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ABSTRACT 

This work was carried out to prepare and characterize adsorbents from clay and coconut shell. 

Two clay samples, uncalcinated activated clay (UAC) and calcinated activated clay (CAC), and one 

coconut shell sample, activated coconut shell carbon (ACC), were prepared. One of the clay samples 

was simply oven-dried at 105 °C while the other was calcined at 600 °C and the coconut shell was 

carbonised in a muffle furnace. The three samples were chemically activated to obtain ACC, UAC and 

CAC needed for the characterisation. The physicochemical and adsorptive properties were investigated 

for the adsorbents. The adsorbents were also characterized by FTIR (to identify the bonding present), 

BET (to obtain the specific surface areas and pore volumes and sizes) and SEM (to study the surface 

morphologies) of the adsorbents. CAC was found to have the highest value cation exchange capacity 

(CEC) of 2.114. This means it retained more cations on the particle surfaces and hence could be better 

adsorbent for cationic pollutants. The presence of O-H vibration peaks in the FTIR spectra of both CAC 

and UAC samples indicated that the calcination or activation process did not affect the hydrogen 

bonding. The SEM analysis shows that interconnected granular micro-porosity was observed in the 

activated carbon sample, favoring their effectiveness as catalysts. From the BET analysis, CAC has the 

highest specific surface area, 235.5 g/m2, which shows it could have the best adsorption capacity. It can 

also be deduced from the pore diameters that the three adsorbents prepared are mesoporous. The three 

samples showed good adsorptive properties, hence can be used to remove liquid or gaseous pollutants. 
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1.  INTRODUCTION 

 

Increased human activities consequent upon the rapid rise in human population and 

industrial revolution has increased both water and air pollution. Globally, uncontaminated water 

for our drinking and for other household uses is getting insufficient, due to its rise in demand 

and due to the natural or human pollution of the water bodies [1]. Enormous volumes of 

wastewater which contain heavy metals, such as Cu, As, Cd, Cr, Pb, Zn and Ni etc) are 

discharged into our water bodies by industries, (for example, photographic film production, 

petroleum refining, wood processing units, electroplating, paint, dyes, pigments, textile, 

tannery, leather) which in turn, enter into our food chains resulting in cancer, mutagenesis and 

many other adverse effects [2-5]. These heavy metals do not decompose like other organic 

pollutants, hence, it is challenging to remedy their contamination [6]. There are many accepted 

techniques used in the water treatment, for example, membrane filtration, oxidation, adsorption, 

coagulation/flocculation, chemical precipitation, electrochemical reaction, electrodialysis, 

reverse osmosis, biological treatment and ion-exchange [7]. These techniques have drawbacks, 

for example, being expensive in operating, low effectiveness and for small scale industries, it 

is difficult in managing too much sludge generated [8]. Adsorption is a proven excellent method 

among the others for removing heavy metals from contaminated water because it is more 

effective than the other methods outlined above [9]. Some of the conventional adsorbents used 

for the removal of pollutants from air and water include: zeolites, silica gel, activated alumina 

etc. However, these could be costly and environmentally unfriendly. 

The search for low-cost, effective and eco-friendly adsorbents, for industrial applications, 

removal of water pollutants and greenhouse gases arising from increased anthropogenic 

activities, has continued. Adsorbents have applications in many processes which include getting 

rid of colour, such as, from sugar syrup during the commercial production of sugar and also to 

remove odours and tastes from potable water, vegetable oils, fats and alcoholic beverages [10-

12]. Clay is one of the natural adsorbents we have, though it needs slight modification to 

improve its adsorption capacity. An adsorbent can also be synthesized from agricultural wastes 

such as coconut shells, groundnut shells, palm kernel shells and animal wastes. Generally, clay 

is composed of aluminum phyllosilicates, as well as variable amounts of other cations, i.e. iron, 

potassium, sodium, calcium, magnesium, zinc, etc [13]. Clay exhibits excellent adsorbent 

properties due to its large specific surface area, chemical and mechanical stability, layered 

structure, high cation exchange capacity CEC and so on [14]. The cation exchange capacity 

(CEC) shows the number of cations that can be retained on the clay and consequently, the 

number of pollutant cations that can be exchanged for the original cations in the neutral 

compounds. Presence of metallic ions in the cationic exchange sites can accommodate water, 

solvating the ions hence making clay unsuitable for the adsorption of organic molecules [15]. 

