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ABSTRACT: Comparative studies of the physicochemical properties of chemical activated carbon from palm kernel 

(PKS), coconut (CNS) and groundnut (GNS) shells were investigated. The properties investigated were pH, moisture 
content, specific gravity, BET surface area, pore volume, porosity, ash content and metal ions present. From the results 

obtained, the chemical activated carbon prepared from palm kernel, coconut and groundnut shells shows good physico-

chemical properties and adsorption capacity. However coconut shell with BET surface area 1177.520 (m2/g), potassium 
content of 179.33ppm and pH 7.5, having a better advantage to be used as organic fertilizer compare to groundnut shell 

with BET surface area 950.069 (m2/g), potassium content of 140.00ppm & pH 8.4 and palm kernel shell with BET surface 

area 717.142(m2/g), potassium content of 128.00ppm and pH 8.7 respectively in that order. Also, coconut shell with pore 

diameter of 2.840e+00, specific gravity of 1.42 & moisture content of 19.7% makes it a prefer option compare to 

groundnut shell with pore diameter of 2.920e+00, specific gravity of 148 & moisture content of 19.8%  and palm kernel 

shell with pore diameter of 2.840e+00, specific gravity of 1.61 and moisture content of 20.4% respectively.  
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Activated carbon is a special type of carbonaceous 

substance. It has highly crystalline form and 

extensively developed internal pore structure Tan and 

Hameed (2017). Due to activation, internal pore 

network is created which imparts certain surface 

chemistries (functional groups) inside each particle. 

Thus carbon gets its unique characteristics leading to 

high surface area, porosity and greater strength Hattab, 

et al., (2013). The absorptivity of the adsorbent 

depends on both the size of the molecule being 

adsorbed and the pore size of the adsorbent Kamal and 

Khan (2009). The organic material which has high 

carbon content is used as the raw material for the 

synthesis of activated carbon. There are many cheap, 

easily available materials such as palm kernel shell, 

coconut shell and groundnut shell which have been 

used extensively as the source for the synthesis of 

activated carbon Ani, et al., (2015). Oil Palm (Elaeis 

guineensis) is the most prominent species in the Elaeis 

genus which belongs to the family Palamae. It is 

cultivated in West Africa and in all tropical areas 

especially in Malaysia, Indonesia and Thailand. The 

oil extracted from the fruit pulp is used for edible 

purposes whilst the extracted oil from the kernel is 

mainly used for manufacturing of soap Abdullah, M,A  

Nazir, et al., (2011). Palm oil is one of the world’s 

largest source of edible oil with 38.5 million tonnes or 

25% of the world’s total oil and fat production 

Evbuomwan, et al., (2013).  . The waste products from 

oil palm processing consist of oil palm trunks, oil palm 

fronds, empty fruit bunches, and palm pressed fibres, 

palm kernel shells, less fibrous material such as palm 

kernel cake and liquid discharge palm mill effluent 

Singh, et al  (2010) and Singhabhandhu and Tezuka 

(2010). Also, the coconut tree (Cocos nucifera) is a 

member of the family Arecaceae (palm family) and 

the only living species of the genus Cocos. The husks 

and leaves can be used as material to make a variety of 

products for furnishing and decorating. The coconut 

also has cultural and religious significance in certain 

societies, particularly in India, where it is used 

in Hindu rituals. IAW, et al, (2008). Furthermore, 

groundnut botanically belongs to Araches hypo Gaea 

Linn of leguminous family. Groundnut is a self-

pollinated; annual and herbaceous legume crop. The 

shell constitute about 25-35% of the pod. The seed 

accounts for the remaining portion (65-75%) Sada, et 

al., (2013). Within the world countries, Nigeria is 
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among the foremost producers of groundnut, with an 

annual production rate of about 2.699 million metric 

tonnes in 2002 and 1.55 million tonnes in 2008 Sada, 

et al., (2013). It has the potential to produce high 

tonnes in future due to high demand from groundnuts 

products such as groundnut oil, spread, paste and 

concentrate. Over the years, palm kernel, coconut and 

groundnut shells are among the major solid waste 

especially in the developing countries of the world. 

Their potential as a very useful engineering materials 

has not been fully investigated and utilised. The 

utilization of  these shells will reduce waste 

management cost, leads to clean environment as result 

of pollution reduction and the increase in financial 

base of the farmer when such waste are sold as raw 

materials. They are used in the abatement of hazardous 

contamination of the environment. Thus the aim of this 

research work is to do a comparative studies of the 

Physico-Chemical Properties and Heavy Metals 

adsorption capacity of Chemical Activated Carbon 

from Palm Kernel, Coconut and Groundnut Shells. 

