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ABSTRACT 

 

 Activated carbon was prepared from palm kernel shell (PKS), Coconut shell (CS) and Gmelina arborea saw dust (SD) by chemical 

activation method using zinc chloride, potassium carbonate and phosphoric acid as activating agent with different impregnation ratios and 
activation temperatures. The proximate analysis, bulk densities, pH, conductivity, crude fiber, and selected metal composition of the raw 

materials were determined. The agricultural samples were impregnated with the reagents at room temperature for an hour, heated in the 
oven for 2 hours at 105oC before being carbonized at 400 – 600oC in the furnace under pure inert nitrogen gas. Methylene blue and iodine 

adsorption number was utilized to estimate the surface area and performance of active carbon produced. The mesopores structural 

parameters (SMB) was estimated to range between 3.933- 15.3994, 3.4267- 15.7400, and 6.193-15.8065 10-3 km2/kg for palm kernel shells 
(PKS), coconut shells (CS) and saw dust (SD) respectively. Their corresponding micropores level and degree of activation was presented 

as Iodine Adsorption Number (IAN), which followed the range 179.73 – 338.33, 15758 – 320.42, and 241.43 – 546.51 (in mg/g iodine per 

gram of activated carbon) for PKS, CS and SD respectively.  
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INTRODUCTION   

 

 The development of activated carbons from 

agricultural wastes and other related carbon -

containing materials for the processing and treatment 

of waste water and other purification purposes has 

increase in recent times [1]. The apparent factors 

attributed to this stem from the general increase in 

population and human activities, development in 

science and technology, exploitation of natural 

resources and various industrial productions resulting 

in the generation of more waste waters into the 

environment. Furthermore, environmental concerns 

and the enforcement of regulations by the various 

government of the world have increased the sourcing 

and production of activated carbon over the years [2].  

 The demand for activated carbon can be 

attributed to the unique properties of carbon. It large 

internal porosity surface  (micropore, mesopores and 

macropores) and it physicochemical  properties make 

it applicable for the treatment of different categories 

of wastes including toxic metals, volatile organic 

compounds such as hydrocarbons, solvents, toxic 

gases and organic based odors [3 – 5]. Characteristics 

of AC depend on the physical and chemical 

properties of the raw materials as well as method of 

activation [6]. Qualitative and quantitative 

characterizations of activated carbon is highly 

essential in order to access adequately it feasibility 

for normal removal of contaminant and hence design 

the most effective manner in which it can be used 

[7]. Different grade of granulated activated carbon 

adsorbent for scavenging priority pollutants from 

waste water was reported by Shaski and Tenkie [8]. 

Among other things, yield, surface area, pore size 

and volume, burn off, iodine number, methylene blue 

adsorption, apparent density, hardness (abrasion) 

number, ash content, particle size, adsorption etc are 

important properties whose studies are essential and 

relevant for the exploitation of activated carbon for 

commercial and industrial purposes [5].  Products of 

carbonization are largely influenced by the activation 

chemical, nature of biomass, method of activation 

and temperature [9].  

 Activated carbon can be produced from any high 

carbon content and low inorganic  containing raw 

material [10].  Nigeria is blessed with different types 

of waste materials from which activated carbon, can 

be produced. There are abundance of nut shells 

(coconut shells, almond shells etc), saw dust and 

other agricultural wastes (corn cob, stalks) [11, 12]. 

The disposal of agricultural by product currently 
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constitutes a major economic and environmental 

issue, and the conversion of these agro products to 

adsorbent, such as activated carbon represents a 

possible outlet.  Research work carried out on some 

of these materials indicated their usefulness as 

adsorbent for effective removal of organic 

contaminant [13]. This present research is a 

comparative study of activated carbon from three 

locally available agricultural by-products in Nigeria, 

namely, palm kernel shells (PKS), coconut shells 

(CS) and saw dust (SD) using ZnCl2, H3PO4 and 

K2CO3 as activating agents. 

