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The contamination of surface and groundwater with phosphate originating from industrial, agricultural and 
household wastewater remains a serious environmental issue in low-income countries. Currently, 
demolished concrete is mainly recycled as aggregate for reconstruction and conventional wastewater 
treatment systems for removing phosphate are expensive and complex. In this study, we were aiming at 
testing crushed concrete as an efficient adsorbent for the removal of phosphate from aqueous solutions, 
obtained from the demolition of construction site. It can reduce pollution and landfill disposal by converting 
construction waste into valuable products and an alternative solution for phosphate removal. Batch 
adsorption experiments were conducted using phosphate solutions to examine the adsorption kinetic as well 
as equilibrium conditions. Results show that the phosphate adsorption of all absorbents follows the 
adsorption isotherms with a varying phosphate concentration from 3 mg/L to 18 mg/L, and the adsorption 
isotherms data are fitted well by Langmuir equation as compared with the Freundlich isotherm. The 
maximum phosphate adsorption (97.67 %) was obtained at a contact time of 120 min, an initial phosphate 
concentration of 10 mg/L, and a solution pH of 4. The pseudo second-order equation describes the 
experimental data has good agreement, with a correlation value of R2 = 0.99. The results obtained indicate 
that the environmentally available crushed concrete have a good adsorptive capacity for phosphate and shall 
be considered in future studies as test materials for phosphate removal from water in technical-scale 
experiment. 
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1. INTRODUCTION

Excessive phosphate discharge from manure, sludge sources, and 

chemical fertilizer applied to agricultural soils to runoff is the prominent 

source of water quality deterioration and nutrient enrichment. Heavily 

phosphate-laden waters impose hazardous risk to aquatic ecosystems 

(Tabbara, 2003). Municipal and industrial wastewaters are the main point 

sources for phosphate while run-off from agriculture is the dominant non- 

point source. Studies indicate that 4 to 15 mg/L phosphate may be 

contained in municipal wastewater, whereas effluent from chemical 

industries such as detergent manufacturing and metal coating processes 

may contain 14 to 25 mg/L phosphate (Arshadi et al., 2018). 

According to the tolerable phosphate level in waters should not exceed 

0.05 mg/L to maintain an ecologically sustainable status (Yadav et al., 

2015). In such a case, to lower the phosphate loading in wastewater and 

runoff especially if local circumstances do not allow for advanced 

techniques such as membrane filtration became a challenge to local 

scientists and engineers. 

The elimination of phosphate from water can be achieved via many 

processes, such as biological process, chemical precipitation, and 

adsorption methods (Tao et al., 2020; Lalley et al., 2016). In comparison, 

biological processes and chemical precipitation are expensive and result 

in a large amount of waste sludge to dispose of, involving high operating 

costs (Choi et al., 2014; Han et al., 2017). Therefore, it is of great interest 

to develop reliable technologies that utilize viable adsorbents to remove 

excess phosphate from water. It has been reported that due to its ease of 

application, economic feasibility, and high efficiency among the mentioned 

methods, adsorption is the most efficient process for the removal of 

phosphate from water (Acelas et al., 2014; Saki et al., 2019). 

Studies on P-laden wastewater treatments have revealed adsorption to be 

a highly effective and easy method among the physicochemical treatment 

processes if materials are carefully chosen (Alemayehu et al., 2009; 

Mehrabi et al., 2016). Some of these adsorbents are nanoscale zerovalent 

iron (NZVI), rice husk and fruit juice, acid-activated red mud, granulated 

coal ash, aleppo pine, zirconium(IV) loaded fibrous, still slag produced, 

bone charcoal, Lanthanum hydroxide materials, aluminum sludge, 

modified multi-walled carbon nanotube with chitosan, manganese-laden 
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bio-char, marble waste, chitosan composited beads derived from crude oil 

refinery waste, iron-coated diatomite, halloysite nanotubes, and industrial 

solid waste bio-char (Tor and Cengeloglu, 2006; Asaoka and Yamamoto, 

2010; Benyoucef and Amrani, 2011; Awual et al., 2011; Meyer et al., 2012; 

Ghaneian et al., 2014; Xie et al., 2014; Nawar et al., 2015; Huang et al., 

2018; Jiang et al., 2018; Bouamra et al., 2018; Cui et al., 2019; Lyngsie et 

al., 2019; Qiu and Duan, 2019). 

