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Abstract 

The cellulose fibers (CF) from the mango seed was used in the removal of 

BTEX from aqueous solution. The cellulose fibers were chemically modified 

with citric acid (CAMCF). The prepared adsorbent was characterized by using 

different instrumental techniques. FT-IR was used to detect the functional 

groups present in the adsorbent. TEM was used to find the surface 

morphology of the biosorbent in very tiny range. XRD was used to find the 

nature of the biosorbent weather it is crystalline or amorphous. Effect of 

various parameters such as solution pH, initial BTEX concentration, adsorbent 

dose, and contact time on the removal of BTEX was evaluated by batch 

adsorption experiments. Different concentrations of BTEX were used to obtain 

the isotherm profile and the adsorption data was best fitted with Langmuir 

isotherm model. Kinetic studies revealed that the adsorption data was followed 

the pseudo-second order rate model. The adsorption mechanism of BTEX on 

biosorbent is mainly attributed to the p–p electron-donor–acceptor interaction 

between the aromatic ring of BTEX and the surface carboxylic groups of 

biosorbent and electrostatic interactions. The results revealed that the cellulose 

fibers from mango seed (MS) are the potential adsorbent for the removal of 

BTEX from aqueous solutions.  
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1. INTRODUCTION 

In recent years rapid growing of industries has led to the creation and proliferation of 

synthetic organic chemicals and volatile organic compounds. These compounds 

contaminate the environment in an irregular manner. The most important source of 

contamination is the leakage of fuels such as petrol and diesel from the underground 

storage tanks. Once the gasoline leaked from the underground, it contaminates the 

ground water by migrating through soil and volatiles into the environment. The main 

constituent of Gasoline is a mixture of many volatile and semivolatile hydrocarbons, 

including benzene, toluene, ethyl benzene, and o-, m-, p-xylenes (BTEX) [1]. These 

compounds released into the environment by spills during the transport, storage, and 

disposal of oils and other petroleum products [2]. BTEX are flammable, toxic and 

carcinogenic substances. The presence of excessive amounts of BTEX may have an 

adverse impact on water quality and thus effect on public health [3]. Benzene is 

recognized as the most toxic member of BTEX and it has proven as carcinogenic 

substance than others [4]. The US Environmental Protection Agency (US EPA) has 

established a maximum contamination level of BTEX in drinking water of 5μgL−1 for 

benzene, 1000μgL−1 for toluene, 700μgL−1 for ethyl benzene and 10,000μgL−1 for 

total xylenes [5] BTEX have a tendency to accumulate in groundwater and extremely 

harmful to human health because they can show adverse effects even in small 

concentrations. Sometimes they damage central nervous system, respiratory system, 

genetic and excretory systems permanently due to their toxic effects [6, 7]. So that, it 

is clear that the contaminants (BTEX) should be removed before going to release into 

the environment. Some techniques that are used for removing the contaminants 

(BTEX) from water are advanced oxidation technologies [8], adsorption on activated 

carbon [9] and photochemical decomposition by ultraviolet radiation [10]. However, 

these processes are highly cost to operate and releases by products which are more 

toxic than the original contaminants. So that it is required to investigate economically 

cheap and efficient wastewater treatment methods for BTEX removal. Conventional 

adsorption method using different bio materials is widely used for the treatment of 

waste water before going to release in to the environment.  

In the present work, we have prepared cellulose fibers from economically cheap, 

easily available mango seed tegument which is an agricultural waste and it is 

chemically modified with citric acid (CAMCF). The application of CAMCF in the 

removal of BTEX from waste water was studied in a systematic manner. Mangifera 

indica belongs to the family ‘Anacardiaceae’ and can grow in the warm places of the 

world. It is a fleshy fruit containing more than 80% of water. The fruit mainly consists 

of carbohydrates, 60% of which are sugars and acids which gives the natural 

sweetness to the fruit. Mango seeds are major agricultural and industrial residues in 

India which consist of two parts, the tegument and the almond. The tegument contains 

large amounts of cellulose, hemicelluloses and lignin. The almond comprises starch, 
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cellulose, hemicelluloses, lignin and fatty acids [11].  

By the application of Citric acid modified cellulose fibers (CAMCF) as biosorbent, 

the biosorption influencing factors like solution pH, biosorbent dose, initial BTEX 

concentration and contact time on BTEX removal was investigated. The biosorption 

mechanism of BTEX onto CAMCF was evaluated in terms of kinetic parameters such 

as Lagergrens pseudo first order and pseudo second order models. The Langmuir, 

Freundlich models were used to analyze equilibrium isotherms. The experimental 

results proved that the CAMCF is better adsorbent in the removal of BTEX from 

waste water. 