  

Materials and Methods 
 

Preparation of Samples:  

 About 10 kg each of dried PKS was obtained 

from a market in Abeokuta, CS from Badagry and 

saw dust of Gmelina tree from a saw mill at Ibadan, 

Nigeria. The samples were collected into polythene 

sacks. They were later washed vigorously with water 

to remove dust, stones and other foreign bodies, and 

then, sun dried. The PKS and CS were milled into 

the following particle size ranges: 1.18 - 1.0 nm, 

1.00-0.6 nm and 0.60-0.075nm. The first and the last 

particle range were used in this research. The milled 

and sieved samples were kept in covered plastic 

containers.  

 

Proximate Analysis of the Biomass: 

 Proximate analysis gives valuable information 

about the practical utilities of the tropical biomass. 

The moisture, ash and fiber contents were 

determined using the AOAC standard methods [14]. 

Organogenic elements (i.e. C, H, N, S and O) which 

represent 95% of all the element that form dry matter 

content were determined using AOAC methods. The 

metal content of the sample were determined by wet 

digestion in a mixture of 1:1 ratio of concentrated 

nitric and pechcloric acid  

 

Determination of Bulk Density: 

 The bulk densities of PKS, CS and SD were 

determined using 1.00 - 1.18 nm particle size. A 

known weight of the sample was packed into a dry, 

cleaned 10 ml measuring cylinder (whose empty 

weight is known) and was tampered on a hard flat 

surface. The reduced compacted volume of the 

sample in the measuring cylinder was recorded [15]. 

The mass of the compacted sample was subsequently 

determined. The bulk density was calculated as mass 

per volume of the compacted sample. 

 

Determination of Conductivity: 

 Conductivity was taken by soaking 10 g of the 

raw sample (0.60- 0.075mm particle size) in 10 ml of 

deionized water and allowed to stand for 30 minutes. 

A conductivity meter was used to measure the 

conductivity of the sample by dipping its electrode 

into the solution.  

 

Carbonization Experiments: 

 About 30 g samples of SD, PKS and CS  (1.00 - 

1.18 mm particle size) were separately weighed into 

500 ml beakers and 30 g and 15 g of K2CO3 and 

ZnCl2 were added separately to each beaker to give a 

reagent - to - sample ratio of 1:1 and 1:2 respectively. 

To each beaker was added 100 ml of water and the 

content was stirred until the salt dissolved. The 

samples were impregnated in the salt solution for 1 

hour, after which they were transferred into a 

Carbolite Oven at 105
o
C for 24 hours. Similarly, 30g 

of each of the three samples (1.00 - 1.18 particle 

size) were impregnated with 100 ml H3PO4 

containing 20 % and 30 % by volume of H3PO4 

solution respectively at room temperature for one 

hour; they were transferred into the oven at 105
o
C for 

24 hours. The samples obtained were used for 

carbonization experiments. Carbonization of the SD 

sample was carried out at 400 and 500
o
C while those 

of PKS and CS were done at 500 and 600 
o
C 

respectively for 2 hours each. The furnace was 

regulated until the desired temperature was reached 

and then kept constant by the temperature controller 

of the furnace. Nitrogen gas was subsequently passed 

into the furnace at a constant flow rate to create an 

inert atmosphere in the furnace. As carbonization 

time was reached the furnace heating source was 

switched off and allowed to cool to 200
o
C with 

nitrogen gas still flowing. The carbonized samples 

were further cooled further to room temperature, 

weighed and the percentage yields were subsequently 

calculated. 

 

Determination of Iodine Number of Activated 

Carbon: 

 The iodine numbers of the carbons were 

determined using a modified method of Itodo et al. 

2010 [7]. 0.5g of activated carbon (AC) from each 

precursor was weighed into a beaker and 25ml of 

standardized iodine solution (0.0216M) was added. 

