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Abstract. In recent times, awareness on plastic pollution had increase which brings innovation 
on new productions to be environmental friendly. Various polymers has been used to analyse 
the suitability to produce thin films. In this study, Poly lactic acid (PLA) and Polybutylene 
adipate terephthalate (PBAT) reinforced with microcrystalline cellulose (MCC) were 
investigated. MCC were produced from selected bamboo for obtaining cellulose, then followed 
by an acidic hydrolysis process for the processing of microcrystalline cellulose (MCC). In this 
study, the thin film are focusing on the barrier properties such as water absorption, solvent 
resistance and absorption test. From the results shows that, the lowest rate of water absorption 
rate is 1.9% by 1% B-MCC/PLA/PBAT, meanwhile, the highest rate of water absorption is 
60.1% by 5% C-MCC/PLA/PBAT. The water absorption rate decrease gradually with the 
decreasing of amount of MCC in the samples. Lastly, the thin film samples can resist with oleic 
acid solvents as the condition of thin film samples is still remain but they were not resistance 
with xylene as the thin film samples were shrinked and degraded. This thin film have a 
potential to replace the non-biodegradable petrochemical polymer based on their properties 
such as food contact, availability and cost. 

1. Introduction 
During the modern period nowadays, people start taking care of the environment due to many 
pollutions as many industries start developing in many countries. One of the corruptions is the plastic 
pollution is due to the some of the community that do not have an awareness to recycle the plastics to 
reduce pollution that contribute to ocean pollution and become threats to the aquatic living things [1]. 
One of the way to prevent the plastic pollution is by substitute the non-biodegradable polymer to 
biodegradable polymer [2] such as polylactic acid polymer that can be process using the standard 
method for processing polymer.  

In this study polylactic acid (PLA) and polybutylene adipate terephthalate (PBAT) were used to 
produce thin film incorporate with microcrystalline cellulose (MCC) derived from bamboo. PLA or 
polylactic acid is derived from renewable sources and is a thermoplastic aliphatic polyester that 
commonly used in the food industry. Polylactic acid have the potential to replace the non-
biodegradable petrochemical polymer based on their properties such as food contact, availability and 
cost [3]. Polylactic acid has many advantages as a biodegradable polymer that has better water vapour 
barrier properties [4]. 
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For polybutylene adipate terephthalate or PBAT, PBAT is a random copolymer that is 
biodegradable and can easily thermoform and moulded. Polybutylene adipate terephthalate or PBAT is 
a biodegradable polymer that has excellent ductility [5]. PBAT has many benefit properties such as has 
low stiffness, puncture toughness [6]. For this research study, the objectives is to analyse the barrier 
properties of PLA/PBAT incorporate with MCC such as the moisture content determination and 
solvent resistance of the thin film to know their potential as an alternative bio plastic in the food 
industry. 

2 Materials and Methods 

2.1 Cellulose preparation 
Kraft pulping method was used to prepare the cellulose from the bamboo sample [7]. 100g of bamboo 
chip was used in Kraft pulping method. The bamboo chip was cooked with NaOH solution and Na2S 
solution and the black liquor was removed. Then the sample was undergo the bleaching process using 
[8] method, to get the white cellulose.  

2.2 Microcrystalline cellulose preparation 
Microcrystalline cellulose (MCC) ware obtained by using acid hydrolysis method [9] 2.5N HCl at 
105°C ± 2 was used to hydrolyse pulp fibres for 30 minutes with the 1:20 ratio of pulp to liquor. The 
reaction mixture was washed with 5% diluted ammonium hydroxide (NH4OH). Then, to make sure the 
mixture is acid-free, the mixture was washed with distilled water repetitively. From this process, the 
microcrystalline cellulose (MCC) that derived bamboo pulp fibres was filtered in the room 
temperature (23-26°C) and until the constant weight is achieved [10]. The MCC was dried in the 
vacuum oven at 105°C. After this process, the MCC produced was ground until form to a fine powder 
by using a ceramic mortar. The final product form of MCC was a fine, white to yellowish colour and 
snowy powder. The MCC derived from bamboo named B-MCC while commercial MCC named C-
MCC which compared in this study.  

2.3 Preparation of thin film 
PLA and PBAT pellets, MCC were dried for one day in the oven [11].The B-MCC/PLA/PBAT and C-
MCC/PLA/PBAT composites were prepared by melt-mixing with 50 ml chloroform in the beaker at 
temperature 60°C. 

2.4 Characterization of thin film 
The bamboo powder, cellulose, B-MCC, C-MCC, B-MCC/PLA/PBAT thin film, C-MCC/PLA/PBAT 
thin film were characterized on the barrier properties such moisture content (MC), solvent resistance 
and absorption test. 

