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Abstract — This study investigated the effects of pretreatment conditions on the properties of kenaf/polypropylene
(PP) biocomposites. Kenaf fibers were treated under alkaline conditions with moderate severity (NaOH 2-6 wt.%, H-
factor ~ 800) and acidic conditions. The chemical composition changes were quantitatively analyzed using NREL
standard methods, ensuring the reliability of the data, while the thermal and mechanical properties of the biocomposites
were evaluated by thermogravimetric analysis (TGA) and tensile testing, respectively. The results showed that alkali
pretreatment effectively reduced lignin and hemicellulose contents, leading to improved interfacial bonding between the
fibers and the PP matrix. The tensile strength increased significantly with fiber loading up to 30 wt.%, while a decrease
in the enhancement rate was observed at 40 wt.%, which could be explained by the theoretical rule of mixtures and fiber
agglomeration. Thermal analysis revealed that pretreatment influenced the thermal degradation behavior of kenaf
components, whereas the thermal stability of the PP matrix was largely maintained.
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Mixing ratio

Kenaf : PP (w:w)

NaOH

concentration

2:8 3.7 4:6

untreated

NaOH 2 wt.%

NaOH 4 wt.%

NaOH 6 wt.%
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Pretreatment NaOH

H,SO,4

condition

150 °C
Particle size

200 °C

150 °C 200 °C

17 pm

2000 pm

Fig. 2. Photographs of kenaf/PP biocomposites prepared with different particle sizes and alkali/acid pretreatment conditions at 150 and 200 °C.
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Table 1. Chemical composition of kenaf fibers subjected to alkali pretreatment determined by HPLC

Alkali conc. Glu Hemicellulose sugars (wt.%) Acetyl T. Sugar Ash AIL
(Wt.%) (Wt.%) Xyl. Arab. (Wt.%) (Wt.%) (Wt.%) (Wt.%)

Untreated 61.58 17.84 1.74 2.07 83.23 1.68 9.92

2 80.35 12.57 1.80 2.11 96.83 1.41 8.55

4 84.82 11.09 0.82 2.01 98.74 1.11 2.76

6 89.31 6.92 1.47 2.19 99.89 1.13 1.09

% Glu.-Glucose; Xyl.-Xylose; Ara.-Arabinose; T.sugar-Total Sugar: AIL-Acid Insoluble Lignin
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Table 2. Yield of kenaf fibers obtained under different alkali pretreatment conditions

NaOH concentration (wt.%) 2 4 6
Yield (%) 48.06 + 1.37 40.26 + 1.74 34.28 +1.43
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Fig. 3. TG and DTG curves of kenaf/PP biocomposites with different kenaf contents under various alkali pretreatment conditions: [a, b]
untreated, [c, d] NaOH 2 wt.%, [e, f]| NaOH 4 wt.%, and [g, h] NaOH 6 wt.%
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Table 3. Tensile strength of kenaf/PP biocomposites as a function of
NaOH concentration and kenaf fiber content

Samples NaOH conc. Kenaf contents  Tensile strength

(Wt.%) (%) (MPa)

PP - 0 29.6

10 27.9

Untreated 0 20 28.4
Kenaf/PP 30 13
40 324

10 224

) 20 26.8

30 30.7

40 34.6

10 333

Treated 4 20 50.4
Kenaf/PP 30 619
40 64.2

10 21.9

6 20 244

30 422

40 45.6
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Table 4. Yield of kenaf fibers as a function of particle size and alkali/
acid pretreatment conditions

Conditions
Average yield, %
Solvent ~ Temperature, °C  particle size, pm gey
2000 64.68+£1.17
150
17 68.55+0.10
NaOH
2000 55.49+1.09
200
17 59.31+£0.46
2000 53.21+£0.21
150
17 61.43+£2.11
H,SO4
2000 27.75+5.70
200
17 46.41£591
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Fig. 4. TG and DTG curves of kenaf/PP biocomposites prepared with different pretreatment solvents and temperatures at 2000 pm particle

size: [a] TG curves and [b] DTG curves.

Table 5. Tensile strength of kenaf/PP biocomposites prepared with
different particle sizes and pretreatment conditions

L Temperature, Tensile strength
Particle size Solvent . (MPa)
PP 29.6
150 284
- NaOH 200 296
Hm o 150 243
2 200 255
150 215
2000 NaOH 200 23
Hm o 150 19.9
2 200 20.7
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