The properties of concrete that make it a good filter material is its high 

calcium content as calcium silicates and calcite and a porous surface 

At the end of equilibrium time (24 h), the mixtures were filtered through 

0.50 mm nylon mesh and the concentration of residual phosphate at 

equilibrium time was determined by the photometric method 

(Molybdenum blue method) and a spectrophotometer (Specord 40, 

Analytik Jena AG, Jena, Germany) at 850 nm (Murphy and Riley, 1962). 

Each experiment was conducted triplicate to check the repeatability of the 

experimental data, and data represent the mean value of the individual 

results. The amount of phosphate adsorbed at time t and the adsorbed 

amount qt were calculated from the mass balance equation: 

structure. Reference describes the main mechanism of phosphate 

elimination as the release of calcium from tobermorite, a predominant 
𝑞𝑡 = (𝑐𝑜 − 𝑐𝑡) ∗ 

𝑉
 
𝑀 

(1) 

calcium silicate hydrate in concrete, followed by the formation of 

hydroxyapatite (Berg et al., 2005). Hence, the type of concrete can 

determine its efficiency. Reference shows field-scale tests using 5 different 

types of crushed concretes (Sønderup et al., 2014). The highest sorption 

capacity is shown by gas concrete (19 mg P/g) and the lowest is shown by 

classic concrete (5.1 mg P/g). 

However, no information is available on the adsorptive interactions 

between phosphate in the aqueous system and crushed concrete. 

Therefore, the objectives of this study were: (1) to examine the 

characteristics of the crushed concrete, (2) to investigate the phosphate 

sorption capacity of crushed concrete under a batch adsorption setup, (3) 

to determine kinetics of the adsorption reaction onto crushed concrete, 

and (4) to predict the adsorption process by using isotherm models. 

2. MATERIALS AND METHODS

2.1 Adsorbent Preparation and Characterization 

Waste concrete was collected from a demolition construction site and the 

concrete waste was crushed using crushing machines (Concrete Crusher 

A35399). Next, the aggregates were sieved to obtain the desired sizes 

ranging between 5 mm to 30 mm (British Standard sieve BS410/1986) 

using a shaker (Endecotts Lombard Rd. London, model SW193BR, 

England). Crushed concrete samples in the range of sizes of 5 to 20 mm 

were accepted for use as adsorbents for the batch study. They are washed 

twice with distilled water to remove any contaminations, and then oven- 

dried at 105 OC for 24 h and stored in air-tight containers until the test. 

Crushed concrete was scanned by an infinite focus microscope (Alicona). 

An infinite focus microscope can quantitatively measure surface texture or 

deviations in a surface character. Physico–chemical properties such as 

organic matter, moisture content, electrical conductivity and pH zero point 

of charges (pHzpc) were also measured according to (Penn et al., 2018). 

2.2 Reagents Used and Adsorbate Preparation 

All chemicals used in this experiments for preparing phosphate solutions 

and for analyzing adsorbed phosphate, such as KH2PO4, C6H8O6, 

(NH4)6Mo7O24·4H2O, (SbO)K(C4H4O6)·1/2H2O, H2SO4 were analytical 

reagent grade chemicals from Carl Roth (Karlsruhe, Germany). The 

varying concentrations of phosphate solution for adsorption experiments 

were prepared by diluting the stock solution (1000 mg L−1 phosphate). 

A stock solution of potassium dihydrogen phosphate, KH2PO4 with a 

concentration of 1000 mg/L PO43− and 99.9% purity, was diluted to a 

working solution with concentrations of 1 mg/L PO43− to 100 mg/L PO43− 

in 1000 mL of de-ionized water then labeled as ‘phosphate solution or 

working solution’ and stored in a tightly closed plastic bottle in a cool place 

(4 °C) until the experiments were commenced. 

2.3 Batch Adsorption Studies 

Measured concentration of the desired Phosphate ion prepared from the 

stock solution was place in 1000 ml of volumetric flask to make 100 ml of 

solution. The pH of the adsorbate solution was calibrated by buffer 

solution (pH =7 and 9) and adjusted to the desired value by adding 0.1M 

H2SO4 and NaOH solution and measured by a micro-processor pH meter 

model 210. The batch experiment was conducted by agitating of each 

adsorbent with 100 mL of phosphate solution of known concentration 

ranging from 1 mg L−1 to 100 mg L−1 in plastic acid-washed 

polypropylene bottles. The batch containers were shaken using a 

horizontal shaker at desired shaking speed to homogenize the samples 

and to accelerate the adsorption at a temperature of 22 ± 1 OC. 