 

2. MATERIALS AND METHODS: 

2.1. Biomass: 

2.1.1. Extraction of cellulose fibers from Mangifera indica seed: 

The mango (Mangifera indica) seeds were collected from mango tree fields nearer to 

Tirupati, Andhra Pradesh, India. The tegument from the seed was used in the 

preparation of adsorbent. The extraction process was carried out with the help of some 

procedures proposed by Mariana Alves Henrique et.al. [12], de Rodriguez et.al. [13]. 

The mango seeds (MS) were ground in a mill and the powder was treated four times 

with NaOH aqueous solution of 2% (w/w) for 4 h at 100oC under mechanical stirring 

and it was washed several times with distilled water until the alkali was removed. The 

fiber material was then dried at 40oC for 24 h in an air-circulating oven and bleached 

with a solution made up of equal parts (v:v) of acetate buffer (27 g of NaOH and 75 

ml of glacial acetic acid, diluted to 1 L of distilled water) and aqueous chlorite (1.7 

wt% NaClO2 in water). This bleaching treatment was performed twice at 80oC for 6 h. 

The bleached fibers were washed repeatedly in distilled water until the pH comes to 

neutral and dried at 40oC for 24 h. The purified fiber material was subjected to 

hydrolysis at 40oC for 10 min under constant stirring using 11.21 M H2SO4. For each 

gram of purified fiber material we used 20 ml of H2SO4.  Immediately following the 

hydrolysis, the suspension was diluted 10-fold with cold water to stop the hydrolysis 

reaction and centrifuged for 10 min at 7500 rpm to remove excess acid. The 

precipitate was then dialyzed with double distilled water for 4 days to remove non-

reactive sulfate groups, salts and soluble sugars until a neutral pH was reached. 

Subsequently, the resulting suspension of the dialysis process was ultra sonicated for 

10 min. The collected CF was stored in a refrigerator at 4oC and added some drops of 

chloroform as protectant. 

 

 



1340  K. Imran, K. Rama mohan, N. Sathish Kumar, B. Ramesh Naik, K. Seshaiah 

2.2. Chemicals and equipment 

Benzene, toluene, Ethyl benzene, Xylene (BTEX) of analytical grade (≥99%) supplied 

by sigma Aldrich were used for the preparation of standard solutions and working 

standards in the range of  5-200mg/L. Stock solutions were prepared by dissolving 

appropriate proportions of BTEX in methanol in a volumetric flask. The BTEX 

working standards were prepared by diluting the stock solution with distilled water to 

the desired concentration in 25 mL flasks. Citric acid (>99.5% purity) supplied by 

Qualigens fine chemicals, sodium hydroxide (>97% Purity) supplied by SDF-

chemicals Ltd., sulfuric acid obtained by Merk specialties Pvt. Ltd., Mumbai, 

Hydrochloric acid purchased from molychem chemicals, Mumbai, potassium 

hydroxide supplied by Qualigens fine chemicals, Mumbai, sodium chlorite (NaClO2), 

glacial acetic acid supplied by Merk specialties Pvt. Ltd were used in experimental 

studies. Double distilled water (DW) was used throughout the experiment. Borosil 

glassware was used to conduct all the experiments. Solutions which are used in the 

experiments are prepared in double distilled water. Merck Millipore-Q water system 

was used to get double distilled water. An Elico (LI-120) pH meter was used for pH 

measurements. The calibration of pH meter was done by using standard buffer 

solutions of pH 4.0 and 9.2. Test solutions pHs were adjusted using HCl (0.1 N) and 

NaOH (0.1 N). Bruker Alpha FT-IR spectrophotometer was used for IR spectral 

studies (4000-400 cm−1) of adsorbent. Wide-angle X-ray diffraction (WAXD) patterns 

of CAEAS samples were recorded on an X-ray diffractometer (XRD-6000, 

Shimadzu) by using Cu Kα radiation. BTEX concentrations in the samples were 

determined by using a Model Clarus®500 Head-space GC-MS system (Perkin 

Elmer), TEM analysis was done by using Transmission electron microscope Tecnai-

12, FEI, (Netherlands) in the magnification range of 6,00,000X. 