 

MATERIALS AND METHODS 
Sample Collection and Preparation: The palm kernel, 

coconut and groundnut shells were collected from 

traditional palm oil, coconut and groundnut industries 

in Aluu and Choba respectively, Obio-Akpor local 

government area, Rivers State, Nigeria. The samples 

were washed repeatedly with tap water in order to 

remove all the dirt’s, dusts and other contaminants. 

They were further washed with distilled water and sun-

dried for 4 days. The dried samples were ground to 

obtain a powder forms. They were then sieved with a 

500 µm mesh and stored in air-tight containers for 

further analyses. 

 

Chemical Activation and Carbonization: Activated 

Carbons were prepared from the palm kernel, coconut 

and groundnut shells using chemical activation 

method described by Evbuomwan, et al., (2013). 30g 

of the powdered samples each that is palm kernel, 

coconut and groundnut shells respectively were treated 

with 1 M solution of K2CO3 and NaHCO3. They were 

then activated for 40 minutes at a carbonization 

temperature of 8000C using Carbolite Muffle 

Furnaces. The activated carbons produced were 

washed with 0.5 M acetic acid solution, rinsed 

thoroughly with distilled water until the pH were 

within the range of 6-7. The samples were sun-dried 

and sieved with 500 µm mesh. Portions of the 

activated carbons retained on the mesh were oven 

dried for 1 hour and stored in air-tight containers. 

 

Determination of Physicochemical Properties of the 

Activated Carbons from Coconut, Groundnut and 

Palm Kernel Shells: pH Measurement: 1 g of the 

samples each (palm kernel, coconut and groundnut 

shells) were weighed and dissolved in 3 ml of de-

ionized water.. The various mixtures were heated and 

stirred for 3 minutes to ensure proper dilution of the 

samples. The solutions were filtered out and their pH 

were determined using a digital pH meter Madu and 

Lajide (2013). 

 

Determination of Moisture Content: The hydroscopic 

moisture content were determined using the ASTM D 

280-33. Clean empty nickel porcelain were oven dried 

at 1100C, cooled in a desiccator and then weighed. 1 g 

of the samples each (palm kernel, coconut and 

groundnut shells) were measured into the porcelain 

separately and the weights recorded. The porcelain and 

their contents were then oven dried at 1100C to a 

constant weight for 3 hours. The percentage moisture 

content was calculated using the formula Madu, P. C.1 

and Lajide, L.; (2013). 

 

                X
�� 
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               (1) 

 

Where: X0 = Moisture content on wet basis; W1 = 

Initial weight of sample, g; W2 = Final weight of 

sample after drying (g) 

 

Ash Content Determination: Ash content 

determination was done according to the ASTM D 

2866-94 method Verla, et al., (2012). Dry activated 

carbon samples each (palm kernel, coconut and 

groundnut shells) were placed into a porcelain 

crucibles and transferred into a preheated muffle 

furnace set at a temperature of 1000 0C. The furnace 

was left on for one hour after which the crucible and 

their contents were transferred to desiccator and 

allowed to cool. The crucible and their contents were 

reweighed and the weight lost were recorded as the ash 

content of the activated carbon samples (Wash). Then, 

the % ash content (dry basis) were calculated from the 

equation below   

     Ash(%)
�  

��&����
��

 � 
��%
                   (2) 

Where: WC = Weight of crucible; Wc&S = Weight 

crucible and sample after ashing (grams); W0 = Dry 

weight of carbon sample before ashing. 

 

Pore Volume Measurement: 1 g each of the samples 

(palm kernel, coconut and groundnut shells) were 

collected and transferred completely into a 10 ml 

measuring cylinders in order to get the total volume of 

the samples. The samples were then poured each into 

a beaker containing 20 ml of de-ionized water and 

boiled for 5 minutes. The content in the beakers were 

then filtered, superficially dried, and weighed. The 

pore volume of the samples were determined by 
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dividing the increase in weight of the sample by the 

density of water Madu and Lajide (2013). 

 

Bulk Density and Porosity Determination: The bulk 

density and porosity were determined by the method 

of Verla, et al., (2012). A cylinder and an aluminium 

plate were each weighed. Samples of activated carbons 

(palm kernel, coconut and groundnut shells) were 

placed into the cylinders each, reweighed and 

transferred into the aluminium plate and the oven dried 

to a constant weight at a temperature of 105 0C for 

60minutes. The weights of the dried samples were 

recorded after drying. A cleaned, dried well-corked 

density bottles were weighed. A small quantity of 

activated carbon of each samples (palm kernel, 

coconut and groundnut shells) were taken and ground 

to powder; sieved  using 110 µm mesh size, and 

gradually put into the density bottles each with little 

amount of water added and weighed. The volumes of 

the void (Vv) were obtained by first determining the 

total volume of the cylinders each (�� = ���ℎ) used 

for the experiments and also determining the volumes 

of the activated carbons used. 