Where, C0 is the initial concentration of phosphate in contact with crushed 

concrete, Ct is the mass concentration of phosphate in the aqueous phase 

at time t and qt is the amount of adsorbed phosphate per unit mass of 

crushed concrete (mg kg−1), M is dry mass of the adsorbent (kg), and V the 

volume of solution (L). 

2.4 Data analysis and Presentation 

2.4.1 Adsorption Kinetics 

In order to investigate the adsorption kinetics, pseudo-first order and 
pseudo-second-order and intra-particle diffusion models were applied for 

the estimation of rate constants (Ajmal et al., 2006). 

Pseudo-first-order expression was employed as in Equation (2): 

(2) 

Where, K1 is the first-order rate constant of adsorption (min−1); qe (mg/g) 

and, qt (mg/g) are the amount of phosphate adsorbed at equilibrium and 

at time t respectively. The values of K1 and qe can be obtained from the 

slope and the intercept of a linear straight-line plot of log (qe − qt) versus 

t. 

The pseudo second-order equation can be written as shown in Equation 

(3): (Peleka and Deliyanni, 2009). 

(3) 

And integrating provided the linear pseudo-second order expression as 
Equation (4): 

(4) 

Where, qe (mg/g) and qt (mg/g) are the amount of phosphate adsorbed at 

equilibrium and time t respectively; x = K2qe2 and K2 is the rate constant 

of the pseudo second-order model (g/mgmin). The value of x and qe can be 

obtained from the linear t/qt vs. t plot. 

The intra-particle diffusion equation can be expressed as shown in 
Equation (5). 

(5) 

Where, qt is the amount of phosphate adsorbed at time t, Kid (mg·g −1 

·min−1/2) is the intra-particle diffusion rate constant obtained from the 

slope of the plot qt vs. t0.5, and C (mg·g −1) is the intercept of the plot, often 

referred to as the thickness of the boundary layer and obtained from the 

intercept of the plot (Chen et al., 2013). 

2.4.2 Adsorption Isotherm 

Various models can be employed to characterize the adsorption behavior 

of a given compound analyzing experimental data. Adsorption isotherms 

relate the adsorbed amount of phosphate to the equilibrium solution 

concentration at a constant temperature. These relations are also named 

‘quantity-intensity-relations’. Freundlich and Langmuir isotherms are the 
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most frequently used models to analyze experimental observations. These 

two non- linear isotherm models (Equations (6) and (7)) were applied to 

obtain the adsorption isotherm constants. 

Langmuir equation: (6) 

Freundlich equation: (7) 

Where, qe (mg/g) is the specific amount of adsorbate (phosphate), and Ce 

(mg/L) is the adsorbate concentration in the liquid phase at equilibrium. 

The constants KL (L/mg) and qmax (mg/g) of the Langmuir isotherm are 

indicative of adsorption energy and adsorption density respectively. KF

and n (dimensionless) are Freundlich constants and indicate the total 

adsorption capacity and intensity of adsorption respectively. 

The Langmuir equation is also used to obtain RL, the separation factor, 

from the following expression:  in which Co (mg/L) is the 

initial concentration of phosphate in the solution. If 0 < RL < 1 then a 
favorable adsorption situation can be assumed, while RL > 1 indicates an 
unfavorable adsorption, and RL = 1 and RL = 0 indicate a linear and 

irreversible adsorption isotherm respectively. The model equations were 
fitted to the experimental data using the Microsoft Excel solver function. 

3. RESULTS AND DISCUSSION

3.1 Adsorbents Characterization 

Figure 1 shows crushed concrete has a crude surface, which indicates 

more adsorption sites. The specific surface area of crushed concrete was 

also identified as 35 m2/m3. The crushed concrete was examined by EDS 

(ED3000) and composed of 56 % oxygen, 18 % Si, 10 % Carbon, 10 % Ca, 

2 % Al, 2 % K, and 1 % Mg. 