 

2.3. Chemical modification of cellulose fibers: 

The modification of CF with citric acid was carried out as described by Marshall et.al. 

[14]. Approximately 200 g of extracted CF sieved powder was placed in 4 L of 0.1 N 

NaOH. The slurry was stirred at 300 rpm for 1 hr at 230C to remove excess of base. 

The washed slurry was taken onto a 40 mesh sieve, rinsed with water and added 4 L 

of double distilled water. This procedure was repeated two more times to ensure the 

removal of excess base from CF. This base treated adsorbent was then mixed with 

citric acid (CA) in a ratio of 1:7 i.e 1.0 g CF to 7.0 mL of Citric acid. CF readily 

absorbed the acid and this ratio of CF to acid was enough for the complete absorption 

of liquid by CF. The acid-CF slurry was dried overnight at 500C. 
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        Fig.1.The schematic representation of chemical modification of cellulose fibers 

 

The chemically treated CF was placed on Whatman 41 filter paper and washed in a 

Buchner funnel under vacuum with 150–200 mL of double distilled water per gram of 

the product to remove excess of citric acid. This volume of water was sufficient to 

remove un reacted citric acid since no turbidity from lead (II) citrate was observed 

when the washed CF was suspended in 10 mL of water and added 10 mL of 0.1 M 

lead nitrate. The modified CF was dried at 500C for 12 hours and sieved to retain the 

20–30 mesh fractions and named as CAMCF. The modification of CF to CAMCF has 

shown in Fig 1. 

 

2.4. Adsorption procedure: 

Appropriate quantities of BTEX were added to the volumetric flask containing 

methanol to prepare stock solutions individually. Standards were prepared by the 

serial dilutions of the stock solution with double distilled water. Volumetric flasks 

were sealed with stoppers to prevent the evaporation and shaken for proper mixing.  
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The removal of BTEX was studied using batch mode of experiment at 22±1oC. The 

experiment was carried out by mixing CAMCF with fixed volume of BTEX solution 

in teflon screw cap tubes. All sample tubes were sealed with teflon screw caps 

without head-space left above the solutions to avoid any possible volatilization of 

BTEX during the experiment. Sample tubes taken into rotary shaker at 22±1oC with 

300 rpm for 24 h, until equilibrium was reached. After reaching equilibrium time, the 

samples present in each sample tubes were decanted and centrifuged at 3000 rpm for 

20 min to allow the adsorbent to settle. After centrifugation, a portion of the 

supernatant was extracted in a septum-capped vial and stored for analysis. The pH 

effect of was determined by adjusting the initial pH values from 3.0 to 8.0. Adsorbent 

dosage was determined from taking different quantities of doses from 1 g to 20 g and 

keeping the initial concentration and contact time constant. The effect of contact time 

on batch experiments was examined by varying the contact time from 2 to 24 hours at 

constant BTEX concentration (50mg/L) and adsorbent dose. The effect of initial 

concentrations and adsorption isotherms were evaluated by taking different 

concentrations in the range of 5 mg L-1 to 200 mg L-1. Blank was prepared with 

BTEX and the test was performed without adsorbent in the same experimental 

conditions.  

 

2.5. Analytical Procedure and evaluation of BTEX removal: 

The concentration of BTEX in the test solutions before and after adsorption was 

determined by using Head-space GC-MS system (a Model Clarus®500 from Perkin 

Elmer). A gas chromatography (GC) column is 60 m in length with an inner diameter 

of 0.25 mm. it was equipped with helium inlet. Helium was used as carrier gas (purity 

99.99%) and also used for quantification of the sample. The injector port temperature 

was maintained at 150oC. The oven was programmed with an initial temperature of 

30oC and then increased at a rate of 10oC per minute to 150oC.  

From the BTEX concentrations measured before and after the adsorption (C0 and Ce, 

in mg L-1 respectively), adsorbent dry weight (W in kg) and volume of aqueous 

solution (V in mL), the uptake capacity of BTEX (qe in mg g-1) and the removal 

percentage (E %) were calculated according to Equations (1) and (2) : 

qe = (C0 − Ce)
V

W
         (1) 

E% =
Co−Ce

C0
X100         (2) 
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3. RESULTS AND DISCUSSION 

3.1. FTIR spectral studies: 

 FTIR analysis allows spectrophotometric observation of the biosorbent surface in the 

range of 400-4000 cm-1 and serves as an important tool for the identification of the 

organic  

 

