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Abstract 
 

The potency of Corncob Activated Carbon (CCAC) for the remediation of radon in groundwater via a pour-

through system was investigated. Corncob samples were carbonized (400-600 oC) and activated with H3PO4 for 

24 h. The surface chemistry and morphology of the CCACs were characterized using Fourier Transform Infrared 

(FTIR) and Scanning Electronic Microscopy (SEM). Groundwater samples containing Radon were treated with 

the CCACs developed through the adsorption technique in a cylindrical plastic Pour-Through Filter Bed System. 

The radon concentrations were analysed using Professional Electronic Radon Detector (RAD-7). The FTIR 

spectra analysis of CCACs obtained at 400 °C (CCAC400), 500 °C (CCAC500) and 600 °C (CCAC600) showed 

the presence of O-H, C-H, C=O, C-O, C-OH, C-Br, C=C and C-F functional groups on their surfaces, while the 

SEM images indicate the presence of large hollows on the CCAC samples. The Groundwater sample has a radon 

concentration of 20.06 Bq/L, pH (6.6), TDS (1.75 mS/cm), and EC (1269 ppm). The CCAC600 had the maximum 

reduction of> 85% at 60 mins and the adsorption data obtained fitted to pseudo-second-order kinetic model II and 

Webber-Morris diffusion model. Corncob exhibited potency as an effective biomass for the treatment of radon-

polluted wastewater via an adsorption treatment technique.  

 

 Keywords: Adsorption, Corncob, Diffusion, Kinetic, Pour-through. 

*Corresponding author.  
E-mail address: aoalade@latech.edu.ng   

 

mailto:aolaoye@lautech.edu.ng
mailto:monsuruodauda@gmail.com
mailto:aoalade@latech.edu.ng
mailto:aoalade@latech.edu.ng


R.A. Olaoye et al. / Arab. J. Chem. Environ. Res. 11(2) (2024) 110-136                                                                  111                                                                       

 

AJCER 

1. Introduction 

One of the main sources of exposure of humans to naturally occurring radiation is radon gas. Radon (Rn-

222) is a radioactive noble gas soluble in water, cannot be seen, smelled, or tasted and has a density that 

is 7.5 times higher than that of air. Radon gas comes from the natural decay series of Uranium-238 in 

the rocks and soil with a half-life of 4.5x109 years (Mustafa & Daniel, 2009). Uranium levels vary on 

Earth since certain types of rocks and soils such as granite, uranium-enriched phosphatic rocks, and 

shales, contain more uranium than others (Muikku et al., 2007). Uranium breaks down into Radium (Ra-

226) and radon is the decay product of radium. Radon comes in a variety of isotopes, but only Radon-

222 is of importance because the other isotopes have relatively short half-lives (Appleton, 2007). The 

half-life of radon-222 is 3.82 days and decays within hours to form short-lived radionuclides and other 

radioactive progeny with the release of alpha and beta emissions. The Molecular Weight, Boiling Point, 

Melting Point, Solubility in Water, Air Diffusion Coefficient and Water Diffusion Coefficient of radon 

are 222 gm/M, 211 K(-62oC), 202 K(-71oC, 230 cm3/L @ 20oC, 1.2X10-5 m2Sec-1 and 1.2 X 10-5 m2 Sec-

1, respectively (USEPA, 1999). The movement of Radon from its source in rocks and soil through voids 

and fractures results in its dissolution in groundwater.  

The potential hazard of radon gas at elevated concentrations in groundwater has been a global concern 

due to its devastating health effects. Ingestion of radon in water is associated with an increased risk of 

tumors of several internal organs, primarily the stomach (EPA, 1999; Arora et al., 2011). According to 

a National Academy of Science research, radon in drinking water causes around 168 cancer-related 

deaths each year, with roughly 89 percent of lung cancer caused by breathing radon emitted into the 

indoor air from water and 11 percent caused by swallowing radon-contaminated water. Globally 

groundwater is often the preferred source of water supply because of its reliability compared to surface 

water (Guppy et al., 2018) and it is a major source of water for drinking and other domestic purposes in 

most developing countries due to lack of access to water from the conventional water mains (Olaoye, et 

al., 2018; Danert & Healy, 2021; Olaoye, et al., 2021). It has been reported that radon activity in 

groundwater resources is heavily dependent on the area’s geology (Seminsky & Seminsky, 2016). The 

variation of radon concentration in groundwater is influenced by several factors such as the presence of 

shear zones, degree of metamorphism; basement complex with granite as the most extensive unit, soil 

porosity, uranium mineralization, infiltration of surface water into aquifer among others (Choubey, et 

al., 2001; Idriss, et al., 2011).  The concentration of radon in groundwater should be monitored and kept 

within the permissible level before consumption. 

Two days of water storage can reduce about 30% of the initial mass, due to radon's short half-life, and 

radioactivity of radon in water. However, in most developing countries with excessive radon in the 

groundwater, the water is consumed almost immediately without having to wait for half-life, this is 
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particularly the case in most study areas where radon is excessive in groundwater. Therefore, there is a 

need for an immediate low-cost and sustainable technique for the removal of radon in groundwater 

before consumption. 

Several technologies have been employed for the removal of radon in water. These techniques were 

broadly classified into aeration, granular activated carbon (GAC) and other simple combination 

techniques. However, most of these methods suffered from some drawbacks such as high capital and 

operational costs, regeneration costs, and residual disposal. The major drawback of aeration techniques 

is that they transmit radon pollution from water to air, thereby causing air contamination hazards and 

aeration is often not sufficient for removing radon from drinking water; it should be supported with the 

adsorption method (Ghernaout, 2019). Several studies have been carried out to determine the radon 

concentration in water. Lowry & Lowry 1988 in a study in the US on the need for a new approach and 

developments for the removal of radon emphasized the limitation of the aeration method for radon 

remediation.  

