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Abstract 
This study examines the influence of kaolin filler and ethylene glycol (EG) plasticizer on the 
biodegradability and thermal properties of carboxymethyl cassava starch (CMS) films. CMS was 
synthesized via an etherification reaction and fabricated into films containing varying amounts of EG (2–
5 g) and kaolin (0–1 g). Biodegradability was determined using a soil burial test, while thermal behavior 
was evaluated by thermogravimetric and differential thermal analyses (TGA/DTA). All films showed 
complete biodegradation within three weeks, although degradation rate varied depending on film 
composition. Increasing EG content accelerated biodegradation due to enhanced polymer chain mobility 
and reduced crystallinity. The incorporation of kaolin slightly retarded the initial degradation rate but did 
not prevent complete biodegradation. Thermal analysis revealed a multi-stage degradation process, 
characterized by moisture loss below 150 °C, plasticizer evaporation between 150–200 °C, and CMS 
backbone decomposition in the range of 200–350 °C. The presence of kaolin increased thermal residue 
yield and shifted degradation peaks toward higher temperatures, indicating improved thermal stability. 
These findings demonstrate a synergistic interaction between CMS, EG, and kaolin, resulting in 
biodegradable bioplastic films with tunable thermal performance suitable for sustainable packaging 
applications. 
 
Keywords: Carboxymethyl Starch (CMS), Kaolin, Ethylene Glycol (EG), Degradation, Thermal 
Stability. 
 
INTRODUCTION 
The growing ecological concerns associated with conventional plastics have driven interest in 
starch-derived biodegradable materials. Cassava starch is abundant, inexpensive, and naturally 
biodegradable, but its native form exhibits poor thermal stability and rapid moisture-induced 
degradation. Chemical modification into carboxymethyl starch (CMS) improves stability and 
structural uniformity, making it a suitable matrix for bioplastic films (Kittipongpatana and 
Kittipongpatana, 2019). 
 
Thermal performance is particularly important for industrial processing, storage, and end-use 
applications. Plasticizers such as ethylene glycol increase molecular mobility, lowering glass 
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transition temperature and improving flexibility but also potentially reducing thermal stability 
(Sharma et al., 2022). Mineral fillers such as kaolin can enhance stiffness, heat resistance, and 
dimensional stability through polymer–filler interactions (Méité et al., 2022). 
 
Despite significant progress, CMS-based bioplastics still face several practical and scientific 
challenges like high hydrophilicity: Starch and CMS readily absorb moisture, causing swelling 
and weakening of mechanical properties (Mali et al., 2020). Brittleness and low strength: 
Without plasticizers and fillers, starch films remain brittle and mechanically fragile (Mbey et al., 
2012). Thermal limitations: Starch-based films often degrade or soften at relatively low 
temperatures, limiting their use in heat-exposed packaging (Liu et al., 2021). Trade-off between 
biodegradability and durability: Modifications that improve strength or thermal resistance may 
slow biodegradation, making optimization complex. Filler dispersion issues: Kaolin can 
agglomerate or distribute unevenly if not properly dispersed, affecting film uniformity and 
performance (Méité et al., 2022). 
 
The primary purpose of this study is to determine the effectiveness of incorporating ethylene 
glycol and kaolin into CMS in producing a biodegradable film that demonstrates improved 
thermal stability an essential property for sustainable packaging. This study also aim to clarify 
how ethylene glycol influences biodegradation rate, hydrophilicity, and volatility; examine 
whether kaolin enhances thermal resistance and modifies degradation pathways; Understand 
the synergistic or antagonistic effects between plasticizer and filler within the CMS matrix; 
generate data and insights that support the development of functional, environmentally 
responsible starch-based packaging materials suitable for use in regions where cassava and 
kaolin are plentiful. 
 
Ultimately, the purpose is not only scientific but also practical, to bring biodegradable 
packaging closer to widespread adoption by improving its functional viability without 
compromising its ecological benefits. 
 