              Fig.2. FTIR Spectrum of Mango seed (MS), cellulose fibers( CF) and citric 

acid modified cellulose fibers(CAMCF) 

functional groups on the surface of the biosorbent [15]. The FT-IR spectrum of MS, 

CF and CAMCF was shown in fig 2. From the figure the broad and intense absorption 

peaks around 3400cm−1 corresponds to the O–H stretching vibrations of pectin, 

cellulose and hemi cellulose. The bands in the range 1300–1000cm−1 can be assigned 

to the C–O stretching vibration of alcohols and carboxylic acids [16]. In the FTIR 

spectrum of MS the band at 1727 cm-1 belong to the stretching of the -C=O bond in 

the aliphatic carboxylic, aryl ester component of hemicelluloses and lignin. A peak at 

1505 cm-1 was due to the stretching of the C=C bonds in the aromatic rings in lignin 

[17, 18]. The peaks observed in the spectrum of MS at 1300-1000 cm-1, 1505 cm-1 are 

shifted and disappeared in the CF spectrum indicating that the elimination of 

hemicelluloses. A strong peak observed at 1742cm−1 in CAMCF spectrum indicates 

the ester functional group which is formed by the reaction of acidic and alcohol 

groups from citric acid and cellulose respectively. The broad absorption peaks in 

CAMCF around 3382 cm-1 and 3353 cm−1 confirms the existence of carboxylic O–H 

groups after citric acid modification. 
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3.2 XRD Analysis: 

X-ray diffraction is a powerful technique to analyze the nature of the materials 

weather it is crystalline or amorphous. If the material is crystalline, well-defined 

peaks are observed while non-crystalline or amorphous systems shows hallow peaks 

instead of well-defined peaks.  

 

Fig. 3. X-ray diffraction patterns of  CAMCF 

 

 

                         Fig.4. TEM Images of citric acid modified cellulose fibers (CAMCF) 
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In the diffractogram of CAMCF the peaks at 2θ=110, 170, 210, 340 indicating that the 

presence of type I cellulose [12]. The XRD pattern of the adsorbent is presented in 

Fig.3. The diffractogram indicates the adsorbent is a semi crystalline material with a 

broad amorphous halo and crystalline peaks due to the predominant presence of type 

1cellulose.  

 

3.3. TEM Analysis: 

The surface morphology of CAMCF was studied with a transmission electron 

microscope Tecnai-12, FEI, (Netherlands). The surface of the materials was scanned 

at the desired magnification and it was showed in Fig 4. From the image the adsorbent 

material is in the form of spherical clusters which is the characteristic feature of well 

defined adsorbents.   

 

3.4 Effect of pH: 

pH is one of the most important parameters which controls the adsorption process 

[19]. The effect of the initial pH of the solution on the removal of BTEX by CAMCF 

monitored in the range of 3.0–8.0 and is shown in Fig 5. The percentage removal of 

BTEX by CAMCF increased significantly when the pH of the solution increased from 

pH 3.0 to 7.0, and showed the maximum removal at pH 7.0 which is an equilibrium 

point. After equilibrium by increase in the pH to 8.0 there was slightly decrease in 

removal. The minimal removal of BTEX at lower pH values can be attributed to the 

higher concentration of H+ ions in the solution, which compete with BTEX for the 

adsorption sites of CAMCF. As the pH of the system increases, BTEX in solution is 

attracted to the surface of the adsorbent, thus favoring the removal. After pH 7.0 the 

CAMCF is negatively charged. Therefore an electrostatic repulsion phenomenon is 

produced and thus the BTEX removal reduced. 

It is of great importance to describe the adsorption mechanism of BTEX by CAMCF. 

Direct relationship between BTEX adsorption and surface carboxylic groups of 

CAMCF is  
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Fig.5. Effect of pH on the removal of BTEX using CAMCF 

 

observed. It suggest that the p–p electron-donor–acceptor mechanism [20]. The 

carboxylic oxygen-atom of CAMCF surface act as the electron-donor and the 

aromatic ring of BTEX as the electron-acceptor are responsible for the uptake of 

BTEX by CAMCF. Furthermore, there is an electrostatic interaction between the 

BTEX molecules and CAMCF, because the BTEX molecules which possess positive 

charge are attracted towards the surface of adsorbent with negative surface charge, 

resulting in the electrostatic attraction and thus leads to a high BTEX adsorption.  

