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Abstract 

The ability of adsorbent prepared from by - product of agriculture for the removal of dye was investigated. This 

study was aimed at the use of citric acid modified Globimetula oreophila to remove copper from aqueous solution. 

The adsorbent was characterized by Scanning electron microscope (SEM) and Fourier Transform Infrared (FTIR). 

The parameters investigated are the following: effect of pH, point of zero charge, initial copper concentration, 

contact time, kinetics and the effect of temperature. The optimum pH of adsorption was 5.2. Adsorption capacity 

increases gradually with increase in mass of biomass. The adsorption capacity decreased with increase in the initial 

copper concentration. 93% of the adsorption capacity was achieved in 15 minutes of contact time. The maximum 

adsorption capacity at equilibrium is 18.5 mg/g. The Dubinin–Radushkevich model was the most appropriate in 

describing the adsorption process. The Pseudo- second order kinetic model was suitable for explaining the 

adsorption of copper onto modified Globimetula oreophila. Thermodynamic properties related to the adsorption 

process were determined to be endothermic for the enthalpy change (36.3 kJmol-1), spontaneous (ΔG = -ve), and 

there was disorderliness at the adsorbent - adsorbate interface. The adsorption process was physisorption. Citric acid 

modified Globimetula oreophila is a promising adsorbent for the removal of copper from waste - water. 

Keywords: Kinetics, Globimetula oreophila, copper, adsorption, pseudo-second order 

 

Introduction 

The increase in industrial activities has resulted in the elevation in the concentration of heavy metals introduced into 

the aquatic environment. Heavy metals in wastewater have become a source of worry to man as they have no benefit 

to the wellbeing of both man, animal and plants. The heavy metals introduced into the environment through 

anthropogenic sources include lead, arsenic, cadmium, zinc, copper, chromium, mercury, and nickel. Apart from the 

metal and mining related industries, other industries whose metal-laden effluents are discharged into water bodies 

are ceramic, paints, glassware, leather tanning, electroplating, battery, and photography (Brown and Welton 2008). 

These metals are very stable and persistent environmental  contaminants  since  they  are non- degradable,  and  

therefore  tend  to  aggregate  in  the  soils,  seawater,  freshwater  and  sediments Chowdhury and Saha (2011). 

Copper becomes toxic to man if it exceeds 1.0 mg/L, the World Health Organization permissible level of copper in 

water (Siegel 2002). Industrial effluents usually contained high concentration of copper (Tong et al. 2011). Human 

intake of high concentration of copper has negative effect on the liver and kidney. It can also result in diarrhea, 

dizziness, depression, hepatic and renal damage, mucosal irritation, heart failure and brain damages (Ajaelu et al., 

2017; Ajaelu et al. 2021; Ajmal et al. 1998; Larous et al. 2005; Zhu et al. 2009).  

Different methods have been used to remove copper from water bodies. These include chemical 

precipitation Mishra and Devi (2011, Kitobo et al., 2012, Agrawal et al. 2008.,  Papadopoulos et al. 2004; Liquid – 

liquid extraction (Lee, 2011; Deep et al 2010; chelating or ion exchange resin (Janin et al. 2009);  Bulai et al. 2009, 

electrodialysis and reverse osmosis ( Kumar et al. 2019). Chemical precipitation enjoyed wide usage for copper 
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removal as hydroxide or sulfide. The demerit of chemical precipitation is the challenge involved in the disposal of 

the copper hydroxide. All the methods are not cost effective, and they lead to partial removal of copper, high usage 

of energy as well as the production of toxic sludge. 

An alternative method known as biosorption process was developed for the elimination of heavy metals. The 

sorption procedure presents the effective and economical method for the remediation of metal- bearing wastewaters 

owing to its environmental friendly features, high uptake capacity, cost effectiveness, absence of toxicity 

constraints, less sludge, biosorbents availability and the possibility of biosorbent regeneration (Bhatnagar et al. 

2012;). Some plant materials used as adsorbents for heavy metals include Carica papaya root powder (Alao et al. 

2014), Orange peel (Gupta and Nayak, 2012), Mangifera indica (Ajaelu et al 2013, 2015), peanut (Tasar and Ozer 

2020), periwinkle shell (2008),  Musa parasidiaca (Emenike et al. 2017), groundnut seed, sesame seed  coconut 

(Kumar et al. 2019) and Breadfruit leaf (2013).  For that reason the possibility of using a biosorbent , Globimetula 

oreophila,   to remove  copper  from  industrial  effluents  was  investigated. 