Figure 1: Crushed concrete scanning by infinite focused microscope 

3.2 Effects of contact time 

Designing an appropriate batch adsorption experiment is very important 

to get the rate at which the adsorption takes place, and the adsorption 

process’ time dependence was described by varying the contact time 

between the adsorbates and the adsorbents’ surface. Adsorption 

experiment was conducted to observe the effect contact time on removal 

efficiency crushed concrete. The removal efficiency of Phosphate at 

contact time interval of 20, 40, 60, 80, 100 and 120 minutes was carried 

out and found to be 95.31 %, 95.31 %, 97.28 %, 98.22 %, 98. 54 % and 

99.42 % respectively. As it is well described in Figure 2, the percentage 

removal increased from 95.31 % to 99.42 % from 20 to 120 minutes of 

contact time. 

The effect of contact time on phosphate removal by crushed concrete is 

presented in Figure 2. The phosphate capture on the surface of adsorbent 

was very rapid in the first 80 min, and equilibrium was attained after 120 

min contact time. Increasing the contact time increased the uptake of 

phosphate, indicating the high affinity of phosphate to bare surfaces and a 

fast filling of active sites due to boundary layer diffusion. It can be 

observed from Figure 2 that the adsorption process had a rapid and a slow 

component. The rapid adsorption (up to 80 min) was based on the 

availability of active sites and a high phosphate concentration in the 

solution at the early stages of the experiment. The following slow 

adsorption is due to intra-particle diffusion and an according phosphate 

mass transfer onto crushed concrete. A similar finding has been reported 

in the literature (Du et al., 2017). The adsorption rate of the adsorbent 

usually increases rapidly during the initial reaction time and then slowly 

reaches equilibrium (Ghaedi et al., 2011). Previous researches reported 

that the phosphate capture on the surface of leftover coal was very rapid 

in the first 200 min, and equilibrium was attained after 720 min contact 

time (Mekonnen et al., 2020). This is attributed to a large amount of 

mesopores available for adsorption at the first contact time. 

Figure 2: Effect of contact time on phosphate removal 

3.3 Adsorption Kinetics 

Commonly used three kinetic models, pseudo-first, pseudo-second-order 

models and inter-particle were employed to fit the experimental data. 

Optimized model parameter values are presented in Table 1. The 

equilibrium capacity as obtained from the fitting procedure employing the 

pseudo second-order model (qe) very well represented the measured 

value. The pseudo second-order model best represents the experimental 

data (R2 = 0.99; Figure 3b), which can be taken as an indicator that 

chemisorption was the dominant process (Witek-krowiak et al., 2011; Pan 

et al., 2019). This would imply that the cause of phosphate adsorption onto 

the crushed concrete involves valency forces through sharing or 

exchanging electrons between sorbate and sorbent (Bhakat et al., 2006). 

Thus, the kinetics of phosphate adsorption on pumice was well described 

by the pseudo-second- order equation that indicates the rate-limiting step 

could be surface chemical adsorption involving valence forces through the 

sharing or exchange of electrons between adsorbent and adsorbate 

(Robati, 2013). Similar results were reported for phosphate removal from 

wastewater using palm fibers (Phoenix dactylifera L.) (Riahi et al., 2017). 

Table 1: Calculated values of parameters for pseudo-first order, 
pseudo-second order, and the intra-particle diffusion kinetics model 

for phosphate adsorption onto crushed concrete 

Kinetic Model Parameters Crushed Concrete 

Pseudo-first-order qe (mg/g) 0.123 

K1 (min-1) -0.0033

R2 0.96 

Pseudo-second-order qe (mg/g) 0.485 

K2 (g.mg-1,min-1 178.59 

R2 0.99 

Intra-particle diffusion Kid (mg.mg-1.min-1/2 0.0135 

C 9.5875 

R2 0.93 

Intra-particle diffusion is also responsive to the diffusion mechanism of 

the adsorbate in the solution. If the plots for the intra-particle diffusion qt 

vs. t0.5 of Equation (5) for crushed concrete is leaner and pass through the 

origin, then the intra-particle diffusion model is the sole rate-limiting step; 

otherwise, an adsorptive process other than intra-particle diffusion can 

occur (Ahn et al., 2009). In our case, the linear plot of qt vs. t0.5 (Figure 5) 

did not pass through the origin but was linear in some points. Therefore, 

this validates that intra-particle diffusion was not the only rate-limiting 

step, and non-diffusive reaction also occurred between the phosphate ion 

and crushed concrete. 