MATERIALS AND METHODS 
Sample Collection/Sample Area: 
Cassava tuber were purchased from a farm in Ekosodin community Benin City, Edo State. It is 
located along the longitude 5o 451 and 6o 151 east and latitude 5o 151 and 6o 451 north of the 
central province of Edo state. Additional materials such as HCl (ReAgent 36%- WW), Sodium 
hydroxide pellets (MOLYCHEM-98% Purity), Acetic Anhydride (APC- 98% Purity), 2- Propanol 
(WARCHEM-99.7% Purity), Monochloroacetic acid (ACS reagent-99% Purity), Glycerol 
(WARCHEM-85%) and Kaolinite were sourced from Pyrex-IG Scientific company Benin City, 
Edo State Nigeria. 
 
Preparation of Native Starch 
Extraction of cassava starch was carried out using methodology demonstrated by (Ezeoha and 
Ezenwanne, 2013). The cassava tubers were mechanically grated after being manually peeled 
and cleaned with distilled water—three times as much water as the shredded cassava was 
added to the mixture. A coarse sieve and a filter cloth were used to sieve and filter the mixture, 
respectively. The filtrate was allowed to settle for six hours, then mixed with an equal amount 
of water and left to settle for a day. At the end of 24 hours, the wet starch was decanted, 
manually dewatered, and then oven-dried at 105 °C for 4 hours to reduce its moisture content. 
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%Starch yield was calculated using:  

(%)𝑆𝑡𝑎𝑟𝑐ℎ 𝑌𝑖𝑒𝑙𝑑 =
𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑒𝑥𝑡𝑟𝑎𝑐𝑡𝑒𝑑 𝑠𝑡𝑎𝑟𝑐ℎ (𝑔)

𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑐𝑎𝑠𝑠𝑎𝑣𝑎 𝑡𝑢𝑏𝑒𝑟𝑠
𝑥100 ----------(1) 

 
 
Preparation of Carboxymethylated Starch  
The native starch was modified via carboxymethylation using the methodology demonstrated 
by (Adeyanju & Olantoyinbo 2019). 10 g of native starch was suspended in 100mL of 2-
propanol. Aqueous sodium hydroxide solution was added (3% W/v (10mL)). The mixture was 
stirred at a controlled temperature (30 °C) for 10 minutes. Monochloroacetic acid was added, 
and stirring was continued for up to 30 minutes. The pH of the mixture was adjusted to 5.0 by 
adding 50% glacial acetic acid. The carboxymethylated starch was filtered and washed with an 
aqueous ethanol solution. Finally, the starch was dried at 50 °C for 6 hours, and the dried starch 
was passed through a 100mm-mesh sieve.  
The yield was calculated using: 
 

(%)𝑌𝑖𝑒𝑙𝑑 =
𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑚𝑜𝑑𝑖𝑓𝑖𝑒𝑑 𝑠𝑡𝑎𝑟𝑐ℎ (𝑔)

𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑛𝑎𝑡𝑖𝑣𝑒 𝑠𝑡𝑎𝑟𝑐ℎ (𝑔)
𝑥100-------------(2) 

 
 
 
Table 1: Experimental Design for Biodegradable Plastic Film Formulation 
 
 Ethylene Glycol (g) Kaolinite (g) 

 
 
 
 
Carboxymethylated 

Starch (CMS) 

2  0  

0.5 

1.0 

3 0 

0.5 

1.0 

4 0 

0.5 

1.0 

5 0 

0.5 

1.0 

 

Preparation of Biodegradable Plastic Film  
In preparation of biodegradable bioplastic films, 10 g of carboxymethyl starch (CMS) was 
weighed into a beaker to which 100ml of distilled water was added. The solution was stirred at 
350rpm for 10minutes on a magnetic stirrer. Kaolinite powder was then added at different 
weight, 0g:0% (w/w), 0.5g:5% (w/w), 1g:10% (w/w) and stirred. Ethylene glycol was also 
added at different weight (2g, 3g, 4g, 5g) and stirred at 350rpm for 15min. The solution was 
heated at about 80oC to form gel with continuous stirring. The slurry was then poured onto a 
tin-can mold, dried in a hot-air oven at 50oC and stored at room temperature. (Nwaka et al., 
2025). 
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 Physicochemical Properties 
The physicochemical properties like moisture content, pH, gelatinization temperature and 
degree of substitution of the carboxymethylated starch (CMS) were determined.  
 
