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Abstract: The activated carbon was prepared from carbonaceous agricultural waste Palm fronds by chemical
activation using potassium hydroxide (KOH) at 400°C. The palm frond was carbonized in an inert atmosphere
and then the char was mixed with KOH. The mixture was then activated thermally in an inert atmosphere and
finally washed and dried to obtain the activated carbon. The objectives of this work were to develop a modified
method to produce activated carbons from palm fronds and to study its physical and morphological
characteristics. The characterization of carbon was by Field Emission Scanning Electron Microscope (FESEM)
and FTIR. The results of FTIR strongly support significant chemical and spectral changes occurring with the
activation of the palm fronds for KOH treatment.
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INTRODUCTION microwave power, possibly due to the high thermal

Waste materials are regarded as the most suitable decomposition [4]. The purpose of the present paper is
source materials for the production of activated carbon the evaluation of the experimental data that were
(AC) because of their low purchasing cost and easy determined for production of activated carbon from palm
accessibility [1]. Thus, generating activated carbons fronds.
(ACs) from a range of raw materials such as, agricultural Experimental conditions for carbon production from
wastes, coal, coconut shells and wood will reduce the agricultural wastes
environmental impact of waste materials. With their use as
activated carbon, a high added value can be obtained [2]. MATERIALS
AC produced from this agricultural waste, can also
facilitate the disposal problem and reduce pressure on Date palm fronds from Saudi Arabia and potassium
forest clearing while these agricultural waste products hydroxide pellets from BRIGHTCHEM SDN BHD were
also have no economic value and nonrenewable. The used as received. 
intricate production of AC by chemical activation
involves the impregnation of the precursor material with METHODS
KOH at a relatively low temperature 400°C [3].

Microwave power also plays a crucial part in In this study, the date palm fronds (DPF) used to
adsorption capacity and carbon yield. Increasing produce activated carbon was from a date palm frond field
microwave power from 90 to 600 Watts considerably in Riyadh, Saudi Arabia. DPF was cut into small pieces of
enhances adsorption uptake, possibly because of the about 1-2 cm, washed with water and subsequently dried
combined effect of internal and volumetric heating, which under the sun. These steps were followed by the crushing
accounts for the development of the carbon structure. and sieving of the particles to mesh size of 1–4 mm. The
However, at the high radiation power of 800 watt, over- palm pieces were then washed with hot water and further
gasification might occur with detrimental impact to cause subjected to heat from the sun to remove any moisture
carbon burn and destruction of the pore structures. The content. Thereafter, the samples were wrapped in
weight loss of carbon increased proportional to the aluminum foil and carbonized at 400°C for 2 hours in an

radiation which leads to rapid volatilization and
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evaporating dish at a heating rate of 30°C/min. The char Figure 1 (a-c). Images illustrate pores around the surface
produced was mixed with potassium hydroxide (KOH) of material. Activated carbons seem to be clearly more
with an impregnation ratio of 1:3, 1:4 and 1:5 (w/w%) porous. The aim of chemical activation is to improve the
respectively (For 24 hours). The sample was then adsorption properties of the carbon residue. Therefore
activated at power 360-630 watt (For 2 hours). At the end chemical activation would be required to increase the
of activation the samples were withdrawn from the oven specific surface area of ash. The FESEM figure of palm
and allowed to cool. Activated carbon (AC) was washed fronds after adsorption of KOH is shown in Figure 1 (a-c).
with 0.1 M HCl and rinsed severally with distilled water It shows the irregular structure with rough texture and
until pH 6–7 was attained. Increasing microwave power large number of cavity or pores. This will provide the
from 360-630 watts considerably enhances adsorption surface adsorption of potassium.
uptake, possibly because of the combined effect of
internal and volumetric heating, which accounts for the TGA Analysis: Tables 1 and 2 respectively present the
development of the carbon structure. proximate and elemental analysis of ACs samples. After

Characterization of Materials: The morphology was fixed carbon content of the precursor increase
determined by Field Emission Scanning Electron significantly. The palm frond would be a good source of
Microscope (FESEM, 6701F microscopy). Characterization energy because of its high volatile content [5]. The effect
of ACs was by Fourier Transform Infrared Spectroscopy of oxidation on BET surface areas varies according to the
(FTIR). treatment used and the raw material properties [6].

RESULTS AND DISCUSSION chemisorption prevailed over carbon oxidation resulting

Characterization of Optimized ACs at low surface areas involved the treatment and activation
FESEM   Analysis:   FESEM   images   of  activated method [8]. N  gas was not used the preparation of AC
carbons {AC(1:3), AC(1:4) and AC(1:5)} are presented in that may explain why surface area is low.

undergoing activation process, the volatile matter and

According to Stavropoulos et al. [7] oxygen

in a decrease in surface area. Moreover, the results show

2

Fig. 1: FESEM micrographs; (a) AC(1:3), (b) AC(1:5) and (C) AC(1:5)

Table 1: Proximate analysis of activated carbons

Proximate analysis (%)

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Sample Moisture % Volatile matter % Fixed Carbon % Ash % Surface area(BET), m g HHV kJmol2 1 1

AC(1:3) 26.3 31.4 62.4 6.20 33.85 18.97

AC(1:4) 26.2 26.3 62.3 11.4 20.25 18.22

AC(1:5) 13.9 40.6 51.5 7.90 25.26 18.85
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Table 2: Elemental analysis of activated carbons

Elemental analysis (%)

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Sample C H O K Si N –Cellulose Lignin HHV kJmol 1

AC(1:3) 58.48 6.159 41.02 - 15.22 23.03 55.50 17.16 19.46

AC(1:4) 53.42 5.808 36.39 4.40 7.13 1.283 16.59 39.51 20.69

AC(1:5) 53.57 5.962 39.46 2.21 1.81 19.34 38.22 37.01 21.02

Fig. 2: FTIR spectrum; (a) AC(1:3), (b) AC(1:5) and (C) AC(1:5)
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