Globimetula oreophila belongs to the Loranthaceae family. It has green leaves and can be found in every region of 

Nigeria. It grows on trees such as cocoa, rubber and orange among others. Globimetula oreophila is a parasitic plant 

that needs to be explored in the removal of metals. Its raw form had been used to remove copper from aqueous 

solution (Ajaelu and Faboro 2021) but its modified form has not been explored.  

In the present study, citric acid modified Globimetula oreophila   biosorbent (MGO) was produced and 

characterized using FT-IR and SEM.  The Cu (II) adsorption kinetics was described by pseudo- first and pseudo- 

second order models. Adsorption isotherms were described by using Freundlich, Langmuir, Temkin and Dubinin–
Radushkevich models. In addition, copper adsorption thermodynamics were also studied. 

 

2. Material and methods 

 

 2.1 Material 

Analytical grade chemicals were used. The modification of the G. oreophila was carried out using Citric acid 

monohydrate (CA) (Figure 1).  

 

Preparation of the adsorbent 

The G. oreophila leaves were washed with tap water to remove dust and extraneous material. It was then rinsed with 

distilled water and air dried and oven-dried at 105oC. It was then ground, screened with 1mm sieve and kept in a 

clean, air- tight container. 

 

 

                                                         

Fig. 1 Structure of citric acid 

 

2.2 Adsorbent modification and adsorption process 

We have previously reported the method used for the modification with little adjustments (Ajaelu et al. 2017, Ajaelu 

et al. 2019). In summary, raw Globimetula oreophila was mixed with 0.2 M citric acid and agitated for 60 min. The 



 

 

acid/Globimetula oreophila mixture was dried in the oven at 80°C for 3 hours, and then elevated to 140°C for 3 

hours.  The cooled sample was washed with 0.15 M NaOH and then with distilled water to attain a neutral pH.  The 

CA modified Globimetula oreophila was dried at 105°C until constant weight was achieved. It was stored in a clean 

dry bottle for further studies.  

Surface structure characterization of MGO was done using Scanning electron microscope (Zeiss Auriga HRSEM) 

while the functional groups identifications were obtained using Fourier Transform Infrared Spectrophotometer, 

Agilent Technologies Cary 630FTIR spectrometer.  

 

2.4 Adsorption of copper (II) ion 

A solution of 1000 mg/L Cu (II) concentration was prepared by dissolving 24.96 g of hydrated copper salt in 100 

mL beaker. The mixture prepared was then transferred into a 1L volumetric flask and was diluted with distilled 

water. 

2.4. Batch Adsorption Method The adsorption experiments were carried out in batches. The effect of pH was 

carried out with 0.1 g of MGO at pH range of 1 – 8. Initial metal concentration was determined using 0.2 g of MGO 

and copper concentrations of 20, 40, 60 and 80 mg/L; mass of adsorbent from 0.1 -0.6 g. Adsorption kinetic studies 

was performed using 0.05 g of adsorbent from 0 to 120 minutes at varying copper concentrations (20, 40, 60 and 80 

mg/L). Temperature studies was investigated from 303 -323 K using 0.2 g of MGO. These mixtures were then 

agitated for 2 hours. After adsorption, filter paper was employed for the separation of the residue from the filtrate 

and the level of Cu (II) ions in the filtrate was analyzed at a wavelength of 324.7 nm using atomic absorption 

spectrometer (Agilent Technologies Cary 630FTIR spectrometer).  

 The amount (qe in mgg-1) and percentage (%) of Cu2+ removed,) (eq. 1) and (eq. 2) respectively can be evaluated by 

the equations: 

                                                           (1)        

     % sorption capacity = 100x
C

CC

o

eo 
                     (2)  

Where Co (mgL-1) and Ce (mgL-1) are the starting concentrations of Cu2+ and the final concentration of Cu2+ in 

solution respectively. V (L) and w(g) represent the volume of Cu2+ and the weight of MGO respectively. 

Experiment on the kinetics o adsorption was done by contacting 0.5 g each of the sorbent with 120 mL of 

20 - 80 mg/L Cu2+ solutions at pH 7. The concentration of Cu2+ adsorbed qt (mg/g) was obtained by the equation 

below: 

                (3)  

Where Ct  (mg/L) represents the amount of Cu (II) ions adsorbed at time t. 