Moisture Content and pH 
Using the AOAC method, a crucible was dried in an oven at 105 °C, then cooled in a desiccator 
and weighed as (W₀). 2 g of the starch sample was added to the crucible, and the weight was 
recorded as (W₁). The crucible was then placed in the oven at 105 °C for 6 hours. After drying, it 
was transferred to a desiccator to cool and subsequently weighed as (W₂). The crucible was 
returned to the oven for another 6 hours to ensure complete drying. After the second drying 
period, the crucible was weighed again to confirm weight consistency. The pH was measured 
by dissolving 2 g of starch in 50 mL of distilled water and using a pH meter. 
%Moisture content was calculated using: 
 

(%)𝑀𝑜𝑖𝑠𝑡𝑢𝑟𝑒 =  
𝑊1−𝑊2

𝑊1−𝑊0
𝑥100------------(3) 

 
 
Gelatinization Temperature 
1 g of dried starch sample was weighed into a beaker filled with 10 mL of distilled water; the 
pH of the starch was recorded using a calibrated FP20 Mettler Toledo pH meter before it was 
subjected to heat using a magnetic stirrer with hot plate. The mixture was continuously stirred 
while the temperature was monitored. The gelatinization temperature was recorded using a 
thermometer.  
 
Degree Substitution of Carboxylmethyl Starch (DS) 
The DS of carboxymethyl starch was determined as reported by (Stojanovic et al., 2005). The 
carboxymethyl groups in the CMS were first converted to an acid with hydrochloric acid. The 
acidified starch was then recovered by precipitation with methanol, filtration, washing with 
methanol and drying. Then 0.2 M NaOH (10ml) was added to a suspension of accurately 1g 
weighed carboxymethyl starch in 10 mL of purified water. The mixture was transferred to a 
100-mL volumetric flask and adjusted to the mark with purified water. 25 mL of the solution 
was transferred to an Erlenmeyer flask and titrated with 0.04M HCl using phenolphthalein as 
the indicator. The titration was repeated three times, and the average value of HCl volume was 
used for the calculations. A blank was also titrated. 
The DS was calculated using:  

 𝐷𝑆 =
162 x nCOOH

mds−58 x nCOOH
------------(4) 

 

 𝑚𝑑𝑠 =
(1−Wwater)

100
𝑥𝑚𝑠-----------(5) 

 
nCOOH = (V – Vn) x CHCl x 4----------(6) 

 
 
Characterization  
FOURIER TRANSFORM INFRARED (FTIR) SPECTROSCOPY  
The FTIR spectrum of native starch and modified starch were acquired on a Perkin Elmer FT-IR 
spectrophotometer (Perkin Elmer, Inc., MA, USA) using a potassium bromide (KBr) disc 
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prepared from powered samples mixed with dry KBr. The spectra were recorded (16 scans) in 
the transparent mode from 4000 to 400cm-1 (Bernardino-Nicanor et al., 2017). 
 
 
Biodegradability Test: Biodegradability was determined using the soil burial method. 
Bioplastic films (2 inches by 2 inches) were weighed (W1), buried in moist soil at a 3-inch depth 
for one week, and reweighed (W2). The percent weight loss was calculated and recorded. 
 

(%)𝑊𝑒𝑖𝑔ℎ𝑡 𝐿𝑜𝑠𝑠 =
𝑊1−𝑊2

𝑊1
𝑥100 ----------(7) 

 
 
Thermogravimetric/Differential thermal Analysis (TGA/DTA) 
TGA/DTA was conducted using the PerkinElmer TGA 4000 (Netherlands) to assess the thermal 
stability and decomposition behavior of the bioplastic film. This test provided insights into the 
materials' resistance to heat and the efficiency of the composite’s formulation and filler 
reinforcement. 
 
RESULTS AND DISCUSSION 
 
Table 2: The Yield, Moisture, pH and Gelatinization Temperature of Extracted Cassava Starch 
 %Yield Gelatinization Temperature pH Moisture Content 

