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Abstract

The objective of this research is to investigate an alternative approach to producing activated
carbon from corncob through single-stage physical-chemical activation using phosphoric acid and
carbon dioxide as assistive agents. The combined pyrolysis and activation process was studied by
varying temperatures between 600 and 800 °C and time between 2- and 4-hour activation periods.
The results confirm expectations in terms of product yield and physical properties with optimal
condition of 0.1 molar acid concentration at 800 °C temperature and 2 hours retention period. The
produced substance yields BET surface area of 825 m?/g with an iodine number of 546.76 mg/g

which is well in the range of commercial grade activated carbon available in Thailand.

Keywords: Activated carbon; Chemical activation; Physical activation; Phosphoric acid; Carbon di-

oxide; pyrolysis
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Figure 1 Lab-scale reactors: vacuum atmosphere tube furnace.

Table 1 Different prepared conditions for different corncob activated carbon samples.

Pyrolysis process Activated by CO
Z Activated Total time
No | Samples Activation time
Temperatature (°C) Time (hour) by H,PO, (hour)
(hour)

1 D 804 800 4 - - 4
2 A 804 800 4 - v 4
3 DC 804 800 2 2 - a4
a4 AC 804 800 2 2 v 4
5 AC_803 800 1 2 v 3
6 AC 802 800 - 2 v 2
7 AC_704 700 2 2 v 4
8 AC_604 600 2 2 v 4
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Table 2 Yields of activated carbons from corncob.

Samples Weight before process (g)

Corncob -

D 804 4.24 + 0.28
A 804 3.21 £ 0.07
DC 804 3.93 +£0.41
AC 804 3.86 + 0.49
AC_803 412+ 0.01
AC 802 3.73 £ 0.15
AC 704 3.57 £ 0.01
AC 604 3.51 +£0.26

Weight after process (g) Yields (%)
1.14 + 0.12 26.81 +1.82
1.26 +0.19 39.10 + 2.85
1.53 + 0.08 38.93 + 0.81
1.52 + 0.41 39.27 +5.79
1.87 + 0.02 4527 + 1.04
1.86 + 0.06 49.80 + 0.28
1.70 = 0.09 47.73 + 2.35
1.77 £ 0.15 50.43 + 1.27
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Table 3 Elemental analysis and high heating values.

Elemental analysis (%) High heating values
Samples . o/C H/C

C H N S O (kJ/g)
Corncob 43.400 | 6.845 0.420 0.047 49.29 0.852 1.893 18.47
D 804 86.407 | 1.933 0.662 0.025 10.97 0.095 0.268 30.56
AC 804 87.841 | 1.472 0.675 0.017 10.00 0.085 0.201 30.73
AC 704 87.045 | 1.863 0.650 0.026 10.42 0.090 0.257 31.42
AC 604 85.385 | 2.896 | 0.617 | 0.014 11.09 0.097 0.407 32.18

"Calculation took place under the weight assumption that 100% of total weight was elemental composition.
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Figure 3 Molar element ratio of activated carbon from corncob
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Figure 5 Observations with SEM: AC_804 x200.
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Figure 7 Observations with SEM: AC_604 x200.
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Table 4 The texture properties of the different activated carbons.

Samples BET Surface area (m?/g) Pore volume (cc/g) Average pore size (A)
A 804 1219 0.5831 9.57
AC 804 825 0.3882 9.40
AC 803 735 0.3443 9.36
AC 802 770 0.3533 9.17
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Figure 8 The correlation between the surface area according to the BET method and that resulted from the

iodine adsorption number [16]
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