The mixture was swirled vigorously for 10 minutes 

and 20 ml of the clear filtrate was titrated with 

standardized sodium thiosulphate solution (0.1220M) 

to a persistence pale yellow color. 5ml of the freshly 

prepared starch indicator solution was added while 

titration resumed until a clear solution appeared, The 

procedure was repeated for two more times. The 

titration was also repeated with 20ml portion of the 

standardized iodine (not treated with AC from the 

precursor) to serve as blank titration. The iodine 

adsorption number (IAN) was calculated using the 

following relationship: 

       IAN = Wt x Ms (Vb – Vs)/2Ma       (1) 

 Where Wt is the molecular weight of iodine, Ms, 

the molarity of the thiosulphate solution (mol/dm
3
), 

Vs, the volume of thiosulphate (cm
3
) used for 

titration of AC aliquot, Vb, the volume of 

thiosulphate (cm
3
) used for blank titration, and Ma, 

the mass of AC (g).  
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Determination of Methylene Blue Adsorption: 

 0.25g of activated carbon was accurately 

weighed and soaked in 25ml of methylene blue (MB) 

solution of known concentration [16]. The resulting 

mixture was shaken for 2 hours and then allowed to 

stand for 24 hours. The absorbance value was read 

from a Perkins Elemer UV spectrometer at a 

wavelength of 606.6 nm. The concentration of MB 

was determined from the calibration curve of known 

concentration of MB versus absorbance 

 The Specific surface area was calculated using 

the equation [17]: 

            SMB=(Ng×aMB×N×10
-20

)/M        (2) 

 Where SMB is the specific surface area in 10
-

3
km

2
/kg, Ng is the amount of methylene blue 

adsorbed at the monolayer of  sorbent in mg/g, aMB is 

the occupied surface area of one molecule of 

methylene blue =197.2Å
2
 , N is the Avogadro’s 

number 6.02 × 10
23

mol
-1

; and M is the molecular 

weight of methylene blue which is 373.9 g/mol. 

 

Results and Discussion 
 

 The results of the proximate content and metal 

analysis of the PKS, CS and SD samples are shown 

in Tables 1 and 2 respectively. The moisture contents 

of the biomasses were less than 10 %. It is desirable 

that the water content be as low as possible. During 

burning, water evaporates taking some heat in the 

form of latent heat of evaporation, thus lowering the 

effective calorific value of the biomass [18].  The ash 

contents of the three samples were relatively low and 

approximately equal to 2 %, which is an indication of 

low inorganic content. This is an advantage for the 

three agricultural waste as potential materials for the 

production of activated carbon. High values of ash 

will lead to a decrease in the quantity of fixed carbon 

[19].  The volatile contents of the raw materials were 

relatively high which may be desirable especially in 

the control of the manufacturing process. Precursors 

which contain a greater amount of volatile substances 

are envisaged to develop more pores during 

carbonization at high temperature, as the volatiles 

constituents are released. 

 PKS has the highest percentage crude fiber 

which may be due to the hardness of its shell. The 

crude fiber contents of the samples are indication of 

good yields of activated carbons from them. This was 

also confirmed by their carbohydrates and dry matter 

contents. 

 The analysis of the metal contents of the PKS, 

CS and SD revealed that the concentrations were 

below the toxicity level. Active carbons from the 

three biomasses will pose no threat with respect to 

bioaccumulation and bioconcentration of metals in 

the environment. 

 The pH is important in regulating numerous 

purposes to which activated carbon is applied. The 

pH of the three biomass ranged from 6.3 - 6.9 which 

is close to neutral. Consequently, active carbon from 

these biomasses are safe to use as they pose no 

problem of being too acidic or basic when used. The 

conductivity ranges between 151-231 µS. SD has the 

highest conductivity while PKS has the lowest. The 

higher conductivity values of the biomass may 

enhance the capacity of their active carbons to adsorb 

dyes, wastewater and heavy metals when utilized for 

such purposes. 