67.3% 65oC 6.0 12.3% 

 
From Table 2, the starch yield obtained was 67.3% which indicates a moderate extraction 
efficiency, although slightly lower than the theoretical maximum of about 80% as reported by 
(Chisenga et al., 2019) suggesting some losses during the extraction of the starch. The moisture 
content plays a vital role in the shelf life of bioplastics in general, it also has a significant impact 
on the overall performance of bioplastics, affecting their mechanical properties and 
biodegradability, as reported by (Sajjad et al., 2020). The 12.3% moisture content of the cassava 
starch signifies a starch sample adequately dried for major applications with low risk of 
microbial spoilage, reduced enzymatic activity falling within the acceptable limit of 10-13% as 
suggested by the FAO 1977. Evidently bioplastics formed from the extracted cassava starch will 
be suitable for packaging and short to medium term storage since it’s in the upper limit. The pH 
of 6.0 indicates that the cassava starch extract is neutral, making it suitable for various 
applications, including food-related bioplastics, where a neutral pH prevents undesirable 
chemical reactions or degradation. The gelatinization temperature is a key feature in processing 
and development of bioplastics as it reveals the temperature at which starch granules loses their 
crystalline structure and thickens, the temperature of 65oC is consistent with finding reported 
by (Sajjad et al., 2020).  
 
Table 3: Degree of Substitution [DS], Percentage Yield and Gelatinization Temperature of 
Modified Starch 
Sample Percentage yield DS Gelatinization temp. 

Carboxymethyl starch 59% 0.27 50oC 

 

From Table 3, the extracted cassava starch underwent carboxymethylation to introduce 
carboxymethyl groups (-CH2COOH) onto the starch backbone synthesizing carboxymethyl 
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starch (CMS). A yield of 59% indicates a reasonably efficient modification process and is 
consistent with previous studies such as (Lefnaoui and Mostefa 2015) who reported a reaction 
efficiency of 55%. The Degree of Substitution (DS) of 0.27 indicates a mildly modified level of 
carboxymethylation as reported by (Gani et al., 2019), the lower DOS value also suggests the 
carboxymethylated starch retained some of the properties of the native starch. The 
gelatinization temperature of 50°C for the carboxymethyl starch is significantly lower than that 
of the native starch, reflecting the impact of carboxymethylation on the starch's thermal 
properties. Carboxymethylation introduces carboxymethyl groups into the starch molecule and 
it disrupts the intermolecular hydrogen bonding in the starch and the granular structure 
becomes less rigid and in all reduces the temperature required for gelatinization as reported by 
(Sangseethong et al., 2005). This reduction in gelatinization temperature is advantageous for the 
processing of starch-based bioplastics, as it enables easier manipulation at lower temperatures, 
thereby reducing energy consumption and enhancing the material's processability. 
 
Ftir 
Fourier Infrared Transform (FTIR) was used to analyze the chemical changes in the Native and 
Carboxymethylated starch samples. The spectra for these samples are found in Figure 1. 
Distinct differences in absorption bands among the samples provide evidence of successful 
chemical modification of the starch molecules. 
 

 
FIGURE 1: FTIR for Native Starch (Blue) and Carboxymethylated Starch (Red) 

 
As depicted in Figure 1, the native starch (standard) and CMS (MCA) samples exhibit 
characteristic fingerprints of starch-based materials showing strong O-H stretching around 
3400cm-1, C-H stretching at about 2030cm-1, H-O-H bending near 1638cm-1, and carbohydrate 
related C-O/C-O-C vibrations in the 1150-1000cm-1 region. The modified MCA sample contains 
additional and more intense peaks around 1203-1241cm-1, ͂ 1417cm-1 and 932cm-1. These are 
consistent with the presence of new functional groups which indicate chemical modification.  
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Table 4: Biodegradability Over Time for Varying Plasticizer and Filler Combinations 

 
As illustrated in Table 4, the % degradability of the bioplastic films were examined for a three-
week period through a soil burial test. Each film contained varying concentration of ethylene 
glycol (plasticizer) and kaolin (filler). Weight loss was used to determine % degradation, 
reflecting microbial and moisture activity within the soil as demonstrated by (Tokiwa et al., 
2009). In this study, the bioplastic films showed steep degradation between Week 1 and Week 2. 
In particular, % degradability increased with ethylene glycol levels up to 88.2% for samples 
with 5 g EG. Ethylene Glycol reduces crystallinity and increases water uptake, enabling faster 
microbial infiltration as reported by (Momeni et al., 2021) and (Chen et al., 2024). At lower filler 
concentrations 0.5 g in particular kaolin disrupts the polymer matrix and increase surface 
roughness and wettability which may enhance microbial accessibility and accelerate 
degradation slightly due to polymer matrix. While at 1 g kaolin concentration the formation of a 
more compact and rigid polymer network reduces porosity and limits water and microbial 
penetration which may marginally reduce the % degradation. This observation is consistent 
with earlier studies reported by (Kwaśniewska et al., 2020) and (Alebel et al., 2024). All films 
reached 100% degradation by Week 3, confirming high intrinsic biodegradability of CMS-based 
materials. The interplay suggests: EG dominates early biodegradation kinetics – Kaolin modifies 
intermediate diffusion pathways. Neither additive inhibits full biodegradability. This behaviour 
aligns with literature showing that clay fillers alter water transport and microbial accessibility 
but remain environmentally benign (Mbey et al., 2012). 