 

     �
�� 

 !
"!#$

                      (3) 

 

Where:  r = radius of cylinder, h = height of cylinder, 

Ms= mass of cylinder, Gs= Specific gravity; Pw = 

density of water; The volume of void (Vv) was 

obtained as: �% =  �� − ��; The bulk density and 

porosity were calculated as; 

 

   '()* +,-./01 ('. +) =
34�� 56 74895: �43;<=
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   (4) 
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Surface Area Determination: The specific surface 

areas of the activated carbon samples (palm kernel, 

coconut and groundnut shells) were determined using 

BET instrument applied by Particle Analytical 

(Micromeritics Gemini 2375 and Gemini V) 

determines the specific surface area (m²/g) of samples. 

The samples are dried with nitrogen purging or in a 

vacuum applying elevated temperatures. Unless 

otherwise instructed we use P/P0 of 0,1, 0,2 and 0,3 as 

standard measurement points. The volume of gas 

adsorbed to the surface of the particles were measured 

at the boiling point of nitrogen (-196°C). The amount 

of adsorbed gas were correlated to the total surface 

area of the particles including pores in the surface. The 

calculation were based on the BET theory. 

Traditionally nitrogen were used as adsorbate gas. Gas 

adsorption also enables the determination of size and 

volume distribution of micropores (0.35 – 2.0 nm). 

The surface area determined by BET was thus 

normally larger than the surface area determined by air 

permeability. The method used complies with Ph. 

Eu.2.9.26 Method II. 

 

 Determination of Heavy Metals Contained in the 

Samples: The heavy metals present in the activated 

carbon samples (palm kernel, coconut and groundnut 

shells) were determined using a Perkin Elmer Atomic 

Absorption Spectrophotometer. Bentum, et al., (2011) 

and (Evbuomwan, et al., (2013).  

 

Statistical treatment of Data: The data generated from 

these research work were analysed using both Excel 

version 2013 and IBM SPSS version 23. 

 

RESULTS AND DISCUSSION 
The results of the of the research carried out on the 

comparative studies of the physicochemical properties 

and metals present in chemically activated carbon 

from palm kernel, coconut and groundnut shells have 

been carefully detailed in the tables 1-4 and figure 1. 

Tables 1-3 shows the physicochemical parameters, 

concentration of metals present and one-way ANOVA 

in SPSS Statistics. Figure.1 shows the graph of the 

concentration of heavy metals obtained. 

 
pH: Effect of pH on the adsorption process pH is one 

of the most important environmental factors 

influencing not only site dissociation, but also the 

solution chemistry of heavy metal: hydrolysis, 

complexation by organic and/or inorganic ligands, 

redox reactions, and precipitation are strongly 

influenced by pH and on the other hand, it strongly 

influences the speciation and adsorption availability of 

heavy metals Sekar, et al., (2004). From table. 1, the 

pH of the samples were found to be 7.5, 8.4 and 8.7 for 

coconut, groundnut and palm kernel shells 

respectively. The adsorption of the adsorbent 

(chemically activated carbon) increased with 

increasing pH. Similar result was found by Liu, J. et 

al., (2007). The value of pH obtained in this analyses 

were ideal for adsorption purposes as maximum 

adsorption of metals by most activated carbon occur at 

this pH Nwabanne  and Igbokwe  (2012). Carbons of 

pH 6-9 are useful for most applications Okiemmen, et 

al., (2007). 

 

Moisture (%): Moisture is the presence of a liquid, 

especially water, often in trace amounts. Moisture has 

different effects on different products, influencing the 

final quality of the product under study. From table 1, 

moisture content chemically activated carbons were 

19.7%, 19.8% and 20.4% respectively for coconut, 

groundnut and palm kernel shells. Moisture content 

tended to be usually the same for coconut and 
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groundnut shells whiles slightly higher for palm kernel 

shell showing that these carbons were properly 

prepared and handheld. It should be noted that when 

exposed to air the AC are capable of adsorbing 

moisture from atmosphere. This normally could lead 

to high moisture content Verla, et al., (2012) and 

Evbuomwan, et al., (2013). 