Idriss et al., (2011 conducted a study to measure and map radon concentration in different wells used 

for the water supply network of Khartoum State and reported that some of the wells had radon 

concentration values below the permissible EPA standard while some were above the permissible level. 

Alabdula’aly & Maghrawy, (2011) compared different granular activated carbons for the removal of 

medium-level radon in water and reported different removal efficiencies. Yusuf, (2019) assessed the 

radon exposure in hand-pumped groundwater in Ogbomoso and came up with radon concentrations 

between 11.74 and 209.87Bq/L which is above the permissible concentration level of 11.1 Bq/L set by 

USEPA 1999 and other regulatory bodies while Oni et al. 2016 conducted a study in Ado Ekiti, and 

revealed that the radon content in groundwater samples was higher than the USEPA's maximum level. 

(Amodu et al., 2020) investigated the radiological risk of radon in borehole water in Ede and its environs 

and concluded that hand-pumped wells in the study area pose a high radiological risk over time, requiring 

further investigation to ensure the safety of the local population. 

Site-specific studies are necessary to identify the most feasible, economical and efficient methods for 

the particular location where radon in groundwater is to be removed. Adsorption remains the most 

plausible and feasible alternative for the treatment of polluted water with radon (Sabino et al., 2016). 

Due to the high cost of conventional preparation (Rao et al., 2009) and the irreversible nature of 

adsorption, the usage of activated carbon is limited. Thus, a need for a low-cost adsorbent that will 

possess all the properties of synthetic activated carbon. Previous research on the use of agricultural 

leftovers, such as rice and wheat husks, has yielded promising results (Qui, et al., 2008; Rao, et al., 2009; 

Olaoye, et al., 2018; N’diaye et al., 2022), groundnut shells (Malik, et al., 2007) and corncob (Anih, 
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2020) as raw materials for activated carbon production showed satisfactory success. The adsorption 

process takes place when the radon molecules pass from the water to the surface of the GAC. Radon 

sorbs at the interface between the water and the carbon.   

The current study looks at the usage of activated carbon made from discarded corncob to reduce or 

eliminate radon from water. Corncobs are a significant source of solid waste in the agriculture sector. 

Every year, millions of tons of corncob are discarded into the environment, leading to solid waste 

nuisance and possible blockage of waterways, particularly after rain (Amuda, et al., 2014). Excellent 

sorption properties of activated carbon obtained from corncob for gas and liquid pollutants have been 

reported (Justyna, 2012). Corncob activated with phosphoric acid was reported to be more effective for 

dye wastewater treatment than corncob activated with potassium hydroxide and zinc chloride solutions. 

(Ezeh, et al., 2019) reported effective adsorption of cadmium II ions from aqueous solution using 

corncob-activated carbon while (Zhou, et al., 2018) observed higher pollutant removal efficiency for 

smaller particle-sized activated charcoal than for bigger size particles. In this study carbon from corncob 

was activated with phosphoric acid (H3PO4) to remediate radon from groundwater in an economic pour-

through filter system. Subjecting such agricultural material to high heat and pressure increases its surface 

area and activating it improves its ability to absorb polluting substances; both organic and dissolved 

gases from the groundwater. Pour-through systems are usually granular bed or candle filters for 

contaminant removal or reduction.  Water is poured into the units and goes through the filtering medium 

by gravity.  Sometimes a pump is used to increase the filtration rate. Pour-through models are 

inexpensive and the simplest type of activated carbon filter in which water is poured through the carbon 

and collected in a container (Dvorak & Skipton, 2013). 

 

2 Materials and methods 

2.1 Materials and reagents  

The main material used in this work is corncob which was bought from the Arada market 

(8°06’46.6’’N4°14’48.5’’E) in Ogbomoso in Oyo State. The reagents used include Sodium Hydroxide 

(NaOH), orthophosphoric acid (H3PO4), distilled water, plastic tray, foil paper and mesh cloth. All 

reagents used were of analytical grade and sourced from The Bioenvironmental, Water and Engineering 

Research Group (BWERG) Laboratory, in Chemical Engineering Department, Ladoke Akintola 

University of Technology, Nigeria.  

 

2.2 The Study Area and Sampling Location 

Ikoyi-Ile is found in Oriire Local Government Area of Oyo State, which was created in 1989 and has its 

administrative headquarters in the town of Ikoyi. It is bordered by Atiba, Olorunsogo and Surulere 
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LGAs. The LGA counts as one of the largest LGAs of the State both in areas and in population as shown 

in Figure 1. The study area resides on the African crystalline rocks, which are chiefly composed of meta-

sedimentary, igneous and meta-igneous rocks (Sunmonu, et al., 2012; Adagunodo, et al., 2013). The 

rocks of Ogbomoso are an integral part of the Proterozoic Schist belt (Sunmonu, et al., 2013), which 

developed towards the western half of Nigeria. The lithological units in Ogbomoso include granite-

gneiss, banded gneiss and quartzite. Augen and agmatitic gneisses are also present in the study area. The 

quartzite occurs as elongated ridges, which trends in NW-SE orientation. The quartzites are observed as 

Schistose, which dominates the southern region, while granite gneisses cover the northeastern region of 

the town (Adabanija et al., 2014). 