 Ethylene 
Glycol(g) 

Kaolinite(g) Degradability 
(%) 
Week 1 

Degradability 
(%) 
Week 2 

Degradability 
(%) 
Week 3 

 
 
Carboxymethylated 
Starch 

2 0 32 78.2 Degraded  

0.5 29 71.9 Degraded 

1.0 25 66.8 Degraded 

3 0 38 79.0 Degraded 

0.5 32 72.2 Degraded 

1.0 28 69.3 Degraded 

4 0 42 80.5 Degraded 

0.5 35 75.3 Degraded 

1.0 30 69.0 Degraded 

5 0 48 88.2 Degraded 

0.5 39 72.8 Degraded 

1.0 34 68.9 Degraded 
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FIGURE 2: Effect of Ethylene glycol and Kaolinite on the Biodegradability of Starch Film with Varying 

Concentrations. 
 

 
FIGURE 3: Effect of Carboxymethylation on the Biodegradability of Starch Films 

 
The biodegradability profiles presented in Figure 2 and Figure 3 illustrate a clear and 
progressive increase in degradation across all formulations as incubation time advances from 
Week 0 to Week 3. As expected, all samples begin at 0% degradability, but the rate and extent of 
degradation vary subtly depending on the ethylene-glycol plasticizer concentration and the 
kaolin filler content. Across the different formulations, films containing higher ethylene glycol 
levels generally exhibit slightly faster degradation, particularly noticeable in the 5g EG series. 
This behaviour aligns with the role of plasticizers in reducing polymer crystallinity and 
enhancing molecular mobility, thereby making the matrix more accessible to microbial activity. 
Similarly, the inclusion of kaolin modifies the degradation pattern, although its effect is more 
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nuanced. At lower filler contents (0.5g), the films tend to show marginally enhanced 
degradability, likely due to the disruption of the starch network, which creates more pathways 
for water and microorganisms. However, at 1g kaolin, the trend stabilizes, suggesting that 
excess filler may contribute to a more compact matrix, slightly moderating the degradation rate. 
By Week 3, all samples reach approximately 100% degradability, demonstrating that the 
carboxymethyl starch–based films, irrespective of formulation, retain strong biodegradation 
potential. The difference lies primarily in the rate at which each composition progresses 
towards complete breakdown. Notably, combinations such as 3g EG + 0.5g kaolin and 4g EG + 
0.5g kaolin show comparatively steeper increases between Weeks 1 and 2, indicating 
accelerated breakdown within this interval. Overall, the biodegradability behaviour confirms 
that the incorporation of ethylene glycol and kaolin does not inhibit the environmental 
degradability of the films. Instead, these additives influence the kinetics of degradation in 
predictable and manageable ways, offering valuable insights for tailoring film properties to 
specific application requirements. 
 
(TGA)/(DTA) of Bioplastic Films 
TGA/DTA analysis revealed that modification of cassava starch through carboxymethylation 
the thermal properties of the cassava starch film can be enhanced for application in the 
biodegradable plastic film development.  
  

 
FIGURE 4: Effect of starch modification with 2 g ethylene glycol and 0 g kaolinite on the thermal property. 

 
FIGURE 5: Effect of starch modification with 2 g ethylene glycol and 0.5 g kaolinite on the thermal property. 
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FIGURE 6: Effect of starch modification with 2 g ethylene glycol and 1 g kaolinite on the thermal property. 