 

Carbon yield: 

 The results of the carbon yield were summarized 

in Figure 1. Generally, there was a decrease in the 

yield as the temperature was increased. The 

carbonization of saw dust sample was carried out 

between 400 and 500
o
C. The carbonization was 

limited to 500
o
C because over and above this 

temperature, the materials disintegrate and the 

amount of burn off increases rapidly such that the 

yield became ridiculously low as shown from Figure 

1a to Figure 1b. At 400
o
C for instance, the yield of 

saw dust sample was 70.0 %, 70.3 % and 47.2 % for 

the 1:1 reagent: carbon ratios for K2CO3 and ZnCl2 

and 20 % H3PO4 activated samples respectively. 

However, the values became 28.3 %, 28.0 % and 

29.0 %, representing a loss of about 59.7 %, 60.2 % 

and 57.6 % respectively. The PKS and the CS 

samples were carbonized at 500
 
and 600

o
C without 

significant loss in the carbon yields (Figure 1c-f) 

unlike the SD samples. The reason may be attributed 

to the relative hardness of the PKS and CS samples 

compared to the SD sample. Besides the SD sample 

contained relatively higher volatiles and lower fixed 

carbon than the PKS and the CS samples as shown in 

Table 1. It was observed that the yield of the 1:2 

reagent: carbon ratio was slightly higher than that of 

1:1 for the K2CO3 and ZnCl2 activated SD at 400
o
C. 

The reverse was the case at 500
o
C for the K2CO3 and 

ZnCl2 activated SD, CS and PKS samples. With 

respect to the raw materials, the CS and PKS samples 

gave the highest yield irrespective of the temperature 

used and the activating chemicals. The reagent: 

carbon ratio has little or no influence on their carbon 

yield. The H3PO4 activated carbons showed greater 

porosity and surface area as indicated by the IAN 

than the K2CO3 and ZnCl2 activated carbons. The 

yield of activated carbon from PKS ranged from 61.7 

to 78.3 % and that of CS ranged from 66.7 to 75.6 % 

at 600
o
C. These values were slightly higher than 

46.33 % for PKS and 39.30 to 40.67 % for CS 

reported in the literature, although at a higher 

temperature than 600
o
C [21, 22].  

 

 

 

 

Table 1: Proximate and Organogenic elemental analysis of PKS,CS, and SD. 
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PKS CS SD 

Proximate (%) 
  

Moisture content 8.89 8.93 9.18 

Ash content 1.95 2.16 1.78 

Crude fibre 39.54 33.89 36.28 

Crude fat 1.23 1.11 0.39 

Crude Protein 2.49 2.37 1.74 

Volatiles 79.12 78.38 82.14 

Carbohydrate 54.79 60.47 59.81 

Dry Matter 91.11 91.07 90.82 

Fixed Carbon 19.85 21.04 14.98 

Organogenics 
   

S 0.03 0.01 0 

C 49.95 44.21 47.34 

O 43.33 42.96 45.26 

H 5.65 5.52 5.84 

N 0.4 0.38 0.28 

 

Table 2 : The result of metal analysis for PKS, CS, and SD. 

Element PKS (mg/L) CS(mg/L) SD(mg/L) 

Ca 5.58 3.03 32.4 

Mg 38.8 0.731 49.7 

Fe 3.34 17.9 2.20 

K 17.0 13.2 37.7 

Na 3.54 9.21 3.82 

Cu 0.131 0.105 0.044 

Zn 0.674 0.558 0.675 

Mn 0.11 0.11 0.16 

Cd - - - 

Cr - - - 

 

 

Table 3 shows that the bulk densities of the biomass 

followed the order:  PKS > CS > SD. The rate of 

volatilization during activation depends on the bulk 

density which affects the hardness, strength and 

porosity of the activated carbon produced [20]. 

Furthermore, low bulk density enhance the trapping 

of impurities inside porous structure of the active 

carbon [19].The result of this study indicated that 

volatilization will be lowest in SD (0.142gcm
3
 ) and 

highest in PKS (0.722gcm
3
). The reverse will be the 

case for the trapping of impurities. 

 
Table 3: Bulk densities, Conductivities and pH of PKS, CS and SD. 