Effect of contact time 
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(b) 

It is also evident from Figure 4 that maximum optimum removal of 99.7 % 

was taking place at adsorbent dose of 0.275 g for which the sharp break in 

the curve of sorbent doses was reaching the optimal dose at 0.275 g, 

showing the trade-off between removal percentage and capacity of 

crushed concrete dose. Sorbent dose in excess of this value has a limited 

effect on the removal of additional phosphate ion from adsorption system 

or little to increase adsorptive capacity of sorbent material under the 

study. The KD values for phosphate adsorption onto pumice, which 

determined at pH 7, increased with an increase in adsorbent dose, 

indicating the heterogeneity of the surface of pumice (Rahdar et al., 2019). 

Increasing the dose of sorbent increased the total removal of P by 

increasing the availability of sorption sites. Similar trends have been also 

reported by other authors (Burianek et al., 2014; Molle et al., 2003). 

3.4 Effect of Initial Concentration 

The variation in phosphate removal by crushed concrete as a function of 

the initial phosphate concentration is presented in Figure 5 in the 

supplementary material. It was noticed that the percent removal of 

phosphate decreased (from 98.97 % to 96.7 %) with an increase in initial 

phosphate concentration (from 3 to 18 mg·L −1). This is because the 

resistance to the up-taking of the adsorbate onto the adsorbents’ surfaces 

is higher, and the active site for adsorption gets saturated at higher 

concentrations. In contrast, phosphate removal capacity, qe, increased 

with increasing the initial phosphate concentration due to the higher 

driving forces provided by the higher initial concentrations, which were 

able to resist the mass transfer between the solid surface and aqueous 

solution, which enables the adsorbate to remain on the surface of the 

adsorbents (Lin et al., 2018). 

Figure 3: Kinetic of phosphate adsorption process: (a) Pseudo first 

order, (b) Pseudo second order and (c) Inter-particle diffusion 

3.3 Effect of Adsorbent Dose 

The effect of adsorbent dose on the phosphate removal onto crushed 

concrete was investigated in the range of 75 – 275 mg and the result was 

presented in Figure 4. The percent of phosphate removal increased (from 

91.6 % to 99.7 %) with the increase of the dose of crushed concrete (from 

75 to 275 mg). On the other side, the mass uptake per unit adsorbent (q, 

mg/g) was decreasing (from 18.33 mg/g to 3.99 mg/g) with increasing the 

dose of crushed concrete from 75 to 275 mg, which can be related to the 

higher abundance of sorption sites. 

Figure 4: Effect of adsorbent dose on the removal efficiency of phosphate 

Figure 5: Effect of initial concentration on the removal efficiency of 
phosphate 

As tried to describe in Figure 5 above, the maximum removal efficiency of 

98.97 % was obtained at lower initial phosphate ion concentration of 3 

mg/l and the maximum adsorption density was observed at higher 

phosphate concentration of 18 mg/l., found an exponential tendency: 

increasing initial concentration correlates with a higher sorption of 

Phosphate, as this interaction is stronger with increasing initial 

concentration. This is in line with previous equilibrium adsorption 

capacity experiments, which suggest that higher solute concentrations 

could encourage other mechanisms such as greater boundary 

concentrations which in turn lead to double layer adsorption and complex 

formation (Cucarella and Renman, 2009). 

3.5 Effect of pH 

The effect of pH on phosphate adsorption onto crushed concrete for this 

study is presented in Figure 6 in supplementary data. The percentage of 

phosphate removed from the aqueous solution decreased (from 98.68 % 

to 98.5 %) as the pH of the solution increased from 4 to 9 indicating that 

the adsorption of phosphate is likely to be based on physical interactions 

between the surfaces of the adsorbents and adsorbate. Previous studies 

indicate that the amount of Ca2+ions leaching from the adsorbent 

decreases with an increase in pH value of the initial solution (Gan et al., 

2009; Yin et al., 2011). At the lower pH range adsorption increases at sites 

with a variable charge (e.g., – COOH, –NH3) because of increasing 

protonation. At high pH values, the competition with OH ions increases, 

and phosphate adsorption decreases. Similar reports confirm that 

phosphate removal is less efficient under alkaline conditions (Bui et al., 

2018; Huang et al., 2014). 
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Figure 6: Effect of pH on the removal efficiency of phosphate 

3.6 Effect of stirring speed 

The effect of the stirring speed of the sorbent/sorbate system in phosphate 

adsorption was studied at 50,100, 150, 200, 250 and 300 rpm for 120 

minutes of contact time, 0.100 g of crushed concrete in 100 ml of the 

solution containing 10 mg/l of phosphate at pH 3 at temperature 250C. As 

it is well described below, in the Figure 7, the percent adsorption increased 

from 95.09 %, 95.95 %, 96.34 %, 97.13 %, 97.88 % and 98.1 % with 
respective increase of shaking speed from 50 to 300 rpm. A maximum of 

98.1 % removal was achieved at 300 rpm. 