 

3.5. Effect of adsorbent dose 

Experiments were carried out by taking different amounts i.e 1 g to 20 g of adsorbent 

doses. The equilibrium time and the pH of the test solution were kept constant. The 

adsorption capacities of different amounts of adsorbent were illustrated in Fig 6. At 

initial stages the adsorption capacities of the adsorbent was increased and reached the 

optimum level to 5 g for benzene and 9 g for Toulene, ethyl benzene and xylene. This 

is because of the availability of more  



Removal of BTEX from aqueous solution using Mangifera indica (Mango) seed 1347 

 

               Fig.6. Effect of dose on the removal of BTEX using CAMCF 

 

binding sites on the adsorbent at optimum level. There is no change in the adsorption 

capacities by addition of more adsorbent after the optimum level. This is due to the 

fact that the saturation of the binding sites gives the constant adsorption of BTEX on 

to the biosorbent.  

 

3.6. Effect of contact time: 

The effect of contact time on the removal of BTEX by CAMCF is shown in Fig. 7. 

The effect of contact time on batch experiments was examined by varying the contact 

time from 2 to 24 hours at constant BTEX concentration (50mg/L) and adsorbent 

dose. In the first 2 hours there was a fast adsorption of BTEX by CAMCF. Thereafter 

adsorption efficiency slowed down until it reached equilibrium. The fast initial 

adsorption was due to the availability of a large number of vacant binding sites on 

adsorbent. After the equilibrium the adsorption was constant due to the lack of vacant 

binding sites. The adsorption of BTEX on CAMCF is more due to surface properties 

changed by the citric acid modification. This is responsible for faster adsorption rate 

with the CAMCF. 
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                                 Fig.7.Effect of contact time on BTEX removal using CAMCF  

 

3.7. Kinetic Studies   

Several kinetic models are tested to fit experimental data obtained from BTEX 

removal experiments in order to elucidate the biosorption mechanism. Among these 

models pseudo first order and pseudo second order kinetic models are familiar in 

demonstrating the adsorption history. Kinetic studies were carried out with 

appropriate quantities of BTEX solutions with the concentration of 50 mg L-1 at 22±10 

in contact with CAMCF. Samples of the BTEX solution were removed at different 

time intervals (2 h to 24 h) and the BTEX concentrations were measured. The uptake 

of BTEX was calculated by using kinetic equations.  

 

3.7.1 Pseudo first order kinetics: 

The pseudo-first order kinetic equation considers that the rate of occupation of 

adsorption sites is proportional to the number of unoccupied sites. It was first 

suggested by Lagergren [21] and the equation is as follows 

𝑑𝑞𝑡

𝑑𝑡
= 𝐾1(𝑞𝑒 − 𝑞𝑡)         (3) 

Where qe and qt are the adsorption capacity at equilibrium and at time t, respectively 

(mg g-1), K1 is the rate constant of the pseudo first- order adsorption (min-1). 

Integrating Equation (3) it gives: 
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log (
qe

qe−qt
) =

K1

2.303
t                (4) 

The rearrangement of equation (4) gives the following linear form: 

log(𝑞𝑒 − 𝑞𝑡) = log(𝑞𝑒) −
𝐾1

2.303
𝑡           (5)  

 

Table 1 

Pseudo second order kinetic parameters for the removal of BTEX by using CAMCF 

Compound qe exp (mg g-1) qe cal (mg g-1) R2 
K2 

(g mg-1 min-1) 

Benzene 3.27 4.0992 0.9798 0.0462 

Toulene 3.53 4.3767 0.9811 0.0439 

Ethyl 

Benzene 
3.86 4.6779 0.9862 0.1731 

o-Xylene 4.02 4.9510 0.9843 0.0406 

m-Xylene 4.26 5.2628 0.9886 0.0380 

p-Xylene 4.40 5.1829 0.9923 0.0513 

 

Table 2 

Intra particle diffusion parameters for the removal of BTEX by using CAMCF 

Compound 
Kid 

(mg g-1 min-1/2) 

C (mg g-1) 
R2 

Benzene 0.6121 0.5841 0.8471 

Toulene 0.6520 0.6332 0.8520 

Ethyl Benzene 0.6857 0.8213 0.8553 

o-Xylene 0.7356 0.7551 0.8614 

m-Xylene 0.7842 0.7729 0.8833 

p-Xylene 0.7330 1.1730 0.8598 
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3.7.2 Pseudo second order kinetics: 

Another simple kinetic model suggested is the pseudo-second-order suggested by Ho 

and Mckay [22]. The differential equation is generally given as follows: 

𝑑𝑞𝑡

𝑑𝑡
= 𝐾2(𝑞𝑒 − 𝑞𝑡)

2                                                                                 (6) 

where k2 (g mg-1 min-1) is the second-order rate constant of adsorption. Integrating 

Eq. (6) for the boundary conditions qt=0-qt at t=0-t is simplified as can be rearranged 

and linearized to obtain the following equation. 