 

Figure 1: Map of Oyo State showing Oriire Local Government 

 

Seven source points were considered in the Ikoyi area of Orire local government. Water samples were 

taken from a hand-pumped well at the front of the palace (8014’58” N 4010’39” E), Ile Ojude (8014’42” 

N 4010’5” E), local government compound, Ile Olomoba, Omo Ola Aluminium, Health Centre (8014’42” 

N 4010’29” E) and Basic school (8014’42” N 4010’32” E). Basis school came out as the source with the 

highest radon concentration which is above the Maximum Contaminant Level (MCL) of 11.1Bq/L set 

by USEPA 1999 and other regulatory bodies (Table 2). 

 

2.3 Adsorbent preparation 

The corncob sample collected was washed thoroughly, to remove dirt from its surface and then sun-

dried before being crushed and ground with a grinder into granules. The sample was carbonized in the 



R.A. Olaoye et al. / Arab. J. Chem. Environ. Res. 11(2) (2024) 110-136                                                                  115                                                                       

 

AJCER 

Gollenkamp muffle furnace at 400, 500 and 600 °C for 1 h, separately. The carbonized samples were 

cooled in a desiccator to avoid the formation of ashes and then reweighed and labeled appropriately. The 

carbon yield from each was calculated by Eqn. 1 (Fapetu, 2000). The carbonized corncob was further 

ground and sieved into 1.0 mm, 2.0 mm and 2.8 mm for each carbonization temperature. The carbonized 

samples were activated with 0.3 M Orthophosphoric acid (H3PO4) at a ratio of 1:1 w:v of char to H3PO4 

solution. The mixture was agitated for 30 mins, covered with foil paper and left for 24 h after which it 

was filtered. The residue (activated corncob) was washed with distilled water and further neutralized 

with 0.1M NaOH to pH 6.9-7.1. The Corncob Activated Carbon (CCAC) developed was oven-dried at 

110 °C to constant moisture content and then kept in a closed and labeled container for the adsorption 

experiment: 

𝑌𝑐ℎ =
𝑊𝑐ℎ

𝑊𝑜
 𝑋 100    (1) 

where Wch =Weight of the carbon retrieved from the furnace, and Wo = Dried weight of the raw sample. 

 

2.3 Characterization of activated carbon 

The physicochemical and surface characterization of the CCAC developed were carried out to determine 

the properties of the activated carbon produced.  

 

2.3.1 Proximate Analysis 

2.3.1.1 Determination of moisture content 

The corncob sample (5 g) was oven-dried at 105 °C for 24 h and then cooled in a desiccator, to prevent 

any moisture uptake from the atmosphere and before reweighing. The percentage of moisture removed 

was evaluated using Eqn. 2 (Jeandson, Roberta, Marcio, & Dênia, 2018): 

Moisture content =
𝐴−𝐵

𝐴
 X 100%           (2) 

2.3.1.2 Determination of ash content 

The corncob sample (2.5 g) was ashed in a muffle furnace at 760 °C for 1.5 h and the resulting ash 

content was cooled in a desiccator before being reweighed. The amount of ash was deduced according 

to Eqn. 3 (Feng, Yang, & Chu, 2015):      

%𝐴𝑠ℎ =  
Weight of ash

Weight of original sample
𝑥 100  (3) 

 

2.3.1.3 Fixed carbon determination 

The fixed carbon (FC) content of the corncob sample was deduced from Eqn 4, based on the assumption 

that the sulphur content of the sample is negligible (Fapetu, 2000): 
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 FC = 
(𝐶𝑌−𝑀𝐶−𝑉𝐶−𝐴𝐶)

𝐶𝑌
 (%)    (4) 

where CY = carbon yield (%), MC = moisture content (%), VC = volatile content (%), and AC = Ash 

content (%).  

 

2.3.1.4 Crude fibre determination 

The corncob sample (20 g) was defatted with diethyl ether for 8 h and boiled under reflux for 30 mins 

with 200 ml of 1.25% H2SO4. The mixture was filtered and the residue was washed with boiling water 

to remove the acid content before being treated with 200 ml of 1.25% NaOH by boiling in a round-

bottom flask for 30 mins and then filtered. It was oven-dried at 105 oC, cooled in a desiccator, reweighed 

and then ashed in a muffle furnace at 600 oC for 2 h. It was cooled in a desiccator and reweighed, then 

the crude fibre content was determined from Eqn 5: 

% 𝐹𝑖𝑏𝑟𝑒 =
𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑓𝑖𝑏𝑟𝑒

𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑜𝑟𝑖𝑔𝑖𝑛𝑎𝑙 𝑠𝑎𝑚𝑝𝑙𝑒
 𝑋100  (5) 

2.3.2 Analytical characterization 

2.3.2.1 Surface characterization  

The Fourier Transform Infrared (FTIR) spectroscopic analysis of the raw and activated carbon samples 

produced was performed using BUCK FTIR ((M530 SPEC) to get information about the characteristic 

functional groups on the surfaces of the samples. The samples were prepared with 100 mg of KBr which 

was compressed into a thin pellet for 5 min and then placed in the sample holder. The spectra were 

measured from 4000 to 400 cm-1 and the appropriate reading was displayed on the screen and then copied 

(Okeowo et al., 2020).  

 

2.3.2.2 Morphology characterization  

The morphology characteristics of the raw and activated carbon samples produced were performed using 

Scanning Electron Microscope SEM (Aspex 3020 model, FEI, PSEM 2), based on the manufacturer’s 

protocol. 

