial addition of 
MCC which results in stiffness as compared to the pure PBAT, also due to poor dispersion generated 
by MCC aggregates in PBAT matrix due to weak contact between phases (Rasheed et al. 2021).

Whereas, from Figure 9 it was observed rigidity i.e., represented by tensile modulus which 
increased with an increase in MCC loading and is almost similar in 1 and 1.5 wt% of MCC/PBAT 
film. The cause of this phenomenon can be attributed due to production of MCC’s network structure 
above the level of percolation through hydrogen bond interactions (Azizi Samir, Alloin, and Dufresne  
2005; Reis et al. 2017; Sun et al. 2014). According to Ibrahim et al., strengthening effect of MCC fiber 
causes young modulus to increase while tensile strength did not enhance or even decreased which is 
similar to this study (Ibrahim, El-Zawawy, and Nassar 2010). A similar study was also reported by Ma

Figure 5. SEM micrographs of (a) PBAT, and (b-d) 0.5, 1, and 1.5 wt% of PBAT/MCC films, (e) SEM image of MCC.
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et al. (Ma, Chang, and Yu 2008), for thermoplastic pea starch composites containing 12 wt% of MCC. 
Additionally, Mathew et al. (Mathew, Oksman, and Sain 2005), found that higher concentration of 
MCC decreases tensile strength and elongation at break while enhancing young modulus.

The elongation at break of PBAT/MCC shown in Figure 10. It shows elongation at break decreases 
with addition of MCC in PBAT/MCCfilms. This could be due to addition of MCC into PBAT matrix 
which did not result in significant improvement and showed a substantial decrease in elongation 
break. Haafiz et al. (Haafiz et al. 2013) studied that introducing MCC into a PLA matrix decreased the 
tensile mechanical properties i.e., tensile strength and elongation when compared to pure PLA. 
Although tensile modulus shows an increase in this property with the addition of MCC. In another 
study by Ries MO et al. (Reis et al. 2017), by increasing MCC concentration, there was a reduction in

Figure 6. Figure 6 (e-h) displays the EDX spectra of PBAT and PBAT/MCC at 0.5, 1, and 1.5 wt. %.

Table 4. Summary of the elemental composition of PBAT and PBAT/MCC films.

Element PBAT 0.5% MCC 1% MCC 1.5% MCC

Wt. % Wt. % Wt. % Wt. %
C 62.23 64.69 57.63 56.10
O 34.85 30.56 35.11 30.37
Na 1.81 2.82 3.05 4.64
Al - 0.91 2.09 0.56
Si 1.11 1.02 2.12 0.74
Zn - - - -
Nb - - - 7.59
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Figure 7. XRD patterns of PBAT, PBAT/MCC films.

Figure 8. Tensile strength of PBAT and PBAT/MCC films.
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elongation at break. Undoubtedly, materials have degrading properties which cannot be sacrificed in 
order to improve its mechanical capabilities. Therefore, the effect of MCC can change based on 
polymer matrix, the amount used, and the fabrication process.

Conclusion

An increasing amount of individuals have grown interested in biodegradable films because of the 
serious environmental issues caused by the careless use of conventional plastic films. PBAT based 
biodegradable films have the potential to provide several advantages for the environment and its 
biodegradability. In this study, four different formulations of 0.5, 1, and 1.5 wt. % MCC/PBAT were 
prepared and were successfully produced using microcrystalline cellulose obtained from kenaf fibers. 
The results of the findings of FTIR, SEM-EDX, and XRD analysis showed the PBAT/MCC better

Figure 10. Shows elongation of PBAT and PBAT/MCC films.

Figure 9. Tensile modulus of PBAT and PBAT/MCC films.
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performance and good compatibility at 1.5 wt% PBAT/MCC. Scanning electron microscopy makes it 
evident that addition of microcrystalline cellulose to Poly (butylene adipate-co-terephthalate) influ-
ences the surface morphology, with an optimal range promoting mechanical adherence through 
roughness. However, excessive MCC content leads to imperfections such as cavities, potentially 
compromising material performance. The uniform dispersion of MCC within the PBAT matrix 
significantly contributes to improved thermal stability, as evidenced by delayed degradation, and 
enhanced heat resistance. Tensile modulus of PBAT/MCC film was increased with the addition of 
MCC content resulting in the stiffness of PBAT/MCC film, although tensile strength decreased in the 
samples. Thus, produced PBAT/MCC film has the potential to be used as a compostable film for food 
packaging purposes.
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Highlights

● MCC within PBAT matrix significantly contributes to improved thermal stability.
● Addition of MCC significantly increase tensile modulus of PBAT/MCC films improving stiffness.
● In SEM, Addition of MCC enhanced surface roughness promoting mechanical adherence.
● Produced PBAT/MCC film potentially be used as biodegradable film in food packaging applications.
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