 

 



 

 

 

 

Fig. 2 Typical  SEM of a. raw and b.  citric acid modified Globimetula oreophila 

Table 1 : Infrared Spectral Data of MGO pre- and post- sorption of  Cu(II) ions  

Adsorbent υ(OH) 

(cm-1) 

υ(CH) 

(cm-1) 

υ(C=O) 

(cm-1) 

υ(C=C) 

 (cm-1) 

υ(C-O) 

 (cm-1) 

Modified Globimetula 

oreophila (MGO) 

3342m 2919s 

2851s 

1731s 

1636m 

       1165s 

1034s 

MGO after Cu (II) ions 

adsorption 

3338m 2917m 

2850m 

 1605m 1157s 

1027m 

 

 

 



 

 

 

Fig. 3. FTIR of modifed Globimetula oreophila a) pre- sorption   b. post- sorption of copper (II) ions 

 

Characterization of modified Globimetula oreophila 

The SEM micrograph (Figure 2) of raw Globimetula oreophila was compared to the citric acid modified 

Globimetula oreophila. The raw Globimetula oreophila surface reveals irregular, flat and layered sheets containing 

some pores on its surface (Ajaelu and Faboro 2021). After treatment with citric acid, the surface looks like a fibrous, 

mushroom surface - like tissue containing uneven pores. Thus, the surface has enhanced microporous and 

mesoporous nature for adsorption. 

FTIR analysis. Identification of functional groups through characteristic vibrational frequencies was done by  

comparing the spectra of the Cu (II) adsorbed citric acid modified Globimetula oreophila with that of the citric acid 

modified Globimetula oreophila (MGO) as presented in Figure 3 and Table 1. The infrared spectrum of the citric 

acid modified Globimetula oreophila revealed a broad and medium band around 3342 cm-1, which is attributable to 

a υ(OH) vibration band of an hydrogen bond due to the citric acid. This band has shifted slightly to 3338 cm-1 after 

adsorption with Cu (II) ions. The sharp and strong bands appearing at 2919 cm-1 and 2851 cm-1 are due to the υ(CH) 

vibrational bands. These bands have remained almost unchanged at 2917 cm-1 and 2850 cm-1 after its adsorption 

with Cu (II) ions. The sharp and strong band appearing at 1731 cm-1, as well as the sharp and medium band at 1636 

cm-1 are attributable to υ(C=O) stretching vibration bands appearing from the carboxylic acid. These bands 

disappeared in the spectrum of this adsorbed compound with Cu (II) ions. This indicates the coordination of the 

oxygen of the C=O bond to the Cu (II) ion during adsorption (Adetoye et al., 2009). The appearance of a new sharp 

and medium band at 1605 cm-1 is attributable to the υ(C=C) stretching vibrations. The medium and strong bands at 

1165 cm-1 and 1034 cm-1 are attributable to the υ(C-O) stretching vibration. These have shifted to lower frequencies 

of 1157 cm-1 and 1027 cm-1 after adsorption. This means that oxygen of the hydroxyl group is involve in Cu(II) ions  

adsorption (Adetoye et al., 2009). 

 



 

 

Effect of pH The pH for the sorption of copper on modified Globimetula oreophila was investigated from pH 2 to 8 

(Figure 4). Optimum adsorption was at pH 5.2 while percentage adsorption increased from 5 to 35 %. This is lower 

compared to the already reported values for raw GO which has 95.6 % adsorption of copper. A reduction in the 

adsorption of copper by citric acid modified GO may be due to some reasons: Firstly, some of the pores in which 

adsorption will occur have been occupied by the citric acid, thereby reducing the number of pores available for 

adsorption. Secondly, the citric acid, being a weak acid, released only few hydrogen ions for exchange with copper. 

