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A Study on Development of Fabrication Method for Green Composites

with less Environmental Burden and Reinforcement of Resin by addition of Nano Particles

Goichi BEN*, Takumi MATUDA**, Susumu TAKAHASHI*,
Yoshio AOKI***, Masato UEDA****, Senji IMAMURA*****,
Mitsuo YODA***** and Takahira AOKI******

Conventional plastics have some problems in the case of disposal. The combustion disposal discharges
the carbon dioxide in the air because the plastics are made of fossil fuel. In the case of disposal in the
ground, these plastics remain semi-permanently without decomposing. Therefore, green composites are
now developing instead of conventional plastics and are studied as a material of less environmental
burden. In this paper, a pultrusion method was developed for fabricating green composites composed of
PLA (Poly Lactic Acid) or PBS (Poly Butylene Succinate) resin as a matrix and kenaf fibers as
reinforcement. Their tensile strengths at the different temperatures were examined. As a result, the
performance of pultrusion method which could continuously fabricate green composites was demon-
strated here and their tensile strengths and Young’s moduli of PLA/kenaf and PBS/kenaf composites
were larger than those of both resins alone at the different temperatures. This result showed the
reinforcement effect to the matrix of PLA or PBS by kenaf fibers at the room and the higher
temperatures. Furthermore, the tensile strength and Young’s modulus with the pultrusion method were
larger than those with the hot press method, because the tension applied to the fiber bundles during the
pultrusion molding. The heat resistance of the PBS/kenaf composite was higher than that of PLA/kenaf
composite. Finally, the mechanical properties of PBS/nano clay composites were also reported in order

to improve the heat resistance of green composites.
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Fig.4 Schematic view of pultrusion molding
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Fig.6 Taking back machine
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Table 1 Pultrusion molding conditions (PLA)

Cylinder temperature [°C] 185
Temperature of cross head die  [*C] 185
Die temperature [*C] 150
Screw revolution [rpm] 3~4
Pulling speed [mm/min] 41

Table 2 Pultrusion molding conditions (PBS)

Cylinder temperature [°C] 190
Temperature of cross head die  [*C] 190
Die temperature [°C] 140
Screw revolution [rpm] 3~4
Pulling speed [mm/min] 41
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Table 3 Hot press molding conditions with PLA resin

Process Clearance = Melting = Impregnation = Cooling
removal
Temperature [*C] 185 — 5°C/min
Pressure [MPa] 10 1 10 1
Time 10 sec. 20 min. 10 sec.




Table4 Hot press molding conditions with PBS resin

Clearance . . .
Process = Melting = Impregnation = Cooling
removal
Temperature [°C] 140 — 5°C/min
Pressure [MPa] 10 1 10 1
Time 10 sec. 20 min. 10 sec.
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Fig.7 Hot press molding of green composite
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Fig.8 Stress-strain curves of PLA/kenaf compos-
ites and PLA alone
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Fig.9 Stress-strain curves of PBS/kenaf compos-
ites and PBS alone

Table 5 Results of tensile test

Vf Tensile strength Young’s modulus
[%] [MPa] [GPa]
PLA alone 0 54.9 3.4
H 1di
ot press molding | o 112.3 11.8
PLA UD 0°
Pul i 1di
ultrusion molding 30 1524 135
uD 0°
PBS alone 0 30.4 0.8
Hot 1di
OF Dress moldng | 49 86.2 8.8
PBS UD 0°
Pultrusi 1di
ultrusion molding 28 08.3 10.2
UD 0°
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Fig.11 Cross section of both green composites
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Table 6 Results of tensile test at different temperatures

Temperature [°C]

Tensile strength [MPa]

PLA/Kenaf UD 0°

PBS/Kenaf UD 0°

Pultrusion molding

Hot press molding

Pultrusion molding

Hot press molding

25 152.4 112.3 98.3 86.2
50 92.4 81.7 84.1 85.7
100 N.A. N.A. 51.6 50.4

Temperature [*C]

Young’s modulus [GPa]

PLA/Kenaf UD 0°

PBS/Kenaf UD 0°

Pultrusion molding

Hot press molding

Pultrusion molding

Hot press molding

25 13.5 11.8 10.2 8.8
50 8.7 6.6 8.0 8.7
100 N.A. N.A. 7.8 7.0
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Table 7 Molding conditions of hot press molding

Process Melting = Impregnation = Cooling
Temperature [°C] 150 — 5°C/min
Pressure [MPa] 0 10 1
Time 3 min. 10 sec.
Upper plate
Metal mold
Lower plate
Unidirectional
Brenres composites
(0/6/0)

Fig.14 Schematic figure of hot press molding
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Fig.15 Unidirectional plate of PBS/kenaf compos-
ite

120

100 -
= Test specimen A (V£: 31%) //
E 80 //
§ 60
= Pultrusion (Vf: 28%)
® 40
=
220
)
=

0
0 0.5 1 1.5 2

Strain [%]

Fig.16 Stress-strain curves of PBS/kenaf compos-
ites
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