Samples pH Conductivity(µS) Bulk Density(gcm-3) 

PKS 6.9 151 0.722 

CS 6.6 179 0.653 

SD 6.3 231 0.142 

 

Iodine Adsorption Number: 

 Iodine adsorption number, IAN, is frequently 

employed as a measure of the micro porosity of 

active carbon and as an indicator of the total surface 

area [23, 24]. The results of the IAN for the three 

samples are depicted in Figure 2. Apart from the 

K2CO3 activated SD samples, there was a general 

increase in IAN values as the carbonization 

temperature was increased from 400 to 500
o
C for the 

SD carbons (Figure 2a to b) and from 500
o
C to 

600
o
C for the PKS (Figure 2c to d)and CS carbons 

(Figure 2e to f). This was because micropores 

increase with temperature [25]. Furthermore, the 

IAN also increases with increase in reagent: carbon 

ratios of K2CO3 and ZnCl2 activated carbons and a 

decrease in the percentage concentration of H3PO4. 

In all, the SD gave the highest IAN (546.51 mg/g) 

followed by the CS (311.8 mg/g), while the PKS had 

the least (248.12 mg/g) at 500
o
C. The H3PO4 

activated carbons showed greater porosity and 

surface area for all the samples as indicated by the 

IAN than the K2CO3 and ZnCl2 activated carbons.  

The exceptional ability of the H3PO4 has been 

attributed to its influence on the porosity 

development in the carbon giving rise to a more 

heterogeneous pore distribution that increases the 

surface area and opens a way into the inner pores of 

the carbon [26]. The IAN, except for the K2CO3 

activated SD, increases with increase in 

carbonization temperature for the samples 

irrespective of the activation reagent and the reagent 

carbon ratio. The IAN for the 1:1 reagent: carbon 

activated sample was relatively higher than the value 

obtained for the 1:2 reagent: carbon activated 

counterpart. It was observed that the H3PO4 activated 

PKS, CS and SD carbons showed greater porosity 

and surface area as indicated by the IAN than the 

K2CO3 and ZnCl2 activated carbons. Generally, the 

iodine adsorption values obtained in this study was 

rather lower than those reported from the literature 

[21, 22, 27]. 
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Fig. 1: Carbon yields from (a) SD at 400
o
C, (b) SD at 500

o
C, (c) PKS at 500

o
C, (d) PKS at 600

o
C, (e) CS at 

500
o
C and (f) CS at 600

o
C [IR 1 and  IR 2 is impregnation ratio 1:1 and 1:2]. 

 

Methylene blue adsorption: 

 Tables 4, 5 and 6 showed the sorption capacity, 

qe, the specific surface area SMB and the percentage 

adsorption efficiency, % AE, of the SD, PKS and CS 

samples respectively. The specific surface area in 10
-

3
 km

2
/kg has a direct proportionality to the sorption 

efficiency (% AE) as shown in the Tables 4-6. The 

methylene blue adsorption gives an estimate of the 

specific surface area of the carbon. The results 

revealed that SD carbon exhibited the highest surface 

area (10.26 – 15.82 10
-3

 km
2
/kg; Table 4), followed 

by the PKS (3.93 and 15.40 10
-3

 km
2
/kg; Table 5) 

and CS (3.43 – 15.74 10
-3

 km
2
/kg; Table 6). Samples 

treated with H3PO4 gave the highest SMB values, 

majority of which remains relatively constant with 

increase in temperature but decreases with 

percentage increase in H3PO4 content. The SMB 

values of the K2CO3 activated carbons decreases with 

increase in temperature for the three raw materials 

while majority of the ZnCl2 treated carbons increases 

with temperature. A large portion of the ZnCl2 and 

K2CO3 treated samples have surface areas that 

increase with a decrease in reagent: carbon ratio from 

1:1 to 1:2.  

 

 
 

Fig. 2: Iodine Adsorption Number, IAN, from (a) SD at 400
o
C, (b) SD at 500

o
C, (c) PKS at 500

o
C, (d) PKS at 

600
o
C, (e) CS at 500

o
C and (f) CS at 600

o
C [IR 1 and  IR 2 is impregnation ratio 1:1 and 1:2]. 