 

2.4 Measurement of Radon in Groundwater Sample 

The water samples from the hand-pumped borehole from the study location were collected in a 

precleaned 25 litres black plastic container (PWS, 2019). Agitation of the sample was avoided to prevent 

losses of radon. The water was made to flow slowly and steadily into the sampling plastic through a 

hose, which allowed the container to be filled bottom-up, inside the bottle. The container was covered 

tightly to prevent leakage or spill during transportation to the laboratory. The desired analysis was carried 

out within 2 h of arrival at the laboratory.   
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The samples were assayed for radon using a calibrated portable electronic radon monitoring device 

(RAD 7, Durridge, USA) (Figure 2a) which is capable of measuring radon in water and soil. The RAD7 

is a sniffer that uses the 3-minute alpha decay of the radon daughter, without interference from other 

radiations and the instantaneous alpha decay of a thoron daughter. The device determines the radon 

concentration in water within 10 mins which is far lower than the half-life (3.82 days) of radon, hence 

the choice of this device.  

The radon detector was coupled with a bubbling kit to measure the radon concentration in water samples. 

WAT 250 protocol and grab mode were used for radon measurements in the water samples (Figure 2b). 

Initially, the inbuilt pump of RAD7 runs automatically for 5 mins to aerate the sample and deliver the 

degassed radon to the RAD7 measuring chamber. The pump then stops automatically and the system 

waits for another 5 mins interval to start counting, after which the data along with the respective bar 

charts and cumulative spectra of each sample are printed out on the printer attached to the instrument. 

  

(a) (b) 

Figure 2: (a) RAD7 Professional Electronic Radon Detector and (b) RAD7 setup for water sample 

testing 

Source: RAD7 Durridge Electronic Radon Detector User Manual 

 

2.5 Groundwater characterization 

The physicochemical parameters of the groundwater analysed were pH, Total Dissolved Solids (TDS) 

and Electrical Conductivity (EC) using an EC/TDS tester (Adwa AD31 waterproof EC/TDS Testers), 

according to the manufacturer specifications.  

 

2.6 Pour-through filter bed setup 

The Pour-through filter bed was made of a plastic container (18 and 16 cm, top and bottom diameter) 

having a mesh at the bottom (Bryant & Tettehh-Narh, 2015), and an outlet pipe, with an attached manual 
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flow meter at the bottom of the container. The container used was kept at 1.8 m elevation. The CCAC 

samples with sizes of 2.8 mm (75 g), 2.0 mm (75 g) and 1.0 mm (75 g) were packed in succession on 

top of one another. The groundwater sample (2000 ml) with elevated radon was released into the pour-

through filter bed and the container was covered with a tight lid to avoid exposure to the air. A 20 mins 

retention time was allowed before running the water at the flow rate of 1.5 mL/s and sampling was done 

at 10 mins intervals until 60 mins. The treated water samples were assessed for radon concentration and 

other water characteristics. The adsorption capacity and removal efficiency of the CCAC400, CCAC500 

and CCAC600 were determined according to Eqns 6 and 7 respectively, while the adsorption capacity(qt) 

for time was determined according to Eqn 8 for concentration (Ct) removed at each time: 

𝑞𝑡 =  
(𝐶𝑜−𝐶𝑡)

𝑚
 𝑉   (6) 

𝑅𝐸 =  
𝐶𝑜−𝐶𝑒

𝐶𝑜
 𝑋 100              (7) 

where Co = initial concentration of radon, Ct = concentration of radon after adsorption at time t, m = 

mass of CCAC used and V = volume of water in the pour-through filter bed. 

 

2.6 Adsorption Kinetics Studies 

The data obtained for time were used to evaluate the parameters of the selected adsorption kinetic 

models. 

 

2.6.1 Pseudo-first-order Kinetics 

The values of K1 and qe of the pseudo-first-order equation (Eqn 9) were calculated from the slope and 

the intercept of the plots of the log( 𝑞𝑒 − 𝑞𝑡) against t, respectively (Amole et al., 2021). 

log(𝑞𝑒 − 𝑞𝑡) = log 𝑞𝑒 −
𝐾1

2.303
𝑡     (9) 

where qe= amounts of the radon adsorbed (mg/g) at equilibrium, qt = amounts of the radon adsorbed 

(mg/g) at time t (min), respectively, and K1 = rate constant of adsorption (min-1).  

 

2.6.2 Pseudo second order kinetics 

The values of qe and K2 of the pseudo second-order kinetics equation (Eqns 10-14) were obtained from 

the slope and the intercept of the straight-line plots (Elmorsi et al., 2014). 

Model I  
1

𝑞𝑒−𝑞𝑡
=

1

𝑞𝑒
+ 𝑘2𝑡  (10) 

Model II 
𝑡

𝑞𝑡
=

1

𝐾2𝑞𝑒
2 +

1

𝑞𝑒
𝑡   (11) 

Model III 
1

𝑞𝑡
=

1

𝑞𝑒
+

1

𝑘2𝑞𝑒
2  

1

𝑡
  (12) 
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Model IV 𝑞𝑡  =
𝑞𝑡

𝑘2𝑞𝑒2
.

1

𝑡
+ 𝑞𝑒  (13) 

Model V 
𝑞𝑡

𝑡
= 𝑘2𝑞𝑒

2 − 𝑘2𝑞𝑒𝑞𝑡  (14) 

where K2 (g/mg/min) = pseudo second order kinetic parameter. 

