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Impact and Fire Retardant Properties of Flax Fiber Reinforced
Nanoclay Composites by Taguchi Method

Cheon Won*, Jin-woo Kim*, Dong-woo Lee*, Byung-sun Kim**, Jung-ll Song*"

ABSTRACT: This paper deals with the study of mechanical properties and impact energy absorbed by composites,
made by using thermoplastic and thermoset as matrix, flax fiber and nanoclay as reinforcements. The nanoclay was
sprayed on the fiber laminate directly after mixing with ethanol. This experiment designed by Taguchi method and
have variable factors, i.e three types of fiber direction(F), three different nanoclay wt%(N) and three spray gun hole
shapes(S). According to these conditions, composites were made and the optimum conditions were found to be
FIN3S1, FIN2S1, FIN2S1 and F3N2S1 for thermoplastic, and FIN3S2, FIN3S2, FIN2S2 and F3N2S1 for thermoset
which were matched with tensile strength, modulus, total impact absorbed energy and heat release rate respectively.
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Fig. 1. Three different types of the flax fabric.
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Fig. 2. Three different types of the spray nozzle hole shape.
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Fig. 3. Diagram of the spray progress.
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Fig. 4. Diagram of the manufacturing with PP.
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Fig. 5. Hitting condition of the hot press process.
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Fig. 6. Diagram of the manufacturing with Epoxy.

Table 1. Design of experiments by the Taguchi method

F N S
No (fiber type) (nanoclay) | (pray hole shape)
1 Uni-directional 5 wt% 1 hole
2 Uni-directional 10 wt% line
3 Uni-directional 15 wt% 3 hole
4 Bi-directional 5 wt% 3 hole
5 Bi-directional 10 wt% 1 hole
6 Bi-directional 15 wt% line
7 Random-directional 5 wt% line
8 | Random-directional 10 wt% 3 hole
9 Random-directional 15 wt% 1 hole

9 2AL h7H AW Al webd UPHSE A

2.3 QIZE Al&(tensile test)

QIAA|EL Instron 11852} 5567 WH5-A| A 7S ARR-H AL, A
AE darste] A= S A- ol ARE-RE Al
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Fig. 7. Tensile test specimens.
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Table 2. Results of the tests of the Flax/PP with nanoclay
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Table 3. Results of the tests of the Flax/Epoxy with nanoclay

Tensile Young’s Absorbed | Heat release
No strength modulus energy ratio peak

[MPa] [GPa] [J1 (kW/m?]

1 201 13.8 4.66 970

2 192 16.0 527 902

3 190 17.1 4.19 918

4 98.3 8.28 4.61 776

5 63.2 6.16 4.37 797

6 83.5 7.50 4.28 824

7 30.2 4.99 4.15 720

8 40.1 5.16 3.39 655

9 39.8 5.54 3.37 8501

Table 4. S/N ratios of design factors of Flax/PP composites

Tensile strength Modulus Absorbed energy
(MPa] [GPa] U]
Stress | delta | Stress | delta | Stress | delta
FI | 3833 2141 1412
F2 29.50 12.88 8.53 14.46 13.54 0.55
F3 25.45 6.96 13.91
N1 30.87 12.50 13.73
N2 3145 0.58 12.66 0.93 13.83 0.16
N3 30.96 11.73 14.02
1| 3140 1276 1396
S2 30.50 0.90 11.75 1.01 13.87 0.14
S3 31.38 12.38 13.75

Table 5. S/N ratios of design factors of flax/epoxy composites

Tensile Young’s Absorbed | Heat release
No strength modulus energy ratio peak

[MPa] [GPa] [J] [kW/m?]

1 79.9 11.8 5.04 816

2 86.0 12.0 5.11 782

3 81.8 11.5 5.10 743

4 26.5 2.65 4.68 848

5 30.8 2.61 4.65 747

6 32.6 2.75 4.94 770

7 20.2 2.48 4.87 758

8 19.7 2.53 4.99 639

9 16.5 1.82 5.03 760

Tensile strength | Young’s modulus | Absorbed energy

S/Nratio| delta [S/Nratio| delta |S/Nratio| delta
FI | 4577 23.85 13.42
F2 38.10 14.55 17.22 9.48 12.90 2.24
F3 31.22 14.36 11.17
N1 38.51 18.37 13.00
N2 | 3791 0.75 18.04 0.97 12.62 1.13
N3 | 38.67 19.01 11.88
S1 38.85 18.18 12.20
S2 | 3917 | 211 | 1900 | 097 | 1275 | 055
S3 37.06 18.14 12.54
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Table 6. S/N ratio and predicted value of the optimum conditions of the tensile strength, modulus and total absorbed energy

Matrix Tensile strength [MPa] Modulus [GPa] Absorbed energy []]
S/N ratio [dB] Predicted value S/N ratio Predicted value S/N ratio Predicted value
Flax/PP 39.00 84.58 22.24 12.05 14.38 5.23
(FIN3S1) (FIN2S1) (FIN3S2)
i 47.06 \ 201 24.60 \ 16.58 17.60 \ 7.58
ax/Epoxy
(F1IN3S2) (FIN3S2) (F1IN2S2)
Table 7. Results of the fire tests of the flax/PP with nanoclay
Heat release Ratio Peak Optimum values
Flax/PP Flax/Epoxy Flax/PP ‘ Flax/Epoxy
S/N Ratio delta S/N Ratio delta F3N2S1
F1 -57.84 -59.73 S/N ratio
F2 -57.92 0.81 -58.05 2.01 -56.37 ‘ -56.79
F3 -57.11 -57.35 Predicted value
N1 -58.13 -58.23 658 \ 696
N2 -57.15 0.98 -57.82 0.90
N3 -57.59 -58.72
S1 -57.36 -58.13
2 -58.02 0.66 -58.50 0.37
S3 -57.49 -58.14
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Fig. 11. S/N ratio graph for design factors with respect to each
level of the Heat Release Ratio (HRR).
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