 
As depicted in Figure 4, the results show that the bioplastic film maintains thermal stability up 
to 200oC, after which major degradation begins. The incorporation of ethylene glycol slightly 
lowered the degradation onset temperature but enhanced the flexibility and ductility of the film 
(Shogren, 2003). DTA analysis revealed an endothermic peak below 120oC corresponded to 
moisture evaporation. A second weak endothermic transition between 150-210oC was 
associated with the volatilization of ethylene glycol. A strong exothermic peak observed 
between 240-320oC confirmed the decomposition of the starch polymer matrix consistent with 
the major mass loss observed in TGA. From Figure 5, TGA showed three main weight loss 
stages. An initial 10% loss below 180oC was due to moisture and volatile plasticizer 
evaporation. Major degradation occurred between 180-340oC (=33% loss) from starch and 
plasticizer breakdown, while a stable residue of about 40% remained beyond 340oC, mainly 
from kaolin. DTA peak near 310oC confirmed the main decomposition point. Overall, the film is 
stable below 200oC, with kaolin improving thermal stability and ethylene glycol enhancing 
flexibility (Sanyang et al., 2016; Gonzalez-Gutierrez et al., 2010). The TGA of Figure 6 showed 
major degradation occurred between 200oC and 340oC, representing the breakdown of starch 
matrix and volatilization of organic components. The result indicate good thermal stability 
below 200oC, making the film suitable for moderate-temperature applications. Kaolin improves 
heat resistance, while EG contributed to flexibility. DTA peaks confirm that its structural 
degradation is centered in the typical range reported for starch-based bioplastics (Sanyang et al., 
2016; Gonzalez-Gutierrez et al., 2010). 
 

 
FIGURE 7: Effect of starch modification with 3 g ethylene glycol and 0 g kaolinite on the thermal property. 
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FIGURE 8: Effect of starch modification with 3 g ethylene glycol and 0.5 g kaolinite on the thermal property. 

 
FIGURE 9: Effect of starch modification with 3 g ethylene glycol and 1 g kaolinite on the thermal property. 

 
As illustrated in Figure 7, the main decomposition occurred between 200 – 330oC, representing 
the breakdown of starch matrix and volatilization of organic components. With no kaolin filler, 
the film left only a very small final residue indicating almost complete thermal degradation of 
the organic material. DTA peaks around mid-200 to 300oC confirmed this major decomposition 
phase. Overall the film is stable below 200oC but becomes more thermally sensitive at higher 
temperatures due to the absence of kaolin. Increased EG enhances flexibility for but also 
increases low-temperature volatility. (Sanyang et al., 2016; Gonzalez-Gutierrez et al., 2010). From 
Figure 8, TGA analysis revealed that the bioplastic showed an initial weight loss between 120oC 
due to moisture, followed by major decomposition between 200 – 350oC and peak degradation 
around 350 – 380oC. A residue of about 12% remained at high temperature, attributed to kaolin 
and char. The results indicate that ethylene glycol slightly reduced early stability while kaolin 
improved thermal resistance and residue formation. DTA pattern shows a strong endothermic 
transition between 200 - 350oC linked to polymer degradation. The pattern confirms the 
materials stability up to about 200oC before significant thermal breakdown begins. From Figure 
9, for TGA the major degradation peak around 320 – 350oC indicating the breakdown of starch 
matrix and plasticizer. About 20% residue remained at high temperature due to kaolin 
inorganic content. The higher filler load improved thermal resistance compare to lower kaolin 
suggesting enhanced stability and char formation. DTA: shows a small endothermic peak at 30 
– 60oC from moisture loss. A broader transition at 150oC – 250oC marks the start of starch matrix 
degradation and breakdown of plasticizer interactions (Liu et al., 2019). This region is more 
gradual compared to films without fillers, indicating that kaolin improves thermal resistance by 
slowing decomposition. 
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FIGURE 10: Effect of starch modification with 4 g ethylene glycol and 0 g kaolinite on the thermal property. 

 
FIGURE 11: Effect of starch modification with 4 g ethylene glycol and 0.5 g kaolinite on the thermal property. 

 
FIGURE 12: Effect of starch modification with 4 g ethylene glycol and 1 g kaolinite on the thermal property. 