 

2.6.3 Elovich model 

The Elovich kinetic model constants (𝛼 𝑎𝑛𝑑 𝛽) were evaluated from the linear curve of 𝑞𝑡 versus ln 𝑡 

(Eqn 15): 

𝑞𝑡 =
1

𝛽
ln(∝ 𝛽) +

1

𝛽
ln 𝑡    (15) 

where  𝛼 = initial adsorption rate in mg/g.min, 𝛽 = rate of surface coverage and the activation energy of 

adsorption. 

2.7 Error Analysis 

The sum of Square of the Errors (SSE), Sum of the Absolute Errors (SAE) is expressed and Average 

Relative Error (ARE) are expressed in Eqns 16-18 (Kundu & Gupta, 2006). 

𝑆𝑆𝐸 = ∑ (𝑞𝑒 𝑒𝑠𝑡 − 𝑞𝑒 𝑒𝑥𝑝)𝑖
2𝑛

𝑖=1  (16) 

𝑆𝐴𝐸 = ∑ |𝑞𝑒 𝑒𝑥𝑝 − 𝑞𝑒 𝑒𝑠𝑡|
𝑖

𝑛
𝑖=1   (17) 

𝐴𝑅𝐸 =
100

𝑛
 ∑ [

𝑞𝑒 𝑒𝑠𝑡−𝑞𝑒 𝑒𝑥𝑝

𝑞𝑒 𝑒𝑥𝑝
]

𝑖

𝑛
𝑖=1  (18) 

where, qe(estm) = estimated value of the equilibrium adsorbate solid concentration in the solid phase 

(mg/g), qe(exp) = experimental value of the equilibrium adsorbate solid concentration in the solid phase 

(mg/g) and n = number of the data point. 

 

2.8 Diffusion Models 

Adsorption processes could be either physically or chemically controlled, based on liquid film diffusion 

which involves the mass transfer rate process or intraparticle diffusion.  

 

2.8.1 Intra-particle diffusion (Webber-Morris) model 

The Webber-Morris is a rate-determining model (Eqn 19) and the intraparticle diffusion constants were 

evaluated from the plot of qt vs √t. 

𝑞𝑡 =  𝑘𝑖𝑑𝑡0.5 + 𝐶     (19) 

where Kid = the intraparticle diffusion rate constant (mg/min1/2), and C = the constant for the thickness 

of the boundary layer (mg/g). 
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2.8.2 Dumwald-Wagner diffusion model 

The Dumwald-Wagner diffusion is expressed in Eqn 20 and the plot of log(1-F2) vs t gave a linear plot 

from which the diffusion rate constant (K) was evaluated. 

log(1 − 𝐹2) =  − (
𝐾

2.303
) 𝑋 𝑡    (20) 

where F = 
𝑞𝑡

𝑞𝑒
, K = the diffusion rate constant (min-1), qt = the adsorption capacity (mg/g) at time t, qe = 

the adsorption capacity (mg/g) at equilibrium.  

 

2.8.3 McKay film diffusion mass transfer 

The McKay film diffusion (Eqn 21) relates mass transfer to film diffusion and it is represented as the 

plot of ln(1-F) against a linear plot in which the value for the rate constant of the process, 

ln (1 − 𝐹) =  −𝐾𝑚𝑡   (21) 

where Km (min-1), is the McKay film diffusion rate constant 

 

3. Results and Discussion 

3.1 Characteristics of Corncob Adsorbent Developed 

3.1.1 Proximate analysis 

The moisture content of the raw corncob was 6.1% which is lesser than the 6.5% obtained by (Igwegbe 

et al., 2021), but compared very well with 5.8 and 6.0% reported (Akuso, et al., 2019) and (Abubakar, 

et al., 2016), respectively. The ash content of 2.42 % obtained is slightly lower than 2.5 and 3.9 % 

reported by (Abubakar, et al., 2016) and (Akuso, et al., 2019), respectively. Ash content is related to the 

amount of volatile matter that can be released as the carbonization temperature increases. Less ash 

content of activated carbon facilitates higher adsorption capacity (Yang, et al., 2010). The crude fibre of 

15% obtained is similar to the value (14%) obtained by (Akuso, et al., 2019). The carbon yield of 27.85 

%, 26.16 % and 17.56 % was obtained for CCAC400, CCAC500 and CCAC600 respectively (Table 4). 

The carbon yield decreased as the carbonization temperature increased and this indicates that the more 

volatile components of the corncob were released at elevated temperatures.  

 

Table 4: Proximate analysis of raw corncob 

Property (wt. %) 
References 

Moisture content Ash content Crude fibre  

6.0 2.50 33.3 Abubakar et al., (2016) 

5.8 3.90 14.0 Akuso et al., (2019) 

6.1 2.42 15.0 This study 
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3.1.2 FTIR characteristics  

The FTIR spectra of corncob before carbonization and after activation at 400, 500 and 600 oC (Figures 

3a-d) and their comparable features of adsorption bands (Table 5) revealed the existence of different 

functional groups with disappearance, reduction, or broadening of the peaks after the acid activation 

process. The shifts in bands and changes in wavelength between the raw sample and the activated 

samples indicate that chemical transformation took place during the chemical activation and/or 

carbonization. The stretched bandwidth observed at 3417.91 cm-1 on the raw sample (Figure 3) was 

assigned to O-H stretching vibration of hydroxyl groups such as hydrogen bonding. The aliphatic C-H 

stretch was assigned to the band seen at 2919.87 cm-1. Carboxylic C=O stretching vibrations are 

attributed to lactone, ketone and carboxylic anhydride. The oxygen group C-O band at 1256.77 cm-1. C-

OH stretching, C-Br, and C-HC-O disappeared in the carbonized activated samples, and this shows a 

thermal instability of the functional groups. There were appearances of C=C and C-F stretching at the 

CCAC400 at 1597.22 and 1229.50 cm-1, respectively (Fig. 3b). Only C=C aromatic rings were retained 

on the CCAC500 and CCAC600 (Figure 3c-d). 

