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A Study on Increased Properties of Cellulose-Based Biodegradable
Polymer Composites

Sangjun Hong*, Ajeong Lee*, Sanghyeon Ju*, Youngeun Shin*, Teahoon Park*"

ABSTRACT: Growing environmental concerns regarding pollution caused by conventional plastics have increased
interest in biodegradable polymers as alternative materials. The purpose of this study is to develop a 100%
biodegradable nanocomposite material by introducing organic nucleating agents into the biodegradable and
thermoplastic resin, poly(lactic acid) (PLA), to improve its properties. Accordingly, cellulose nanofibers (CNFs), an
eco-friendly material, were adopted as a substitute for inorganic nucleating agents. To achieve a uniform dispersion of
cellulose nanofibers within PLA, the aqueous solution of nanofibers was lyophilized to maintain their fibrous shape.
Then, they were subjected to primary mixing using a twin-screw extruder. Test specimens with double mixing were
then produced by injection molding. Differential scanning calorimetry (DSC) was employed to confirm the reinforced
physical properties, and it was found that the addition of 1 wt% CNFs acted as a reinforcing material and nucleating
agent, reducing the cold crystallization temperature by approximately 14°C and increasing the degree of crystallization.
This study provides an environmentally friendly alternative for developing plastic materials with enhanced properties,
which can contribute to a sustainable future without consuming inorganic nucleating agents. It serves as a basis for
developing 100% biodegradable green nanocomposites.
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Fig. 1. Scheme of PLA polymerization by condensation reaction
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Fig. 2. Image of a twin-screw extruder and injection molding
unit

Table 1. Conditions of twin screw extruder for producing poly-

mer pellet
Processing parameters Condition
Barrel temperature (°C) 195
Nozzle temperature (°C) 205

Screw rate (rpm) 100
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Table 2. Conditions of injection molding unit for synthesizing
the specimens for test

Processing parameters Condition
Barrel temperature (°C) 180
Nozzle temperature (°C) 190
Mold temperature (°C) 80
Holding time (second) 60
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Fig. 3. Optical image of pure PLA (a) and CNF/PLA (b) specimen
and SEM images of CNF aerogel (c) and (d)
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Fig. 4. DSC result of pure PLA and CNF/PLA (a) the first cycle
and (b) the second cycle (exo up, 10°C/min)

Table 3. DSC result of CNF/PLA and PLA (10°C/min, from 25°C to
200°C)

T,(°C) | T..(°C)|H. U/g)| T, (°C) |H,, (J/g)| X, (%)

PLA 1% - - 168.59 | 39.16 | 41.8

CNF/PLA 1 - - 169.06 | 42.56 | 459

T, (°O) |T,. CO)|H. (J/g)| T,, (°C) |H,, (/g)| X, (%)

PLA 2™ 57.97 |126.26| 32.16 | 166.50 | 36.35 4.5

CNF/PLA 2™ | 57.58 | 112.59| 35.81 | 168.77 | 37.78 2.1
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Fig. 5. SEM images of neat PLA (a) and (c), CNF/PLA composite
(b) and (d) with different scale
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