       
𝑡

𝑞𝑡
=

1

𝐾2𝑞𝑒
2 +

1

𝑞𝑒
(𝑡)                                                                                 (7) 

The second-order rate constants were used to calculate the initial sorption rate, given 

by the following equation: 

ℎ = 𝐾2𝑞𝑒
2                (8) 

If the second-order kinetics is applicable, then the plot of t/qt versus t should show a 

linear relationship. Pseudo-second order kinetics model for the biosorption of BTEX 

at different concentrations is given in Fig 8. It is evident that pseudo-second order 

model explains better sorption of BTEX with good correlation coefficients and qe 

values obtained from this model are close with the experimental values (Table 1).  

 

3.7.3 Intra particle diffusion: 

The intra particle diffusion model describes the adsorption processes, where the rate 

of adsorption depends on the speed at which adsorbate diffuses towards adsorbent 

(i.e., the process is diffusion-controlled). The proposed kinetic models cannot identify 

the diffusion mechanism, therefore the results were then subjected to analyze by the 

intraparticle diffusion model to know the diffusion mechanism and the equation is 

represented as [23] 

𝑞𝑡 = 𝐾𝑑𝑖𝑓𝑡
1
2⁄ + 𝐶             (9) 

Where C (mg g-1) is the intercept and Kdif is the intraparticle diffusion rate 

constant (in mg g-1 min-1/2). The intra particle diffusion model as fitted with the 

experimental data is presented in the plot of qt versus t1/2 depicted in Fig 9, and the 

values of kdif and correlation coefficients are given in Tables 2. The intra particle 

diffusion will be the rate limiting step where the plot of uptake (qt Vs t1/2) should be 

linear and it should passes through the origin. The adsorption of BTEX onto the 

adsorbent follows three consecutive stages. First, the adsorbate migrates through the 

solution to the exterior surface of the adsorbent particles. Secondly, the adsorbate 

moves within the pores of the adsorbent particles. Then, thirdly, the adsorbate 

adsorbed at sites on the interior surface of the adsorbent particles. However, the plot is 
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not passed through the origin. This indicates that although intraparticle diffusion was 

involved, it was not the rate-controlling step in the adsorption process [24]. 

 

Fig.8. Pseudo second order kinetic model for the removal of BTEX using CAMCF 

 

 

          Fig.9. Intra particle diffusion model for BTEX removal using CAMCF 
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3.8 Equilibrium isotherm models of biosorption:  

Isotherm modeling is very important in the comparison and prediction of biosorption 

capacity for which two, three, four parameter models are available.  However, two 

parameter models are usually preferred due to their easy linearization and simplicity. 

Use of more complex model is not required, when two-parameter models fit the data 

well. The equilibrium sorption isotherm, which indicates the capacity of the 

adsorbent, is important in the design of biosorption systems. The equilibrium 

relationships between adsorbate and adsorbent are described by sorption isotherms. 

They are usually the ratio between the adsorbed quantity and that remaining in the 

solution at a fixed temperature at equilibrium. A sorption isotherm characterized by 

certain constant values that can express the affinity and the surface properties of the 

adsorbent. In the present work, two-parameter models Langmuir, Freundlich were 

used to describe the equilibrium between the BTEX sorbed onto the CAMCF and the 

BTEX present in the solution. Langmuir, Freundlich adsorption  
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Fig.10. Isotherms of BTEX removal using CAMCF 

 

isotherms for BTEX adsorbed onto CAMCF is shown in Fig 10 and the resulting 

values are shown in Table 3. 