 

  

(a) (b) 

  

(c) (d) 

Figure 3: FTIR Spectra of (a) raw corncob as well as activated carbonized corncob at (b) 400 oC, (c) 

500 oC, and (d) 600 oC 
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Table 5: FTIR analysis 

Sample Frequency (cm-1) Functional group 

Raw Corncob 3417.91 O-H Stretching 

2919.87 C-H Stretching 

1731.16 C=O Stretching 

1256.77 C-O Stretching 

1046.02 C-OH Stretching 

605.48 C-Br Stretching 

CCAC400 3434.06 O-H Stretch 

1702.16 C=O Stretch 

1597.22 C=C Stretch 

1229.50 C-F Stretch 

CCAC500 1589.15 C=C Stretch 

876.59 C=C bending 

CCAC600 1575.91 C=C Stretch 

CCAC – Corncob Activated Carbon 

3.1.3 Morphology Characteristics 

SEM images of the best-activated carbon samples produced showed the surface texture with cavities and 

openings found on the surfaces which facilitate pore diffusion of adsorbate during the sorption process 

(Figure 4a-c). The CCAC500 has the widest cavity sizes, while CCAC400 had the smallest and this may 

be attributed to the effects of the activation and high carbonisation temperature which are responsible 

for the breaking down of the lignocellulosic materials and further volatilization of the embedded volatile 

compounds (Hu, et al., 2018). 
 

2.3 Physicochemical Characteristics of Water Samples 

The pH of the raw groundwater sample was 6.6 (Figure 5a) and this suggests that the groundwater 

samples are weakly acidic. However, the pH of the treated groundwater samples at each time is 6.5 

which is constant for all the three activated samples produced. This indicated about 1.5 % reduction, 

thus suggesting that the use of CCAC produced will not alter the pH of the groundwater sample 

adversely. Although, the pH of most drinking water lies within the range of 6.5-8.5 (WHO, 2008) (Table 

6). The initial TDS of the raw water sample was 1.75 mS/cm which increased to 1.99-2.27, 2.37-3.26 

and 2.11-2.24 ppm for CCAC400, CCAC500 and CCAC600, respectively, (Figure 5b) at a retention 

time range of 20-60 mins (Table 6).  This may be due to the desolation of some micro solutes in the 

activated carbon produced. 
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(a) (b) 

 

                                                             (c) 

Figure 4: SEM micrograph of (a) CCAC400, (b) CCAC500; (c) CCAC600 at magnification of X1000 
 

The EC observed for water treated with CCAC400, CCAC500 and CCAC600 increased rapidly with the 

increased retention time (Figure 5c). The highest (2000 mS/cm) and lowest (1214 mS/cm) EC were 

recorded at 60 mins for CCAC500 and 20 mins for CCAC500, respectively. The higher the concentration 

of the dissolved charged chemicals, such as salts, in the water, the greater the electrical current that can 

be conducted. The water standards are compared with the water samples used in this research (Table 6).  

 

2.4 Radon Concentration in water samples  

All the water sample sources tested (Table 7) had radon concentrations above the maximum contaminant 

level (0.1 Bq/L) given by SON, however, the sample from the Basic School had the highest radon 

concentration (31.60 Bq/L), which is above the maximum contaminant level (11.1 Bq/L) suggested by 

USEPA.  
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(a) (b) 

 

(c) 

Figure 5: (a) pH values, (b) Total dissolved solids and (c) Electrical conductivity of the raw and 

treated water sample 

 

Table 6: Water standards 

Samples Selected Physicochemical Characteristic 

 pH TDS (ppm) EC (mS/cm) 

Raw 6.6 1.75 1214 

CCAC400 Treated 6.5 1.99 1682 

CCAC500 Treated 6.5 2.37 2000 

CCAC600 Treated 6.5 2.11 1812 

WHO & SON 6.5-8.5 1000 500 
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Table 7: Radon Concentration in water samples in Ikoyi 

Sampling location Radon concentration (Bq/L) 

Palace 1.69 

Ile Ojude 1.09 

Orire LG secretariat 6.51 

Ile Olomoba 1.36 

Omo Ola aluminium 1.26 

Health Centre 6.33 

Basic School 31.60 

 

2.5 Effect of Carbonized Temperature and Contact Time on Adsorption of Radon 

The CCAC400, CCAC500 and CCAC600 reduced the radon concentrations in the water samples from 

20.06 to 5.15 Bq/L, 4.17 Bq/L and 6.54 Bq/L, respectively, within the time range 20-60 mins (Figure 

6a). This led to maximum Percentage Removal of 74.34, 79.23 and 85.56 %, respectively. Higher 

carbonization temperature led to higher Removal Efficiency; thus, it can be deduced that the activation 

temperature influences the effectiveness of the adsorbent produced. The adsorption capacity curve of 

the CCAC samples produced indicated rapid adsorption within the first 20 mins (Figure 6b) and this 

suggests the pores of the CCACs were rapidly filled within the period. The trend later became relatively 

constant, thus with the fewer available sites the force of attraction reduced and the radon rate of 

attachment to the surface reduced (Okeowo et al., 2020).  