In addition, at higher pHs, formation of metal ions hydroxylated complexes may occur, limiting the activity by 

blocking the surface moieties (Singh et al. 2021, Wadhawan et al. 2020) 

 

Fig. 4 The effect of pH on the sorption of copper on modified Globimetula oreophila 

The point of zero charge (PZC) of MGO obtained was 2.0 as reflected in Figure 5. The point of zero charge explains 

the reason why the surface of adsorbents has a net zero charge density. It is the pH at which the net charge on the 

surface of the adsorbent is zero. When the pH is lower than the PZC, the MGO surface is positively charged, and at 

pH higher than PZC the surface is negatively charged. Optimum adsorption took place at pH 5, a value higher than 

the PZC. At very low pHs the surface of the adsorbent has functional groups that are protonated leading to 

electrostatic repulsion. Thus, as the pH increases the competition for the negative adsorption sites by H+ ions 

decrease, thereby increasing the number of available site for sorption of Cu (II) ions. The negative charges on the 

surface of the adsorbent due to the pH greater than the PZC enhanced the adsorption of copper.  

Table 2. The results for pseudo-first and pseudo-second order kinetic models for the sorption of copper on 

modified Globimetula oreophila 

  PSEUDO-FIRST ORDER      PSEUDO SECOND ORDER    

conc(mg/L) qe(exp)(mg/g) qe(calc)(mg/g) k1/min  ∆q  qe(calc) k2(gmg-1min) ∆q R2 

20 6.84 1.60 0.00006 3.71 7.63 3.74E-01 0.558 0.999 

40 7.42 2.44 0.001 3.52 3.44 4.15E-02 2.82 0.998 

60 10.8 1.19 0.177 6.77 11.1 1.72E+00 0.242 0.996 

80 14.8 2.33 0.848 8.84 15.2 2.06E-01 0.221 1 
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Effect of initial metal concentration 

The initial metal concentration effect on the adsorption process cannot be over-emphasized. Figure 6 reflects the 

impact of the initial copper concentration on the adsorption capacity of MGO. There was a decrease in adsorption 

capacity from 94.5 % to 92.1% as the initial concentration of copper increases from 20 - 40 mg/L. This is because 

the adsorption sites adsorbed the metal ion at a faster rate at reduced concentration due to the few sites available on 

the surface of the adsorbent. At higher amount of metal in solution vacant sites free for adsorption are few due to 

saturation of the vacant sites by copper ions. Adsorption can be enhanced by diluting the solution at higher 

concentration. Similar result was obtained by Zhang et al. 2021 and Cherono et al. 2021. 

 

 

Fig. 5 The impact of point of zero charge on the adsorption of copper on modified G. oreophila 

 

Effect of adsorbent dosage 

Effect of adsorbent dosage on copper removal was investigated at room temperature and results obtained are 

depicted in Figure 7. There is a gradual rise in the percentage adsorption capacity as the adsorbent dosage increased 

for each of the concentrations (20 – 100 mg/L) studied. At a concentration of 100 mg/L and a sorbent dosage of 0.5 

g, the percentage adsorption capacity was 98.8 %. This high adsorption capacity may be due to the large surface area 

of modified Globimetula oreophila.  
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Fig. 6 The effect of initial metal concentration on the sorption of copper on modified Globimetula oreophila 

Effect of contact time 

Figure 8 presents the plot of the adsorption capacity of copper against time at various initial concentrations (20 - 80 

mg/L). At the beginning of the adsorption process, the rate was rapid for the different concentrations attaining over 

93 % of the sorption capacity at equilibrium within the first 15 minutes. This behavior was achieved because of the 

high number of available unoccupied adsorption sites at the early stage, in addition to the presence of high 

concentration gradient between the adsorbent and the adsorbate. Similar contact time result was obtained by Jung et 

al., 2017, Ajaelu and Faboro 2021. 
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Fig. 7 The effect of mass of biomass on the sorption of copper on citric acid modified Globimetula oreophila 

 

Fig. 8 Effect of contact time on the sorption of copper onto modified Globimetula oreophila 
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Fig. 9 Pseudo- second order kinetics for the sorption of copper on modified Globimetula oreophila 

 

Adsorption kinetics 

The kinetics of the sorption processes were explained using two isotherms, Pseudo- first order (eq. 13) and pseudo-

second order (eq. 14) in their linear form.  

t
k

qqq ete
303.2

log)log( 1                            (13) 

2
2

1 1

t te

t
t

q qk q
                 (14) 