 
From Figure 10, with 4.0g of ethylene glycol, the film becomes more flexible due to strong 
plasticizing effect. The TGA shows a more noticeable initial weight loss occurs below 100oC, 
and the main degradation begins around 150oC – 200oC, showing the higher plasticizer content 
further reduces thermal stability (Liu et al., 2019). For the DTA, the endothermic peak appears 
near 50-60oC, indicating a lowered Tg and increased softness (Bhoopathi et al., 2020). A clear 
exothermic peak around 200 – 230oC marks the rapid breakdown of the CMS matrix during 
heating (Zhong et al., 2021). From Figure 11, the TGA shows a small moisture/volatile loss 
below 120oC, and large mass (73%) between 200 – 350oC (main polymer plasticizer 
decomposition) and a final inorganic rich residue (11 – 12%) from kaolin. DTA confirms with a 
major endothermic/degradation peak near 360 - 380oC, indicating the temperature of fastest 
breakdown - so the film is safe for low-temperature use (<200oC) but undergoes significant 
chemical degradation above 200oC. As illustrated in Figure 12, the TGA for the film shows only 
a small weight loss at low temperature (moisture/volatile loss), then a major decomposition 
centered around 341oC where the sample falls rapidly 18% mass by 351oC - indicating 
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polymer/backbone degradation -and finally levels off to a char/residue 0f 8.5% at the highest 
temperatures. DTA curve shows a mild endothermic event around 30 – 60oC linked to moisture 
loss followed by a broader endothermic drop indicating polymer softening and final 
degradation of the CMS-EG-kaolin structure (Bhoopathi et al., 2020). 
 

 
FIGURE 13: Effect of starch modification with 5 g ethylene glycol and 0 g kaolinite on the thermal property. 

 

 
FIGURE 14: Effect of starch modification with 5 g ethylene glycol and 0.5 g kaolinite on the thermal property. 

 

 
FIGURE 15: Effect of starch modification with 5 g ethylene glycol and 1 g kaolinite on the thermal property. 

 
From Figure 13, the TGA/DTA data of the bioplastic film remained stable up to 200oC, after 
which it showed a major thermal breakdown around 360 – 370oC. Residual mass was low (8%) 
indicating massive decomposition after the main peak. Generally, the film is suitable for low-
temperature application but degrades rapidly above 300oC. Also, from Figure 14, the TGA 
revealed that the film shows 8% early weight loss below 150oC from moisture and ethylene 
glycol with major degradation at 320-335oC, leaving 12 – 13% residue at 850oC due to kaolin and 
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char formation. DTA displays an endothermic transition around 220 – 240oC and a stronger 
peak near 320 – 335oC linked to polymer breakdown, followed by minor high temperature 
events from char-mineral interactions. Finally, from Figure 15 the TGA revealed that the film 
shows weight loss of about 3% below 150oC from moisture, followed by major degradation 
between 250 – 350oC as the CMS polymer breaks down. A final residue of about 19 – 20% 
remains at 850oC, reflecting the contribution of kaolin and char formation. The higher ethylene 
glycol content slightly lowers the onset of degradation but improves flexibility. Across all 
formulations, TGA profiles followed three characteristic degradation stages: 
(i) Moisture and volatile loss (<150°C): Typically 3–10% mass loss depending on EG content; 
higher EG increased volatility. 
(ii) Plasticizer volatilization and early CMS softening (150–200°C): Higher EG reduced onset 
temperatures, consistent with increased chain mobility. 
(iii) Major polymer degradation (200–350°C) 
 
CMS matrix decomposition dominated mass loss. Kaolin-containing films shifted peak 
degradation to the 320–350°C region. Residue yields increased with kaolin (up to ~20%). 
In conclusion, higher EG weakened initial stability with films becoming more sensitive to 
heating between 150–200°C. Decomposition occurring more rapidly in EG-rich films lacking 
kaolin. Kaolin improved thermal stability by delaying decomposition onset, increasing char 
residue, stabilizing the polymer–plasticizer network, reducing TG volatility at early stages. This 
is consistent with kaolin’s known catalytic and heat-shielding properties (Zhong et al., 2021). 
 
CONCLUSION 
Kaolin and ethylene glycol exert complementary effects on the biodegradability and thermal 
stability of CMS films. Ethylene glycol increases degradability but reduces thermal stability at 
low-to-moderate temperatures. Kaolin enhances heat resistance and structural integrity while 
maintaining biodegradability. All films degrade completely in three weeks, making CMS–EG–
kaolin formulations effective for disposable, eco-friendly packaging applications. 
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