Figure 7: Effect of stirring speed on the removal efficiency of phosphate 

Phosphate adsorption onto pumice increased with increasing agitation 

speed, reaching a maximum of 94.6% ± 1.1% removal at 200 r/min 

(Yohannis et al., Taffere, 2020). The increase in the percentage of 

phosphate removal is due to the dispersal of the adsorbent particles in the 

aqueous solution, which leads to reduced boundary mass transfer 

resistance that increases the percent removal of phosphate (Baraka et al., 

2012). 

3.7 Adsorption Isotherm 

Analysis of the relationship between the adsorption capacity of the 

materials (Crushed Concrete) and different phosphate concentrations at 

equilibrium was performed using the equations of Langmuir (Equation 

(6)) and Freundlich (Equation (7)). The Freundlich model assumes that 

Figure 8: Adsorptive isotherm of phosphate on crushed concrete 

Table 2: Adsorption isotherm parameters for the adsorption of 
phosphate onto crushed concrete 

Isotherm Freundlich Langmuir 

Param 
eters 

KF 

((mg·g−1) 
(mg·L−1)) 
1/n)−1 

1/n 
nF R2 

KL 
(l/mg-1) 

RL R2 
qmax 
(mg/g) 

Value 2.65 0.147 6.8 0.935 1.35 
0.039- 
0.198 0.978 28.5 

The n-value of the Freundlich isotherm lies between 1 and 10, which is a 

good indicator for favourable adsorption (Pengthamkeerati et al., 2008). 

From the results obtained in Table 2, RL values for the Langmuir and 1/n 

values for the Freundlich isotherms were less than unity, and this 

elucidates that the adsorption of phosphate onto crushed concrete is 

favourable. Furthermore, the value of 1/n, which was obtained from the 

slope of the linear plot of logqe vs. logCe of the Freundlich isotherm, was 

below unity implying that chemisorption is the governing process (Foo 

and Hameed, 2010). The separation factor, RL as obtained from the 

Langmuir isotherm model was lower than unity, which likewise indicating 

to a favourable adsorption process (Zhou et al., 2019). 

4. CONCLUSIONS

The study was used, cost-effective, demolished of construction material, 

and easily accessible crushed concrete to recover phosphate from aqueous 

solution. Design parameters such as initial phosphate concentration, 

initial solution pH, adsorbent dose, and contact time were optimized to 

obtain the highest possible removal. Adsorption of phosphate was highly 

pH dependent and the study results showed that the removal efficiency 

increased with deceasing the adsorbate and pH; and increasing the 

adsorbent dose, contact time and Stirring speed. The adsorption kinetics 

for phosphate removal could be well described by the pseudo-second- 

adsorption occurs on a heterogeneous surface through multilayer 

adsorption, and the adsorbed amount increases with increasing 

equilibrium concentrations. In opposite, the Langmuir model assumes an 

asymptotic approach to monolayer surface coverage. The isotherm plots 

of the equilibrium adsorption of phosphate are graphically presented in 

Figure 8, and the parameters values derived from the isotherm models and 

the parameters of determination are demonstrated in Table 2. It was 

found that among the tested materials, adsorption onto the granular form 

of crushed concrete was more pronounced than onto powder form. From 

the obtained optimization procedure it became evident that the Langmuir 

isotherm equation (R2 = 0.978) described the system better than the 

Freundlich isotherm equation (R2 = 0.935). 

order equation with a correlation value of R2 = 0.99 which revealed that, 

chemisorption was the dominant process. The Langmuir and Dubinin 

Radushkevich isotherms better described the adsorption process than 

Freundlich the isotherm model. The Langmuir RL value satisfied the 

condition 0< RL<1 and confirmed the favorability of adsorption process. 

Similarly, Freundlich isotherms adsorption constant value 1/n obtained to 

be 0.147 in the range of 0 and 1and reflected favorable adsorption. 

Besides, the isotherm adsorption constant, n = 6.8 (greater than 1 unity) 

and is an indicative chemisorptions. 
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