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This study prepared a biodegradable polymer composite for a prototype plant bio-pot from thermoplastic starch
(TPS), poly (L-lactide) (PLL), reinforced with water hyacinth (WH) and peanut hulls (P) through a melt forming process.
The TPS compounds were prepared from native tapioca starch using a plasticizer mixture consisting of glycerol and
other plasticizers in a 2:1 weight ratio. The mixture included glycerol/sorbitol (GS), glycerol/urea (GU) and
glycerol/distilled water (GW), and were complared with glycerol (Gly) alone. The results showed that plastic sheet from
TPSgs has tensile mechanical properties, thermal stability, and water resistance better than other TPS compounds.
When TPSgs was reinforced with water hyacinth fiber and peanut shell (WHP) at 10 % by weight and 5 phr PLL was
added as an additive (90TPSgs/10WHP+5PLL), the tensile and water absorption properties of the composite sheets
were studied. It appeared that the reinforcement with 10% WHP by weight increased the elongation at break to 20.39%,
while also reducing water absorption and improving the stability of the plastic sheet during testing. Additionally, the
polymer composites can be formed into conical plant pots using a vertical ram extruder. The resulting plant pots exhibited
a dark brown color with creamy streaks evenly distributed throughout, a smooth surface texture and morphology stability.

They are suitable for use as small plant pots.
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Table 1 Composition of the mixtures used for the preparation of the thermoplastic starch compounds

TPS Tapioca starch Glycerol Sorbitol Urea Water distillation
compounds (Yowt) (Yowt) (Yowt) (Yowt) (Yowt)
TPSgy 70 30 - - -
TPSgs 70 20 10 - -
TPSgu 70 20 - 10 -
TPSew 70 20 - - 10
Table 2 The composition ratio of polymer composite compounds
Polymer compounds TPSgs (Yowt) Water Hyacinth (%wt) Peanut Hulls (%wt) PLL (phr)
TPSgst+5PLL 100 - 5
TPSgs*+10PLL 100 - 10
TPSgst+15PLL 100 - 15
90TPSgs/10WH+5PLL 90 - 5
90TPSgs/10WHP+5PLL 90 5 5
80TPSgs/20WHP+5PLL 80 10 5
90TPSgs/10P+5PLL 90 10 5
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Figure 1 The vertical ram extruder machine for the conical plant pots.

(A) vertical ram extruder and (B) conical plant pots mold
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Figure 3 TGA thermograms of tapioca starch powder and the TPS compounds.
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non-forming

(A) (B) (©) (D)

Figure 4 The TPS blend granulates, and sheets prepared with the addition of PLL content.

(A) TPSgs+5PLL, (B) TPSgs+10PLL, (C) TPSgs*+15PLL and (D) TPSgu+5PLL
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Figure 5 FT-IR spectra of TPSgg and TPSgg blends.
(A) TPSgs, (B) TPSgst+5PLL, (C) TPSgs+10PLL and (D) TPSgs+15PLL
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Table 3 Tensile properties of TPSgs and TPSgs+PLL blend sheets

Plastic sheets Tensile strength (MPa)

Elongation at break (%) Young’ modulus (MPa)

TPSes 2.46+0.21°
TPSgs+5PLL 3.17+0.25°
TPSgs+10PLL 2.74+0.38°
TPSgs*+15PLL 5.61+0.68°

60.21+8.41%" 62.95+3.14%

86.00+6.92°! 107.76+7.69°
66.2629.34°%" 90.50+14.84%

22.37+2.82% 268.63+11.90%

Note: Letters show statistically significant differences (p < 0.05) of each sample group using the Paired-Sample T-Test method
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Figure 6 TGA thermograms of TPSgs and TPSgst+PLL compounds.
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(A) (B) (©) (D)
Figure 7 Physical appearance of polymer composites. (A) 90TPSgs/10WH+5PLL, (B) 90TPSgs/10P+5PLL,
(C) 90TPSgs/10WHP+5PLL and (D) 80TPSgs/20WHP+5PLL
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Figure 8 Contact angles of water droplet on natural fiber reinforced TPSgs+5PLL sheets.

Note: Letter show the statistically significant difference (p < 0.05) of each sample using the Paired-Sample T-Test method
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Table 4 Water absorption of natural fiber reinforced TPSgg+5PLL sheets

Plastic sheets

Water absorption (%)

Time (hr) 3 6

12 24 72

90TPSgs/10WH+5PLL

63.15+4.50

90TPSgs/10WHP+5PLL 49.92+4.68 55.44+5.21
90TPSgs/10P+5PLL 65.52+0.62
80TPSgs/20WHP+5PLL 44.45+6.12 40.22+5.77

91.87+5.96

P —
—

105.03+2.33

103.27+5.89 44.82+6.77

e\
-

71.98+4.55

68.33+£5.34 70.40+2.08

Py

/

70.46+2.02

65.66+3.63

( tg)
-

69.34+3.39

: N

25.65+4.31

Note: Average and standard deviation values of three determinations by T-Test method (p < 0.05)

Table 5 Mechanical properties of TPSgg polymer composites

Plastic sheet

Tensile strength (MPa)

Elongation at break (%)

90TPSgs/10WH+5PLL 9.85+0.81°
90TPS¢s/10WHP+5PLL 7.94+0.33°
90TPSgs/10P+5PLL 8.14+1.08°
80TPSgs/20WHP+5PLL 7.4240.41°

3.33+0.41%"
20.39+2.67""
3.41+0.71%"

12.91+1.87°
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Figure 9 Conical plant pots.
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