Langmuir isotherm model is an analytical equation developed for gas-phase 

adsorption on homogeneous surfaces of glass and predicts a single maximum binding 

capacity [25]. The non linear form of the Langmuir equation can be written as 

followed in the equation (10): 

𝑞𝑒 =
𝑞𝑚𝑎𝑥𝐾𝑑𝐶𝑒

(1+𝐾𝑑𝐶𝑒)
                                                                                                (10) 

Where qe is the biosorption capacity at equilibrium (mg g-1), qmax is the maximum 

BTEX specific uptake (mg g-1), and Kd represents the equilibrium constant of the 

biosorption reaction. The model was linearised as equation (11 & 12) in order to 

obtain qmax, and Kd, values. 

𝐶𝑒

𝑞𝑒
=

𝐶𝑒

𝑞𝑚𝑎𝑥
+

1

𝑞𝑚𝑎𝑥𝐾𝑑
                                                                                       (11) 

1

𝑞𝑒
=

1

𝑞𝑚𝑎𝑥𝐾𝑑𝐶𝑒
+

1

𝑞𝑚𝑎𝑥
                                                                                     (12) 

The dimensionless constant referred to as separation factor or equilibrium parameter, 

RL helps in expressing the essential features of Langmuir isotherm model. The 

equation is as follows (13). 

𝑅𝐿 =
1

1+(1+𝐾𝑑𝐶0)
                                                                                              (13) 

Where: 

C0 = initial concentration  

Kd = constant related to the energy of adsorption (Langmuir Constant). RL value 
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indicates the nature of adsorption process. Adsorption process is unfavourable if 

RL>1, linear if RL =1, favourable if 0< RL<1 and irreversible if RL=0 [26].  

Fruindlich isotherm is an empirical equation employed to describe the heterogeneous 

systems. The application of Fruindlich equation suggests that the adsorption energy 

decreases exponentially on completion of the adsorption centres of an adsorbent [27]. 

Freundlich isotherm model explains the relationship between reversible and non-ideal 

adsorption. General equation for the Fruindlich isotherm can be represented as: 

𝑞𝑒 = 𝐾𝑓𝐶𝑒
1
𝑛⁄                            (14) 

where Kf (mg g-1) and ‘n’ are the Freundlich constants related to the sorption capacity 

of the adsorbent and the energy of adsorption respectively, Ce indicates the 

equilibrium concentration of adsorbate (mg L-1), qe is the amount of adsorbate 

adsorbed per gram of the adsorbent at equilibrium (mg g-1). A plot of Ce Vs qe for the 

adsorption of BTEX on CAMCF was employed to generate the intercept value of Kf 

and the slope, 1/n. The slope (value of 1/n) ranges between 0 and 1 and is a measure 

of adsorption intensity or surface heterogeneity. As the value of the slope approaches 

zero, the process is more heterogeneous, whereas 1/n value below unity implies 

chemisorptions and 1/n value above the value of one indicates the adsorption is 

cooperative adsorption i.e. physical adsorption 

 

Table 3 

Isotherm constants for the removal of BTEX by using CAMCF 

Isotherm model 

 
Benzene Toulene Ethyl 

Benzene 
o-Xylene m-Xylene p-Xylene 

Langmuir       

Qmax (mg g-1) 3.724 3.877 4.285 4.469 4.617 4.903 

b (L mg-1) 0.157 0.182 0.210 0.155 0.158 0.256 

R2 0.892 0.899 0.928 0.808 0.809 0.927 

χ2 0.231 0.238 0.212 0.652 0.699 0.295 

Freundlich       

Kf (mg g-1) 1.046 1.161 1.310 1.257 1.303 1.607 

1/n 0.955 0.860 0.763 0.795 0.766 0.622 

R2 0.738 0.730 0.769 0.690 0.684 0.777 

χ2 0.564 0.638 0.681 1.055 1.157 0.901 
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4. CONCLUSION 

In this study, agricultural waste material mangifera indica (mango) tegument was 

used as a source for preparation of biosorbents CAMCF. Results revealed that 

CAMCF was proved to be an effective adsorbent for Benzene, Toulene,Ethyl 

benzene, p-Xylene, m-Xylene, o-Xylene removal from aqueous solutions with 

maximum adsorption capacities of 3.724 mg g-1, 3.877 mg g-1, 4.285 mg g-1, 4.469 mg 

g-1, 4.617 mg g-1, and 4.903 mg g-1 respectively. The Langmuir isotherm was well 

fitted to the equilibrium data with good correlation coefficient values. Adsorption 

kinetics is best represented by a pseudo second-order rate model. P-p electron-donor–

acceptor mechanism and electrostatic interaction between the BTEX and CAMCF 

were responsible for the effective removal of BTEX from wastewater. 
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