2.4.1 Determine the moisture content of thin film 
Xylene and oleic acid were the solvent that used for the absorption and resistance of solvent test for all 
samples.  For two day (48h), the properties of solvent resistance for all different solvents that the 
samples were immersed and observed with camera at temperature of 30°C  [12].The weight for initial 
samples and the weight of samples after immersion were recorded to know the absorption of solvent. 
The SAR (ratio of solvent absorption) formula was in equation 1: 

 
 SAR =     (1) 

  
The weight of samples before immersion in the solvent is  and the weight of samples after taken 

out from immersion of solvent is  [11].  
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2.4.2 Determine the solvent resistance of thin film 
The thin film of B-MCC/PLA/PBAT and C-MCC/PLA/PBAT were cut into 5cm x 5cm regarding to 
ASTM D570. The mass of each samples were measured according to different temperature. Three 
temperatures used for water absorption test which were 23°C , 100°C and equilibrium state (23°C, 
50% RH). Each of the samples were immersed in the beaker containing distilled water that were set at 
different temperatures for 24 hours. Then, the weight of each samples were measured again after 24 
hours [13].  The formula of increase in weight percentage is equation 2: 
 

Percentage of 
weight (%) =  

 
(2) 

3 Results and Discussion 

3.1 Moisture content of thin film 
From the figure 1, the moisture content of thin film samples were shown. The highest moisture is 4.3% 
by PLA /PBAT thin film sample followed by 1% B-MCC/PLA/PBAT (3.9%), 5% B-
MCC/PLA/PBAT (3.4%), 3% B-MCC/PLA/PBAT (3.1%), 1% C-MCC/PLA/PBAT (1.5%) , 3% C-
MCC/PLA/PBAT (1.2%), 5% C-MCC/PLA/PBAT (0.5%) respectively. 

The moisture content of thin film samples decrease gradually with the increase in the 
microcrystalline cellulose. This is because the gradually growing concentrations of MCC encouraged 
the creation of further hydrogen bonds between PLA/PBAT and MCC molecules and increased the 
compactness of the thin films [14]. In the other hand, the hygroscopicity of thin films with significant 
volumes of MCC was weak due to the lower hydrophilicity. Overall, in this moisture content analysis, 
the more the amount of MCC content in the thin film, the lower the moisture content in the thin film 
such as 5% C-MCC/PLA/PBAT which only absorbed 0.5% of moisture content. 

 

 

Figure 1. Moisture content of thin film samples. 

3.2 Solvent resistance of thin film 
From table 1, the solvent resistance of thin film samples were shown. The condition of the thin film 
samples are different according to the solvents used such oleic acid and xylene. Xylene solvent made 
the thin films samples become hard and degrade after the immersion. As the amount of MCC increase 
in the thin film, the thin film samples were less degrade and less ruptured than PLA/PBAT thin film 
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samples as it was not reinforced with MCC [15].  Meanwhile, oleic acid solvent only made the thin 
film samples absorbed the solvents but there were no changes in the condition of thin film samples.  

Xylene is a solvent that were used in many industries as a raw material to produce films, dyes and 
fibres [16]. In this study, the properties of thin film samples is not resistance with the xylene as it made 
them degrade and non-functional. Yet, oleic acid solvent is resistance with the thin film samples and 
still functional. 

Table 1.  Solvent resistance of thin film samples 

Thin film 
samples Oleic Acid Xylene 

PLA/PBAT 

  

1% C-
MCC/PLA/PBAT 

  

1% B-
MCC/PLA/PBAT 

  

3% C-
MCC/PLA/PBAT 

  

3% B-
MCC/PLA/PBAT 

  

5% C-
MCC/PLA/PBAT 
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 (Continued…) 

Thin film 
samples 

Oleic Acid Xylene 

5% B-
MCC/PLA/PBAT 

  

3.3 Absorption rate of thin film 
From the figure 2, the solvent absorption rate percentage for two solvents is shown. Generally, for 
Xylene solvent, the bio plastic thin film samples absorbed lesser amount of solvent then oleic acid 
solvent in the bio plastic thin film samples [17]. The highest rate of solvent absorption is 1% C-
MCC/PLA/PBAT thin film (Oleic acid: 62.07%, Xylene: 35.06%) followed by 1% B-
MCC/PLA/PBAT thin film (Oleic Acid: 60.31%, Xylene: 25.95%). Meanwhile, the lowest rate of 
solvent absorption is 5% B-MCC/PLA/PBAT (Oleic acid: 11.99%, Xylene: 8.32%) thin film followed 
by 5% C-MCC/PLA/PBAT thin film (Oleic acid: 15.50%, Xylene: 11.60%). 
 Xylene is an organic hydrocarbon chemical and oleic acid is categorised as one of fatty acid. 
Oleic acid resulted the increase of solvent absorption rate percentage while xylene resulted the 
decrease of solvent absorption rate percentage [18]. The decreasing of amount of MCC in the thin film 
samples made the increasing of solvent absorption rate. This is because there are many porous space in 
the thin film samples as there are less amount of MCC that reinforced with PLA/PBAT. Then, the 
solvents can penetrate into the thin films and increase the absorption rate.  
 

 

Figure 2. Percentage of solvent absorption percentage of thin film samples 

4. Conclusion 
In this study the thin film of PLA/PBAT reinforced with microcrystalline cellulose has been studied. 
The results shows that the moisture content of the thin film decrease as the MCC is higher due to high 
amount of hydrogen bonds that made the thin films more compacted. Other than that, the rate of water 
absorption can decrease as the decreasing of permeability. This is because the pore structure of thin 
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film play the main part in the absorption of water. For solvent absorption, the thin film absorb more 
amount of oleic acid than the xylene as the percentage of solvent absorption for oleic acid is more 
higher than the percentage of solvent absorption for xylene. In addition, the thin film samples have no 
resistance with xylene solvent is because they shrink and degraded after the immersion for 48 hours. 
Meanwhile, the thin film samples have resistance with oleic acid solvent because the thin film samples 
structure is remained and stable after the immersion. So this thin film are appropriate with certain 
function of thin film in the future. 
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