 

Table 4: Sorption capacity (qe), Surface areas (SMB) and Adsorption Efficiency (% AE) of active carbons obtained from Saw Dust (SD). 

B

0

)) 
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Temperature 
oC 

Activating agent 
Impregnation 

Ratio 
qe (mg/g) 

SMB (10-3 

km2/kg) 
% AE 

400oC ZnCl2 1:1 4.59 14.59 91.88 

 
 

1:2 4.96 15.75 99.17 

500oC ZnCl2 1:1 4.93 15.66 98.66 

 
 

1:2 3.96 12.56 79.14 

400oC H3PO4 20 % 4.98 15.81 99.57 

 
 

30 % 4.97 15.79 99.49 

500oC H3PO4 20 % 4.98 15.82 99.64 

 
 

30 % 4.96 15.74 99.14 

 
     

400oC K2CO3 1:1 4.71 14.95 94.14 

 
 

1:2 4.72 14.98 94.37 

500oC K2CO3 1:1 3.23 10.26 64.60 

 
 

1:2 3.51 11.13 70.13 

 

Table 5: Sorption capacity (qe), Surface areas (SMB) and Adsorption Efficiency (% AE) of active carbons obtained from Palm Kernel Shell  

(PKS).  

TemperatureoC Activating agent Impregnation Ratio qe (mg/g) 
SMB (10-3 
km2/kg) 

% AE 

500oC ZnCl2 1:1 1.25 3.93 24.78 

 
 

1:2 1.24 3.95 24.87 

600oC ZnCl2 1:1 3.73 11.85 74.66 

 
 

1:2 4.52 14.35 90.37 

500oC H3PO4 20 % 4.85 15.38 96.89 

 
 

30 % 4.75 15.09 95.05 

600oC H3PO4 20 % 4.85 15.40 97.00 

 
 

30 % 4.36 13.86 87.29 

500oC K2CO3 1:1 2.12 6.74 42.43 

 
 

1:2 3.62 11.49 72.36 

600oC K2CO3 1:1 1.41 4.47 28.13 

 
 

1:2 1.57 4.99 31.42 

 

Table 6: Sorption capacity (qe), Surface areas (SMB) and Adsorption Efficiency (% AE) of active carbons obtained from Coconut Shell (CS). 

Activating agent Impregnation Ratio qe (mg/g) SMB (10-3 km2/kg) %AE 

ZnCl2 1:1 1.08 3.43 21.59 

 
1:2 1.30 4.14 26.06 

ZnCl2 1:1 2.18 6.90 43.49 

 
1:2 2.16 6.87 43.28 

H3PO4 20 % 4.87 15.47 97.46 

 
30 % 4.63 14.69 92.52 

H3PO4 20 % 4.96 15.74 99.16 

 
30 % 4.95 15.70 98.95 

K2CO3 1:1 2.12 6.67 42.04 

 
1:2 1.41 4.49 28.27 

K2CO3 1:1 1.25 3.98 25.07 

 
1:2 1.40 4.45 28.00 

 

Conclusions: 

 Activated carbons can be economically prepared 

from palm kernel shells (PKS), coconut shells (CS), 

and sawdust (SD). The characterization studies of the 

different varieties of activated carbon produced 

reveals that carbons obtained from all the biomass 

used can be assessed as superior grade activated 

carbons. All the biomass exhibited encouraging 

properties and high adsorptive capacity, and could be 

of prime importance for use as high grade activated 

carbon for several industrial applications. With 

respect to the raw materials, the CS and PKS samples 

gave the highest yield irrespective of the temperature 

used and the activating chemicals. The reagent: 

carbon ratio has little or no influence on their carbon 

yield. The H3PO4 activated carbons showed greater 

porosity and surface area as indicated by the IAN 

than the K2CO3 and ZnCl2 activated carbons. Highest 

methylene blue adsorption was estimated for SD 

impregnated with 20% H3PO4 
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