Modification with an amine-containing compound is therefore necessary to accommodate the 

adsorption of organic pollutants.  

Just like clay, agricultural wastes can be modified to obtain low-cost and ecofriendly 

adsorbents. Agricultural wastes, such as coconut shells can be converted into carbon or a carbon 

containing residue through pyrolysis [16]. This carbon can be activated using either 

physical/thermal activation or chemical activation. The latter involves the use of activating 

agents such as phosphoric acid or zinc chloride while the former involves the use of air/water 

vapour at high temperature [17]. Though the two methods of activation could yield good 

adsorbents, chemical activation was used in this work. 
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The good thing about the two potential adsorbents under consideration is that both are 

readily available, cheap and eco-friendly. This work compares the physicochemical and 

adsorptive properties of clay and coconut shell adsorbents. The adsorption capacity and porosity 

of each was equally investigated using Fourier Transform Infrared Spectroscopy (FTIR), 

Scanning Electron Microscopy (SEM) and Brunauer-Emmett-Teller (BET) analyses.  

 

 

2.  MATERIALS AND METHODS 

2. 1. Materials 

Bentonite clay, coconut shell 

Reagents: H3PO4, H2SO4, distilled water 

Equipment:  

(a) FTIR: SHIMADZU Model 

(b) The Scanning Electron Microscope (SEM) – Phenom Prox model, manufactured by phenom 

World Eindhoven, Netherlands 

(c) BET analysis-quantachrome Nova4200e model made in USA 

(d) Others: sieve, oven, muffle furnace, watch glass, water bath shaker, stop watch, pulverizer. 

 

2. 2. Source of potential adsorbents 

Bentonite clay was collected from Nando in Anambra state, South-East of Nigeria. While 

coconut shell was collected from coconut sellers in Awka  Anambra state, South- East of 

Nigeria. 

 

2. 3. Preparation of uncalcinated activated clay (UAC) 

The method adopted here is similar to the one used by Nwosu et al, [18] but with slight 

modifications. The bentonite clay was initially crushed or pulverized and then sieved (granular 

form) through a 0.3 mm mesh size to remove all the debris. It was further rinsed with water and 

oven-dried at 105 °C until all the moisture has evaporated. Then a known amount of the sample 

(50g) was added to 100 ml of 2 M, H2SO4 to produce acid-activated bentonite. The mixture was 

shaken vigorously using a shaker water bath for 2 hrs at 30 °C. It was washed with distilled 

water in order to remove the excess acid until the filtrate became almost neutral then, it was 

placed in a watch glass and oven-dried at 80 °C for 3hrs. 

 

2. 4. Preparation of calcinated activated clay (CAC) 

The method adopted here is similar to the one used by Tegin and Saka [19], but with 

slight modifications. The collected bentonite clay was initially crushed or pulverized and then 

sieved (granular form) through a 0.3mm. The clay sample was calcinated in a muffle furnace at 

a temperature of 600 °C for 2hrs. Then the calcinated clay sample was cooled to room 

temperature. The dried clay sample was activated using 1M of H3PO4 in the ratio 1:1 (acid/clay) 

in a 500 ml for 2hrs at 30 °C. It was then washed with distilled water in order to remove the 

excess acid until effluent filtrate became neutral (pH of 6-7) and was oven dried at 80 °C for 3 

hrs.  
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2. 5. Preparation of activated coconut shell carbon (ACC)  

The method adopted here is similar to the one used by Buah and Kuma [20], but with 

slight modifications. The collected coconut shell was immersed in water for 1 h and followed 

by well-scrubbed using a sponge and sun-dried for 3h. Afterward, the dry shell was split into 

smaller parts, about 10mm, using a hammer and was further dried in an oven for 5 h at 105 ºC. 