 

Ash content (%): The ash content is a measure of the 

total amount of minerals present within a material, 

whereas the mineral content is a measure of the 

amount of specific inorganic components present 

within a material, such as Ca, Na, K and Cl. From the 

results obtained in table 1, the ash content of the 

samples are 11.7%, 12.3% and 14.2% for groundnut, 

coconut and palm kernel shells respectively. The 

presence of appreciable amount of ash contents in all 

the samples indicates that they can be use a potential 

sources of organic fertilizer. However higher levels of 

ash contents reduces the overall activity of activated 

carbon and it reduces the efficiency of reactivation. 

Also, the presence of ash has been shown to inhibit 

surface development Valix, et al., (2004). 

 
Table 1: Physicochemical Characteristics of Chemical Activated Carbons of Coconut, Groundnut and Palm Kernel Shells 

Physicochemical 

Properties 

Coconut 

Shell 

Groundnut 

shell 

Palm 

Kernel shell 

pH 7.5 8.4 8.7 

Moisture (%) 19.7 19.8 20.4 
Ash content (%) 12.3 11.7 14.2 

Pore Diameter (nm) 2.840e+00 2.920e+00 3.000e+00 

Bulk density (g/cm3) 1.21 1.15 1.25 
Porosity (%) 70 70 65 

Specific gravity 1.42 1.48 1.61 

BET Surface area (m2/g) 1177.52 950.069 717.142 

 

Table 2: Concentrations (ppm) of heavy metals present in Coconut, Groundnut and Palm Kernel Shells 

N/S Parameters Coconut 

shell 

Groundnut 

shell 

Palm Kernel 

shell 

1 Cadmium, Cd 0.01±0.02 0.01±0.01 0.01±0.01 

2 Chromium, Cr 0.81±0.45 0.93±0.39 1.01±0.37 

3 Lead, Pb 0.57±0.26 3.66±0.82 0.58±0.26 

4 Nickel, Ni 0.37±0.16 0.34±0.19 0.39±0.18 

5 Zinc, Zn 0.66±0.15 1.73±0.21 1.52±0.2 

6 Calcium, Ca 0.55±0.18 1.31±0.14 2.95±0.35 

7 Potassium, K 179.33±5.51 140.00±4.36 128.00±3.00 

8 Copper, Cu 1.54±0.15 0.35±0.17 0.91±0.36 

9 Magnesium, Mg 7.33±0.58 43.00±4.36 18.00±2.0 
10 Iron, Fe 132.02±0.50 57.67±031 81.79±0.20 

 

Pore Diameter (nm): From the results obtained in table 

1, the pore diameter were 2.840 e+00 nm, 2.920e+00 

nm and 3.000e+00 for coconut, groundnut and palm 

kernel shells respectively. If the pore diameters are 

smaller than 2 nm, these are called micro- pores. If 

their sizes are between 2 and 50 nm, these are called 

meso-pores. Also, the material is named macro-porous 

if their sizes are larger than 50 nm. The adsorption 

capacity of the macro- porous materials is at a 

negligible level compared to that for the micro- and 

meso-porous adsorbents Kirali and Lacin, (2006) and 

Salem, et al., (2014). From literature values it was 

found out the value obtained falls within the acceptable 

range for meso-porous adsorbents. 

  

Bulk density (g/cm3): Bulk density is the weight of soil 

or powder substance in a given volume. Soils or 

powder substance with a bulk density higher than 1.6 

g/cm3 tend to restrict root growth. It increases with 

compaction and tends to increase with depth. The bulk 

density (g/cm3) obtained were 1.21 (g/cm3), 1.15 

(g/cm3) and 1.25 respectively for coconut, groundnut 

and palm kernel shells. These results are slightly 

higher than to those found in literature (Nwabanne and 

Igbokwe, 2012). However, these results shows that the 

samples studied were within the recommended values 

for bulk density making it ideal for adsorbents. 

 
Porosity (%): Pore size distribution has been used to 

describe the internal structures and adsorption 

capacities of activated carbons (Dalye and Tandon, 

1996).The pore characteristics of the activated 

charcoal are a determining factor in its rate and ability 

to adsorb toxins (Ilomuanya, et al., 2017). From table 

1, the porosity of the samples were 70%, 70% and 65% 

for coconut, groundnut and palm kernel shells 

respectively. The high micro porosity in the activated 

carbon samples suggests potential applications in gas-

phase adsorption for air pollution control Patrick, 

(1995) and Guo and Lua (2000). 

