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ABSTRACT

Granular biochar from coconut shell waste was produced in a 50 L heat-insulated iron kiln using the methods
of argon non-thermal atmospheric pressure plasma and high temperature steam at 700 °C for iodine adsorption
improvement. The experiments were divided into 4 groups: control, treated biochar with plasma for 1 hr, treated
biochar with 700 °C steam for 1 hr and treated biochar with 700 °C steam for 30 min, following treatment with
plasma for 30 min. For estimation of iodine adsorption, 2 ¢ of biochar were tested with 0.0048 M iodine solution
(25 mL) using centrifugation with a magnetic bar for 3 min. The iodine solution after centrifugation was measured
for absorbance at a wavelength of 350 nm. Based on the results, the biochar treated with 700 °C steam for 1 hr
had the highest efficiency (14.38+0.13 mg/g), with the iodine adsorption rate increasing by 3.9 times that of the
control experiment. On the other hand, the biochar treated with plasma had the lowest efficiency (2.24+1.20

mg/g), with the iodine adsorption rate decreasing to 0.6 times that for the control experiment.

Keywords: Argon non-thermal atmospheric pressure plasma; Treated biochar with steam at high temperature;

Coconut shell biochar; lodine adsorption
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Figure 1 External appearance of heat-insulated 50 L biochar kiln (a) and schematic diagram of internal structure

of heat-insulated 50 L biochar kiln (b)
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Figure 2 Schematic diagram of internal structure of high temperature controllable electric furnace. Electrical power
and internal volume of 1,500 W and 15,400 cm® (20 cm width x 22 cm height x 35 cm front to rear depth),
respectively (a). Photograph of stainless-steel chamber (7 cm diameter x 15 cm height) for biochar

activation (b)
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Figure 3 Schematic diagram of argon non-thermal atmospheric pressure plasma jet for biochar activation
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Figure 4 Photograph of coconut shell granular biochar treated with argon non-thermal atmospheric pressure
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Figure 5 Photograph of brownish orange iodine solution for adsorption test of biochar (control), 700 °C treated

biochar with steam for 1 hour, treated biochar with plasma for 1 hour and 700 °C treated biochar with

steam for 30 minutes following treated biochar with plasma for 30 minutes
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Figure 6 Coconut shell activated granular biochar (2 g) centrifuged with 0.0048 M iodine solution (25 mL) for 3 minutes
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Figure 7 Example of absorbance spectra measured using spectrophotometer in spectral range 300-500 nm
obtained from 20-fold dilution of 0.0048 M test iodine solution
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Table 1 Absorbance peak (abs|—3) measured using spectrophotometer at 350 nm representing remaining triiodide

(I5) after granular biochar in test iodine solution centrifugation

Biochar 700 °C-treated Treated biochar 700 °C-treated biochar with
Replications (control) biochar with steam with plasma steam + treated biochar with
(Go) (Gy) (Gp) plasma (Gsp)
1 6.66 0.25 7.67 0.55
2 11.29 0.37 11.18 1.74
3 8.29 0.69 11.23 0.68
Average 8.74 0.43 10.02 0.99
Standard

deviation 2.35 0.23 2.04 0.65
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Figure 9 Appearance of iodine solution centrifuged for 3 minutes with 2 ¢ of granular biochar (1), 700 °C-treated

biochar with steam (2), treated biochar with plasma (3) and 700 °C treated biochar with steam + treated

biochar with plasma, with 25 mL of test iodine solution
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Figure 10 Bar chart of iodine adsorption rate versus types of activated granular biochar
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