The shell was then ground and sieved through 1mm mesh size. The shell particles were put in 

an oven for 30 min at 30 ºC. The sieved coconut shell precursor was carbonized in a muffle 

furnace at a temperature of 900 °C for 31/2hrs and allowed to cool. The carbonized coconut shell 

was crushed and sieved through a mesh size of 1 mm. The crushed sample was impregnated in 

a 0.5M of H3PO4 solution for 2 hrs at activation weight ratio of 3:1 activator to precursor. The 

impregnated sample was then washed with distilled water several times to obtain activated 

carbon of almost neutral pH (6.5-7.0) and subsequently dried in an electric oven, at 80 °C for 2 

h. Finally, the sample was stored in a tightly closed container. 
 

2. 6. Characterization of the adsorbents 

The methods used here are similar to the one adopted in AOAC [21].  
 

2. 6. 1. Moisture content determination 

Procedure 

• A petri-dish was washed and dried in the oven 

• Exactly 2g of the sample was weighed into petri dish 

• The weight of the petri dish and sample was noted before drying 

• The petridish and sample were put in the oven for another 30 minutes and the weight 

was noted 

• The drying procedure was continued until a constant weight was obtained. 

The loss in weight represents the moisture content of the sample and was calculated using 

the formula: 
 

% 𝑚𝑜𝑖𝑠𝑡𝑢𝑟𝑒 𝑐𝑜𝑛𝑡𝑒𝑛𝑡 =   
𝑊1 − 𝑊2

𝑊𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑠𝑎𝑚𝑝𝑙𝑒
 × 100 

 

where: W1 = weight of petri dish and sample before drying, W2 = weight of petri dish and 

sample after drying. 
 

2. 6. 2. Bulk density determination 

Procedure: 

• Weigh 20 ml capacity graduated measuring cylinder 

• Gently fill the cylinder with the sample 

• Tap gently the bottom of the cylinder on the laboratory bench several times until there 

is no further diminution of the sample level after filling to the 25 ml mark. 

The formula used is given as: 
 

𝐵𝑢𝑙𝑘 𝑑𝑒𝑛𝑠𝑖𝑡𝑦 =  
𝑊𝑐

𝑉𝑐
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where: Wc is the weight of the adsorbent, Vc is the volume of cylinder packed with the adsorbent 

 

2. 6. 3. Particle density determination 

The weight of 20 ml the sample was obtained as W(g). The particle density was obtained 

using the formula: 

 

𝑃𝑎𝑟𝑡𝑖𝑐𝑙𝑒 𝑑𝑒𝑛𝑠𝑖𝑡𝑦 =
𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑠𝑎𝑚𝑝𝑙𝑒 

𝑣𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝑆𝑎𝑚𝑝𝑙𝑒 
 =  

𝑊(𝑔)

𝑉 (𝑚𝑙)
 

  

2. 6. 4. Determination of pH 

Procedure 

10% w/v of the soil was prepared by dissolving 10g of soil in 100 ml of water.  

• The electrodes were rinsed with distilled water and blot dry.  

• The pH electrodes was then rinsed in a small beaker containing distilled water. 

• Sufficient amount of the sample was poured into a small beaker to allow the tips of the 

electrodes to be immersed to a depth of about 2 cm. The electrode was at least 1cm away 

from the sides and bottom of the beaker. 

• The temperature adjustment dial was adjusted accordingly. 

• The pH meter was turn on and the pH of the soil sample recorded 

 

2. 6. 5. Determination of Cation Exchange Capacity (CEC) 

Use the formula below to calculate CEC (mol kg-1). 

 

𝐶𝐸𝐶 = 𝐶𝑎 + 𝑀𝑔 + 𝐾 
 

2. 6. 6. Determination of ash content 

Procedure 

Empty platinum crucible was washed, dried and the weight was noted. 2g of the sample 

was weighed into the platinum crucible and placed in a muffle furnace at 500 °C for 3 hours. 

The sample was cooled in a dessicator after burning and weighed. 