Where qe (mg/g) and qt (mg/g) represent the biosorption capacities of modified Globimetula oreophila at 

equilibrium and at any time t, respectively ; k1 and k2 are the rate constants of the pseudo- first and pseudo- second 

order biosorption as reflected in Table 2. The sorption of copper unto MGO follows the pseudo-second-order kinetic 

model (Figure 9) as compared to the pseudo-first-order model since its calculated and experimental values are quite 

close and its  R2 values are close to unity (R2 1). The pseudo-second-order kinetic model indicates that Cu (II) 

sorption by MGO was as a result of chemical reaction that involves electrons exchange between the sorbent and 

metal (Chowdhury and Saha 2011). Moreover, the validity of the isotherms can be ascertained with the normalized 

standard deviation obtained from the equation below:   

  
100

1

/
2

expexp
x

n

qqq
q

cal




          (15) 

 

Where qcal and qexp are the calculated and experimental amounts of copper ions adsorbed on the MGO and n is the 

number of experiments. The low values of ∆q are indications that the pseudo-second order model is preferred for 

describing the kinetics of adsorption of copper on MGO. 
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Table 3 Isotherm parameters for the sorption of copper unto modified Globimetula oreophila 

Langmuir Temkin D-R Freundlich 

Xo = 18.5 mg/g f = 677.4 qm = 8.78 KF = 1.69 

c = 0.0912 A = 1.06 β = 0.001 n = 1.33 

RH = 0.0988 R2 = 0.96 E = 22.4 R2 = 0.99 

R2 = 0.73   R2 = 0.98   

 

Equilibrium isotherms for describing adsorption 

Langmuir model 

The Langmuir isotherms surmises that sorption occurs at definite homogeneous positions on the sorbent surface, 

meaning once a dye molecule fills a binding site, further sorption cannot take place at that site. Langmuir isotherm is 

widely used to explain the adsorption process and is mathematically given as 

e

ooe

e C
QbQq

C 11


               (4) 

 

where qe is the equilibrium concentration of copper per unit mass of sorbent (mgg-1), Qo is the highest amount of 

copper adsorbed per unit mass of sorbent, (mgg-1), b is Langmuir constant (L/ mg).  

The appropriateness of the sorbent for the adsorbate can be presented using the Hall separation factor (RH, 

dimensionless) (Webber and Chakkravorti, 1974) 

)1(

1

o

H
C

R


              (5)  

RH value determined as expressed in Table 3 indicates that the sorption of copper unto MGO was favourable since 

its value (RL = 0.0988 ) is between 0 and 1.  

The Temkin isotherm model (Temkin, 1940) assumes that the reduction in the heat of sorption as a function of 

temperature is linear and is expressed as: 

 

ee CUAUq lnln           (6) 

and 
f

RT
U                   (7) 

The temperature is T in K while R is the gas constant in Jmol-1K-1.  The constant f is related to the heat of sorption, 

A (Lmol-1) is a constant related to the highest binding energy (Tong et al.  2011). The graph of qe against lnCe 

(Figure 10b) enabled the determination of the constants A as presented in Table 3. 

 



 

 

 

 

Fig. 10 (a) Langmuir and (b) Temkin isotherms for the sorption of copper onto modified Globimetula 

oreophila 

The Dubinin–Radushkevich (D–R) isotherm is employed to evaluate the characteristic porosity of adsorbent 

especially of carbonaceous material and the mean free energy of adsorption. The equation is given by 

2

1
1lnlnln 


















e

e
C

RTqq              (8) 

 

Fig. 11 (a) Dubinin–Radushkevich (D–R) and (b) Freundlich isotherms for the sorption of copper onto 

modified Globimetula oreophila 
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Where qe is the concentration of copper adsorbed at equilibrium, β is a constant representing the adsorption energy, 

qx is the maximum sorption capacity, ε is the Polanyi potential, and is given as  











eC
RT

1
1ln                (9) 

The straight line expression for eq. (8) is, 

lnqe = lnq− βε2                           (10) 

Table 3 presents the values of q, β and R2 for the graph of qe against ε2. The β and q values were determined from 

the intercept and slope of the plots respectively (Figure 11a). 

The mean free energy of sorption, E, was obtained from the expression 

2/1E                           (11)  

The value of E obtained was 22.4 kJ/mol. This value of the free energy of adsorption of copper unto MGO suggests 

that the mechanism of the adsorption was physisorption process. 

Freundlich expression is based on adsorption onto a heterogeneous surface and comprises   multilayer formation. 