 
Specific gravity: Specific gravity is the ratio of the 

mass of volume of substance to the mass of the same 

volume of water and depends on two temperatures, at 



Comparative Studies of the Physicochemical Properties…..                                                                            1837 

BOADU, KO; JOEL, OF; ESSUMANG, DK; EVBUOMWAN, BO 

 

which the mass of the sample and the water are 

measured. Specific gravity is influenced by the 

chemical composition of the oil (Hamawand et al., 

2013). The specific gravity values obtained from table 

1 are 1.42, 1.48 and 1.61 for coconut, groundnut and 

palm kernel shells respectively. The values obtained 

are within the specific gravity range of 0.8 – 2.1 for 

activated carbons found in material safety data sheets. 

(CAS Number: 7440-44-0; EC Number: 231-153-3). 

 
BET Surface area (m2/g): Specific surface area is a 

scale-dependent property, with no single true value of 

specific surface area definable, and thus quantities of 

specific surface area determined through BET theory 

may depend on the adsorbate molecule utilized and its 

adsorption cross section (Hanaor, et al., 2014). The 

BET surface area values obtained are 1177.520 (m2/g), 

950.07 (m2/g) and 717.142 (m2/g) respectively for 

coconut, groundnut and palm kernel shells. The high 

BET surface area values obtained, indicates the 

presence of many adsorption sites and thus showing 

desirable characteristics for potential use as pollutant 

adsorbent in used lubricating oils. Liew et al., (2018). 

 
Table 3: One-way Anova in SPSS Statistics of the chemical activated carbons from coconut, groundnut and palm kernel shells 

 

 
*. The mean difference is significant at the 0.05 level. 

 

Heavy Metals (ppm): Heavy metals are naturally found 

on the earth’s crust through anthropogenic activities.  

They cannot be degraded or destroyed by living 

organisms. To some extent they enter our living 

organisms via food, drinking water, air, adsorption, 

absorption etc. As trace elements, some heavy metals 

(e.g.  Copper, selenium, zinc) are essential to maintain 

the metabolism of the human body. However, at higher 

concentrations they can lead to poisoning Evbuomwan 

et al., (2013). Heavy metal  poisoning  could  result 

from  drinking-water  contaminated  with lead  (e.g. 

lead  pipes),  high  ambient  air  concentrations  near  

emission  sources,  or  intake  via  the  food chain (Kpan 

et al., 2014). Results from the heavy metal analyses of 

the activated carbon samples from Table 2 above, 

reveals that the toxic metals such as: Cadmium (Cd) 

and Nickel (Ni) were below the detected limits, 

whereas, Chromium, Lead, Copper, Zinc, Calcium, 

Potassium, Copper, Iron and Magnesium were above 

the detected limits. Potassium is oxidized easily, thus 

reducing the available oxidizing agents (Udoetok, 

2012). The high  concentration of Potassium  in  this 

sample and the presence of other metals like Zinc,  

Iron, Calcium and Magnesium makes it suitable for  

use  in  conditions  reactions  where  reduction  is  

paramount (Udoetok, 2012). Also since the toxic 

metals detected and not detected in the activated 

carbons from coconut, groundnut and palm kernel 

shells can be used in removing these toxic metals from 

waste water and used lubricating oil. From Fig.1 

above: It can be observed that the  concentration of 

Potassium in the samples are  higher than other metals 

in the samples, with the concentration of Potassium in 

oil coconut higher than that in the groundnut and palm 

kernel shells. The high concentration of Potassium in 

the activated carbon samples form coconut, groundnut 
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and palm kernel shells justifies its usage as organic 

fertilizer since Potassium is needed by plants in large 

quantities for growth and support (Udoetok, 2012).  

 

One-way ANOVA in SPSS Statistics of the activated 

carbons from coconut, groundnut and palm kernel 

shells: As shown in table 3,there was a statistically 

significant difference between groups as determined 

by one-way ANOVA for the various metals are Copper 

(F(2,6) = 17.550 , p =.003 ), Iron (F(2,6) =33464.685  

, p =.000 ),Zinc (F(2,6) = 27.551 , p = .001 ), Lead 

(F(2,6) =35.256  , p = .000), Magnesium  (F(2,6) = 

129.271  , p = .000), Calcium (F(2,6) = 78.702  , p = 

.000) and Potassium (F(2,6) = 111.246, p = .000).  

 

Conclusions: A comparative studies of the 

physicochemical properties and heavy metals 

adsorption capacity of chemical activated carbon from 

palm kernel, coconut and groundnut shells were 

carried out. The experimental analyses investigated 

shows that the activated carbons prepared from 

coconut, groundnut and palm kernel shells have good 

physicochemical properties for adsorption. However, 

it could reasonably be concluded that coconut shell 

with high BET surface area and potassium content 

have a better advantage to be used compare to 

groundnut shell and palm kernel shell. Also, coconut 

shell with good pore diameter would be more suitable 

than groundnut shell and palm kernel shell 

respectively.  
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