The ash content is obtained using: 

      

% 𝑎𝑠ℎ 𝑐𝑜𝑛𝑡𝑒𝑛𝑡 =
𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑎𝑠ℎ

𝑜𝑟𝑖𝑔𝑖𝑛𝑎𝑙 𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑠𝑎𝑚𝑝𝑙𝑒
 × 100% 

 

or 
 

  % 𝑎𝑠ℎ 𝑐𝑜𝑛𝑡𝑒𝑛𝑡 =  
𝑊3 − 𝑊1

𝑊2 − 𝑊1
 

  
where:  

W1 = weight of empty platinum crucible 

W2 = weight of platinum crucible and sample before burning 
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W3 = weight of platinum and ash. 

 

2. 6. 7. FTIR analysis 

0.5g of the sample was mixed with 0.5g of kbr powder after which 1ml of nujol (a solvent 

for preparation of sample by Buck 530 IR-spectrophotometer) was pipette into the sample with 

aid of a syringe to form a paste before introducing it into the instrument sample mould and 

allowed to scan at a wavelength of 600-4000 cm-1 to obtain its spectra heights.  

 

2. 6. 8. SEM Procedure 

The samples each are then labeled on their stub, then dried in the oven at 60 °C. Nitrogen 

line was used to purge the chamber, and then vacuum was created. Electros beam emitted from 

the filament lit excited atoms from surface of each sample emitting specific wavelengths of X-

Rays that are characteristic of the atomic structure of the elements. Appropriate elements are 

assigned, yielding the composition of the atoms on the specimen surface. The lowest scan mode 

of 10x is picked and the TV scanned. The magnification is then taken to higher values. This 

procedure is called The Scanning Electron Microscope (SEM) and is useful for analyzing the 

composition of the surface of a specimen. 

 

2. 6. 9. Procedure for BET analysis 

Insert a properly weighed sample cell bulb into the heating mantle and secure the sample 

cell in the preparation station. Initiate out gassing at 250 °C for 3 hrs and switch on the heater. 

When the sample has out gassed for 3 hours, turn off the heating, Allow the heating mantle and 

the sample cell cool. Once the heating mantle has cooled, unload the out gas station and remove 

the samples. Reweigh the sample cell to determine the post out gas sample weight. Fill dewar 

to the internal upper mark with liquid nitrogen, place the sample cell containing an out gassed 

and weighed sample into the analysis station to be used for analysis! Complete all the 

fields/selections on the start analysis „Sample” menu. Also complete point selection and 

tagging on the start Analysis „Points” menu! Complete fields on the start Analysis 

„Equilibrium” menu! Field defaults can be used for BET measurements! When all fields are 

completed on the start Analysis Menu, Click „Start” to begin the analysis. 

 

 

3.  RESULT / EXPERIMENTAL 

 

Table 1. Peak assignment of FTIR of the samples. 

 

Functional group 
CAC wavenumber 

(cm-1) 

UAC wavenumber 

(cm-1) 

ACC wavenumber  

(cm-1) 

NH2 in amines, amides 2450.415 
3505.139, 2518.771,  

1623.055 

3457.085, 3326.506, 

3056.593 

OH in Alcohols and 

Phenols 
 3270.59 3667.611 

OH in Carboxylicacids 3099.121   
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(a) 

C=O in carbonyl  1623.055  

N≡N in nitriles   2127.734 
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(c) 

 

Fig. 1. (a) FTIR of CAC, (b) FTIR of UAC, (c) FTIR of ACC. 
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                               (a)                                                                            (b) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(c) 

 

Fig. 2. (a) SEM micrograph of UAC, (b) SEM micrograph of CAC,  

(c) SEM micrograph of ACC 
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Table 2. Report on the BET analysis of ACC 
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Table 3. Report on the BET analysis of CAC 
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Table 4. Report on the BET analysis of ACC 
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Table 5. Summary of other physicochemical properties of the adsorbents 

 

S/N PROPERTIES CAC UAC ACC 

1. MOISTURE CONTENT (%) 4.681 6.259 3.232 

2. BULK DENSITY (g/ml) 1.776 1.774 1.519 

3. PORE DENSITY (g/ml) 0.145 0.154 0.060 

4. PARTICLE DENSITY (g/cm3) 1.520 1.500 1.428 

5. ASH CONTENT 2.928 3.00 2.683 

6. PH VALUE 7.18 8.20 5.65 

7 CATION EXCANE CAPACITY 2.114 1.337 1.612 

 