The linear expression for the Freundlich isotherm is given as 

eFe C
n

Kq log
1

loglog               (12) 

Where KF and n are Freundlich constants which measure the relative uptake capacity of the adsorbent and indicates 

the favorability of the adsorption process respectively. The Freundlich constant (n = 1.33) is greater than 1 which 

indicates the adsorption process was favorable while the correlation factor (R2 = 0.99 obtained from Figure 11b) 

shows a good fit. Freundlich isotherm (R2 = 0.99) was the best of the four in describing the adsorption process of 

copper onto MGO followed by the Dubinin–Radushkevich (R2 = 0.98). 

Temperature effect 

Temperature has significant effect on the sorption process. Temperature effect shows that a rise in temperature 

resulted in the lowering of the adsorption capacity of Globimetula oreophila as presented in Figure 12. As the 

temperature becomes higher, the adsorption capacity slightly decreases. This is because the active sites on the 

surface of the sorbent is altered and reduced leading to the copper being leached into the solution. In addition at  

higher temperature, the copper molecule is separated from the surface of the adsorbent  (Bermudez et al. 2012). 

Thermodynamic effect 

Thermodynamic parameters related to the sorption process can be derived by the calculation of the core 

thermodynamic characteristics such as Gibbs free energy (ΔG, kJmol-1), enthalpy change (ΔH, kJmol-1), and entropy 

change (ΔS, Jmol-1K-1) (Jung et al. 2017) using the equations below: 

            

ΔG = -RTlnK                     (16) 

e

e

q

C
K ln                 (17) 

R

S

RT

H
K





ln               (18) 

 

 

 



 

 

Table 4 Thermodynamic parameters for the sorption of copper on RGO 

Temperature (K) ΔG(kJ/mol) ΔS(J/molK) ΔH(kJ/mol) 

303 -1.66     150.5 44.0 

308 -2.41   

313 -3.17   

323 -4.67   

 

The change in free energy, ΔG, at different temperatures was obtained from equation 16 while the change in 

enthalpy ΔH and the entropy change ΔS were obtained from the van’t Hoff plot of lnK against 1/T (Figure 13). It is 

clear from Table 4 that the adsorption of copper on MGO is endothermic, feasible and spontaneous as reported in 

the positive values of ΔH and the negative values of ΔG respectively. In addition, entropy positive values ΔS 
indicate increase in entropy during the adsorption process.  

 

 

Fig. 12 Effect of temperature on the sorption of copper by modified Globimetula oreophila 

Table 5   Sorption capacities of diverse adsorbents for copper  

Adsorbent   Adsorption capacity (mg/g) Reference    

Untreated Senna alata 

 

2.44 

 

[4]Ajaelu et al. 2017 

Citric acid modified Senna alata 23.8 

 

[4]Ajaelu et al. 2017 

Rubber leave powder 

 

9.07 

 

[35]Obanla et al. 2021 

Natural Mouka smectite 

 

26.6 

 

Langama et al. 2021 

Kolanut shell activated carbon 

 

36.6 

 

Langama et al. 2021 

Waste rubber tyres 
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Fig. 13 Thermodynamic fitting for the sorption of copper by modified Globimetula oreophila 

 Sorption capacities of diverse adsorbents 

The sorption capacities of diverse adsorbents for copper are presented in Table 5. The sorption capacities of some 

adsorbents such as Citric acid modified Senna alata, Natural Mouka smectite and Kolanut shell activated carbon 

have higher adsorption capacity than that of modified Globimetula oreophila. Rubber leave powder, untreated Senna 

alata as well as Waste rubber tyres have lower adsorption capacity compared to modified Globimetula oreophila. 

Modified Globimetula oreophila is a good adsorbent for adsorbing copper. 

 

Conclusion 

This study presented the adsorption of copper using citric acid modified Globimetula oreophila. The adsorption was 

dependent on pH, point of zero charge, initial metal concentration, sorbent dose, contact time and temperature effect. 

The optimum pH was 5.2. The sorption capacity reduced with elevation of the initial copper concentration. The 

percentage sorption capacity is elevated with increase in adsorbent dosage. Effect of contact time revealed that in 15 

minutes, 93% of the adsorption capacity was achieved. Kinetic studies shows that the sorption process was second 

order. Thermodynamic parameters obtained for the adsorbents are responsible for the feasibility, spontaneity, and 

endothermic nature of the adsorption process at each concentration. This study revealed that citric acid modified 

Globimetula oreophila is a potential adsorbent for the removal of copper from aqueous solution. 
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