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ABSTRACT

Since the environmental problems and new stricter regulations are forcing the industries to introduce more
ecological materials for their products, biodegradable materials have attracted increasing attention. Among these
materials, Polylactic acid(PLA) is a promising candidate for its modulus, strength, chemical resistance. However,
PLA could not be used for automobile industries for its low heat resistance and impact strength. In this study
natural fibers were (jute fiber was) introduced as reinforcements in order to improve heat resistance and impact
strength of PLA. Especially for improving the adhesion between PLA and jute, various surface treatments were
tried. With each treatment, we verified that the impact strength of composite was improved. With annealing
treatment, we found a remarkable increase of heat resistance of PLA composite.
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Fig. 1 Carbon Neutral cycle.
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Fig. 3 Example of bio composites of Toyota Raum.
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Table 1 Test methods for the mechanical properties of the material

Test Methods
Tensile Strength

Spec. No Detailed Conditions

Shape : Type 1
Speed: 50mm/min
Thickness : 6.4mmT

ASTM D 790 Span : 100mm
Speed: 30mm/min

- ASTM D 638
Elongation

Flexural Strength

Flexural Modulus

Specific Gravity ASTM D 792 Precipitation Method
Heat Deflection Thickness: 6.4mmT
Temperature ASTM D 648 Load : 0.45MPa
Izod Impact ASTM D 256 Thickness: 6.4mmT

Strength Pendulum : 3J
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Table 2 Mechanical properties of PLA, PP, and ABS
Test Methods Unit PLA PP ABS
Tensile
Strength MPa 59 30 47
Elongation % 3 22 30
Flexural
Strength MPa 85 47 78
Flexural
Modulus GPa 2.9 1.6 2.6
Specific
Gravity - 1.2 0.9 1.1
Heat
Deflection T 56 137 92
Temperature
Izod Impact
Strength J/m 33.32 61.74 264.6
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Table 3 Mecanical properties of natural fibers

Fiber SGprZ(‘:/llf;I; Diameter ;::slgl[eh Elongation
- m MPa %
Cotton 1.5~1.6 300~800 7~8
Jute 1.3~1.5 25~200 400~800 1.2~1.5
Flax 1.5 - 350~1100 2.7~3.2
Hemp - - 690 1.6
Ramie 1.5 - 400~950 1.2~3.8
Sisal 1.45 50~200 470~640 3~7
Coir 1.15 100~450 130~180 15~40
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Table 4 The mechanical properties of PP compounds

Test Method Uni PP PP + Jute
est Methods nit
10% 20% 30%
Tensile 30 42 52 60
Strength MPa +0.19 +0.7 +2.0 423
. ) 22 3 2 1
Elongation % £5.6 4006 | +0.01 | +0.09
Flexural 47 59 74 84
Strength MPa £1 408 | 424 | #25
Flexural GP 1.6 3.1 53 7.4
Modulus a +0.25 £020 | +021 | £0.23
Specific _ 0.9 1.0 1.0 1.1
Gravity +0.01 +£0.01 | 001 | +0.01
Heat
. o 137 161 164 164
Deflection ¢ 427 3.1 | 32 | £32
Temperature
Izod Impact J/m 61.74 43.12 44.1 40.18
Strength +3.2 +2.1 +2.2 +1.9
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(b) Schematic of plasma coating
Fig. 4 The surface treatments of natural fiber.
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Table 5 The results of PLA composites with surface treatments

PLA + Jute 10%
Test Methods | Unit No Alkali Plasma
Treatment Treatment Treatment

Tensile MPa 60 77 74
Strength +2 +0.68 +2.97

. 2 1.8 1.6
Elongation | % +0.24 +0.076 +0.14

Flexural MPa 90 108 99
Strength +0.5 t1.4 +1.3

Flexural GPa 5.8 5.6 53
Modulus +0.16 +0.24 +0.23
Specific 1.27 1.28 1.28
Gravity . +0.01 +0.01 +0.01

Heat

. o 61 60 59

Deflection C +12 11 111
Temperature

1zod Impact Ym 15.68 23.32 33.32
Strength +1.0 t1.5 *1.6
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(c) Plasma treatment

Fig. 5 SEM images of surface of PLA composites.
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Table 6 The results of PLA composites with annealing treatment

PLA + Jute 10%
Test Methods | Unit No Alkali Plasma
Treatment Treatment Treatment
Tensile 54 63 64
Strength | MPa £50 +12 +1.0
. 1 1 1
0,
Elongation | % +0.16 +0.055 +0.074
Heat
. o~ 150 154 154
Deflection C +43 +42 +4.4
Temperature
Izod Impact Ym 37.24 343 32.34
Strength +2.2 t1.6 t1.4
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