 

4.  DISCUSSIONS 

4. 1. Fourier Transform Infra Red Spectroscopy (FTIR) 

Table 1 above shows the functional groups that were detected in the UAC, CAC and ACC 

using IR at wavelength range of 600 nm to 4000 nm. There was a wide absorption peak between 

3600 and 3200 cm-1 in the clay samples which was caused by -OH stretching vibration peak of 

hydrogen-bond association and absorption peak of adsorption of water on the surface of the 

clays. The structure of the UAC, CAC and ACC were basically the same. The OH stretching 

vibration peak of hydrogen-bond association indicated that hydrogen bond structure of the clays 

was not damaged either by calcination or activation process. FTIR characterization indicated 

that the UAC and CAC have the macroscopic composition and microstructure of natural clay. 

That is, the products, the UAC, CAC and ACC have application value, which the process of 

calcinations and activation of resulted to. 

 

4. 2. Scanning Electron microscopy (SEM)  

Figure 2(a)-(c) shows scanning electron micrographs of the UAC, CAC and ACC 

samples, which were magnified 320x for fig(a) and 500x for (b) and (c) respectively. 

Comparison of the three micrographs shows that there was a significant difference between the 

morphologies of the UAC, CAC and ACC compositions. It can be observed (from the area in 

the red circle) that CAC shows presence of more obvious pores, meaning that the process of 

calcination cleared more pores of impurities than mere acid activation only.  Interconnected 

granular micro-porosity was observed in the samples, favoring their effectiveness when used 

as a catalyst. 

 

4. 3. Brunauer-Emmett-Teller (BET) Results 

According to the measured values of BET, Tables 2-4 above specify surface area, pore 

volume, and pore diameter of the activated, calcinated and uncalcinated clay samples were 

similar. Based on IUPAC classification on pores: micropore (< 2 nm), mesopore (2-50 nm), 
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macropore (> 50 nm), all the adsorbents are mesoporous nanoparticles since their pore 

diameters are each, slightly above 2.0 nm. Hence,  physisorption would take place in three more 

or less distinct stages: monolayer adsorption, multilayer adsorption and pore condensation. Also 

from table, it is observed that CAC has the highest specific surface area. This means that it 

would likely have the highest adsorption capacity. The larger the surface area is, the stronger 

the surface effect, such as surface activity, surface adsorption capacity, catalytic ability, and so 

on. So, this adsorbent could be used for different catalytic process. 

 

4. 4. Other physicochemical properties of the adsorbents  

It can be observed from Table 6 below that CAC has the maximum values of bulk density 

and CEC. This means it would make the best adsorbent among the three. While high bulk 

density results to higher storage capacity, high CEC in CAC would make it attract more anions 

and in turn more cations which are the components of the adsorbates/pollutants. 

 

Table 6. Summary of te BET results 

 

Sample 
Specific surface area 

(m2/g) 

Pore Volume 

(cc/g) 

Pore diameter/ size 

(nm) 

ACC 203.6 0.1226 2.138 

CAC 235.5 0.1321 2.128 

UAC 178.0 0.0907 2.105 

 

 

5.  CONCLUSIONS  

  

In this work, some adsorbents were prepared and characterised to assess how good 

adsorbents they could make. The FTIR revealed that the O-H bond was not affected by neither 

activation nor calcination processes. The SEM results showed that the modification of the 

adsorbents increased their porosity. However pores of the CAC are more prominent than others. 

The BET equally revealed that the three adsorbents are mesoporous, CAC has the highest 

specific surface area and pore volume which means that it would make the best adsorbent 

among the three considered. The results of the other physicochemical properties carried out are 

also in agreement with this. Comparing CAC and UAC it can also be concluded that a better 

adsorbent is obtained by activating with a weak acid in addition to calcination than activating 

with a strong acid without the calcination of the adsorbent.  
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