 

  

(a) (b) 

Figure 6: (a) Removal efficiency and (b) Adsorption Capacity of CCAC 

 

2.6 Investigation of Kinetic Models 

The kinetic data obtained from this study was tested by the use of Pseudo-first order, Pseudo-second 

order kinetics and Elovich models respectively. 
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2.6.1 Pseudo-first-order kinetic model 

The plot of log (qe-qT) against time (t) (Figure 7a) was used to evaluate the Pseudo first-order kinetic 

model constants (K1 and qe) (Table 8). The Coefficient of Determination (R2) values of the plot exhibit 

the level of disparity in the data obtained from one another. The R2 obtained for CCAC400, CCAC500 

and CCAC600 were 0.7234, 0.6715 and 0.6945, respectively, and are low relatively (Amole et al.,2021). 

The estimated first order rate constant k1 value (0.0392 min-1) was higher for CCAC400 while CCAC500 

and CCAC600 have the same value of 0.0378 min-1. The qe calculated values are not close to the qe experimental 

as expected to ascertain the suitability of the model (Strkalj and Malina, 2011). Therefore, based on this, 

it can be suggested that pseudo-first-order kinetics is not a good fit for this study (Okeowo et al., 2020; 

Simonin et al., 2016).   

 

2.6.2  Pseudo-second order kinetic model 

The values of K2, qe calculated and R2 obtained from the plots (Figures 7b-f) of the five resolutions 

(models) of the pseudo-second-order kinetics models are stated in Table 8. The highest values of K2 

(0.5800, 1.6180 and 1.2610 g/mg.min) were obtained for CCAC400, CCAC500 and CCAC600 with 

Model I, Model II and Model II, respectively, while the lowest values of K2 (-0.4101, -5.4880 and -

1.4480 g/mg.min) were obtained with Model IV, for all. The qe calculated for CCAC400, CCAC500 and 

CCAC600 were 0.1970, 0.1925 and 0.2160 mg/g, respectively. These values are very close to the qe 

experimental (0.1889, 0.2013 and 0.2174 mg/g) and this further suggested the suitability of the Model II 

version of the pseudo-second-order kinetics models (Okeowo et al., 2019; Errich et al., 2021; Akartasse 

et al., 2022a & 2022b). The R2 (0.8450, 0.9705 and 0.9770) for Model II is relatively the highest. Models 

I, IV and V are not suitable due to the negative values reported for their K2. 

 

2.6.3 Elovich model 

The Elovich constants evaluated from the plot of lnqe against ln 𝑡  (Figure 7g) are listed in Table 8. 

Essentially, the R2 (0.8726, 0.5613 and 0.8295) obtained for the CCAC400, CCAC500 and CCAC600 

respectively, are lower than the R2 observed for the Model II version of the pseudo-second-order kinetics 

model, thus the Elovich is not as suitable as pseudo-second-order kinetics model. 
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(a) (b) 

  
(c) (d) 

  
(e) (f) 

 
(g) 

Figure 7: (a) pseudo-first-order kinetics plot of log(qe-qt) vs.  time (min) and well as Pseudo-second order (b) 

(Model I) plot of  
1

𝑞𝑒−𝑞𝑡
  against time, (c) (Model II) plot of t/q against time (min), (d) (Model III) plot of 1/qt 

against 1/t, (e) (Model V) plot of qt/t against qt (f) (Model IV) plot of qt against 
𝑞𝑡

𝑡
 and Elovich kinetic plot of lnqe 

vs. ln t.  
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Table 8: The fitting parameters of adsorption kinetics 

Model Parameters CCAC400 CCAC500 CCAC600 

 qe(cal) (mg/g) 0.1889 0.2013 0.2174 

Pseudo-first order K1 (min-1) 

qe (mg/g) 

R2 

0.0392 

0.6160 

0.7234 

0.0378 

0.6003 

0.6715 

0.0378 

0.6062 

0.6945 

Pseudo-second 

order (MOD I) 

K2 (g/(mg.min)) 

qe(mg/g) 

R2 

0.5800 

0.9718 

0.6462 

-0.4108 

0.0255 

0.6355 

-0.3038 

0.0249 

0.6242 

Pseudo-second 

order (MOD II) 

K2 (g/(mg.min)) 

qe (mg/g) 

R2 

0.4700 

0.1970 

0.8450 

1.6180 

0.1925 

0.9705 

1.2610 

0.2160 

0.9770 

Pseudo-second  

(MODIII) 

K2 (g/(mg.min)) 

qe (mg/g) 

R2 

0.0919 

0.2880 

0.8885 

1.0170 

0.1960 

0.4371 

0.3050 

0.2570 

0.8786 

Pseudo-second 

order (MODIV) 

K2 (g/(mg.min)) 

qe (mg/g) 

R2 

-0.4101 

0.2719 

0.5371 

-5.4880 

0.1958 

0.3183 

-1.4480 

0.2491 

0.7205 

Pseudo-second 

order (MOD V) 

K2 (g/(mg.min)) 

qe (mg/g) 

R2 

-0.0429 

0.3800 

0.5371 

-0.2730 

0.2450 

0.3183 

-0.2340 

0.2770 

0.7205 

Elovich  ∝ (g/(mg.min)) 

𝛽  (mg/g) 

R2 

0.3922 

12.516 

0.8726 

0.1840 

34.483 

0.5613 

0.0451 

20.833 

0.8295 
 

2.7  Error Analysis 

The Sum of the Square of The Errors (SSE), Sum of the Absolute Errors (SAE), and Average Relative 

Error (ARE) to find out the best-fit isotherm model for the experimental equilibrium data are presented 

in Table 9.  

Table 9: Error analysis 

Error 

analysis 

Adsorbent Kinetic Models 

PFO PSO I PSO II PSO III PSO IV PSO V 

  CCAC400 6.9327 17.094 0.0678 0.5119 0.4032 1.38184 

SSE CCAC500 4.5745 0.5404 0.0099 0.0137 0.0135 0.1312 

  CCAC600 4.3268 0.6829 0.0166 0.1116 0.0867 0.1884 
        

  CCAC400 2.633 4.1345 0.2605 0.7155 0.635 1.1755 

SAE CCAC500 2.1388 0.7351 0.0998 0.1173 0.1163 0.3623 

  CCAC600 2.0801 0.8263 0.1291 0.3341 0.2946 0.4341 
        

  CCAC400 502.02 607.08 43.337 109.54 97.834 176.48 

ARE CCAC500 500.64 85.118 12.34 14.382 14.266 42.978 

  CCAC600 501.17 86.74 15.026 36.86 32.653 47.51 
 

The SSE obtained for CCAC400, CCAC500 and CCAC600 are in the ranges 0.06787-17.09424, 

0.009965-4.57458, and 0.016669 where the minimum SSE was obtained at PSOII.  The SAE obtained 
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for CCAC400, CCAC500 and CCAC600 are in ranges 0.2605-4.1345, 0.0998-2.1388 and 0.1291-

2.0801, where PSOII had the lowest SAE error. The ARE obtained for CCAC400, CCAC500 and 

CCAC600 are in ranges 43.3371-607.08, 12.3404-500.64 and 15.026-501.17 where PSOII had the 

lowest ARE. The CCAC400 had the highest SSE, SAE and ARE at PSOI, while Pseudo second-order 

Model II had the lowest error for SSE, SAE and ARE. 

 

2.8 Diffusion mechanism models 

Intraparticle diffusion model (Webber Morris model), Dumwald-Wagner model and McKay film 

diffusion mass transfer were used in determining the diffusion mechanism of the biosorption process. 

The plots for the models are shown in Figures 8a-c.  

 

  

(a) (b) 

 

(c) 

Figure 8: (a) Intraparticle diffusion (Webber-Morris) model plot of qe against t0.5, (b) Dumwald-

Wagner diffusion model plot of log (1-F2) against time and (c) McKay film diffusion model plot of ln 

(1-F) against time 

The estimated Webber & Morris rate constant estimated from the plot (kid) is 0.0273, 0.0103 and 0.0159 

mg/g/min-1/2, while the external surface (A) is 0.024, 0.1082 and 0.0914 m2/g for CCAC400, CCAC500 

and CCAC600 respectively, (Table 10), while their R2 values are 0.9019, 0.6346 and 0.8068 respectively 
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with the highest value at CCAC400 while CCAC500 had the lowest value as against the trend repeated 

in Dumwald-Wagner and McKay. These values are in the same range (0.00483-0.137) as (Byungryul, 

2020) when he worked on the adsorption of Cu(II) and As(V). Webber & Morris had the highest R2 

values (0.9019, 0.6346 and 0.8068) compared with Dumwald-Wagner and McKay. The Dumwald-

Wagner plot did not give excellent R2 values (0.7158, 0.6377 and 0.6180) as much as the R2 values 

(0.7357, 0.6380 and 0.6173) for the McKay film diffusion mass transfer rate model. 

Table 10: The fitting parameters of Mass Transfer Models 

Model Parameters AC400 AC500 AC600 

Webber & Morris Ki (mg/g/min-1/2) 0.0273 0.0103 0.0159 

A (Intercept) 0.0240 0.1082 0.0914 

R2 0.9019 0.6346 0.8068 

Dumwald Wagner KDW (1/min) -0.0094 -

1.6247 

-1.6230 

R2 0.7158 0.6377 0.6180 

McKay KM (1/min) 0.0010 -

0.0128 

-0.0106 

R2 0.7357 0.6380 0.6173 

 

Conclusion 

This project attempts to identify and study activated corncob as an efficient and effective adsorbent for 

the removal of Radon from water and also to compare the carbonization temperatures of the corncob and 

retention time in the adsorption efficiency. These adsorbents pose advantages that are of economic value, 

generate zero waste and are eco-friendly as they utilise the waste by-products which is abundant in 

nature. FTIR spectra analysis for the corncob sample and activated carbon (AC) sample showed the 

presence of O-H, C-H, C=O, C-O, C-OH, C-Br, C=C and C-F functional groups which influence 

enhancement in adsorption abilities of activated carbon onto the adsorbent. SEM images of the 

CCAC400, CCAC500 and CCAC600 samples showed the surface texture and porosity with holes and 

small openings found on the surfaces which facilitate pore diffusion of adsorbate during adsorption.  

The reduction of Radon concentration at 74 %, 79 % and 86 % at 60 mins, based on the CCAC at 400 

oC, 500 oC and 600 oC, respectively, indicates that the activation temperature played a major role in the 

adsorption capacity. The higher the carbonized temperature, the higher the adsorption capacity of the 

corncob activated. It was also observed that the Pseudo-second order model II best describes the 

adsorption capacity of the corncob. The pseudo-second-order model II adsorption kinetics has shown to 
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be best fitted in describing the adsorption kinetics of the corncob as it had the lowest error. This indicates 

that the adsorption process is dominated by chemical adsorption. Webber-Morris diffusion model is the 

best fit for adsorption diffusion. This research identified activated corncob carbonized at 600°C as an 

efficient and effective adsorbent for the removal of Radon from water. The potency and effectiveness of 

CCAC as adsorbents for the remediation of radon concentration in groundwater have been established. 
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