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ABSTRACT 

 

The co-precipitation method used to prepare CuO to be used as an adsorbent 

for methylene blue (MB) dye. Hence pure CuO has very low affinity twards MB, we 

amid to modifided it with congo red (CR) dye to enhance its capacity for MB. 

CuO/CR charaterized by XRD, SEM-EDS and IR spectroscopy and used for the 

adsorption of MB dye in the range of pH from 3 to 9. We studied several adsorption 

parameters such the effect of dye initial concentraions, contact time and temperature. 

Nonlinear regression of pseudo-first order, pseudo-second order and Elovich models 

used to calculate the kinetic parameters of the adsorption process. Also, the nonlinear 

forms of Langmiur, Frendluich, Temkin and Dubinin-Radushkevich (D-R) used to 

study the adsorption isotherm. Three functions of error analysis, the sum of the 

squares of the errors (SSE), Chi-square analysis and the coefficient of determination 

(R2) used to determine the best fit model. Thermodynamic parameters ΔS°, ΔH° and 

ΔG° investigated at different temperatures (283 to 303°K). 
 

Keywords: CuO/CR, Congo Red, Nonlinear regression, kinetics and thermodynamics, 

Adsorption isotherms. 

 
1.  INTRODUCTION 

 

Presence of many pollutants in the water and wastewater has increased recently due 

to industry’s development becomes faster and faster. Dyes are one of these pollutants which 

widely used in textiles, plastics, paper, cosmetics, pulp manufacture, tanning, pharmaceuticals 

and food processing industries1. It is estimated that more than 7×105 to 1×106 tons of dyes are 

produced annually2 with 2% of the dyes produced are discharged directly into the ecosystem, 

http://www.chemistry-journal.org/
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and 10% of the total dyes are subsequently lost during the coloration process3. Most of azo 

dyes and their intermediates have toxic effects on environment and human health due to their 

carcinogenicity and visibility4. The colour is the first contaminant to be recognized in 

wastewater. The presence of even very small amounts of dyes in water less than 1ppm for 

some dyes is highly visible and undesirable5. Also color substances in the water body may 

decrease the light transmission which decreasing the photosynthesis activity, leading to 

decrease growth of bacteria and hence decreasing the biodegradation of impurities in water6. 

Methylene blue (MB) is a cationic dye that has been extensively used in coloring paper and 

dying cotton, wood and silk. Although MB is not considered to be a very toxic dye. Acute 

exposure to MB will cause increased heart rate, vomiting, shock, Heinz body formation, 

cyanosis, jaundice and quadriplegia and tissue necrosis in humans7, 8. To purify wastewater 

contaminated by MB, several physical and chemical techniques including adsorption9, 

photodegradation10, coagulation/flocculation11, ozonation, membrane filtration and biological 

treatment have been employed. Amongst these techniques of dye removal, adsorption is the 

procedure of choice and found to be superior to other techniques due to its simple operation, 

high efficiency, low cost and convenience. Various adsorbents, such as activated carbon, 

graphene oxide, carbon nanotubes12, Miswak Leaves9, tea waste13, metal oxides14 are used. In 

the present study, copper oxide has been used as an adsorbent for the removal of MB from its 

aqueous solution. The adsorption of MB was found to be poor by pure CuO. We suggested to 

coat CuO by anionic congo red (CR) dye which called CuO/CR to be used as an adsorbent. In 

addition, several parameters were investigated such as contact time, initial concentration of 

MB dye and temperature. Furthermore, adsorption isotherm, kinetics and thermodynamics of 

the adsorption process were studied. 

 

2. EXPERIMENT 
 

2.1 Chemicals 
 

Congo red (Fig.1a) an anionic dye (C32H22N6Na2O6S2 and Molar Mass as 696.7gmol-1) 

used in the present work and copper sulphate pentahydrate were purchased from LOBA 

Chemie Company, India. Methylene blue (Fig.1b) a cationic dye (C16H18N3SCl and Molar 

Mass of 319.85 gmol-1) was purchased from Oxford laboratory reagent Co. Sodium hydroxide 

were purchased from the Biotech laboratory chemicals company. Ethyl alcohol was purchased 

from ADWIC Company. Dilute solutions of HNO3 and NaOH were prepared to control the 

pH during the experiments. 
 

 
Fig. 1. Chemical Structure of (a) Congo Red dye and (b) Methylene blue dye. 

 

https://en.wikipedia.org/wiki/Carbon
https://en.wikipedia.org/wiki/Hydrogen
https://en.wikipedia.org/wiki/Nitrogen
https://en.wikipedia.org/wiki/Sulfur
https://en.wikipedia.org/wiki/Sulfur
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2.2  Preparation of CuO nanoparticles (Adsorbent) 
 

CuO prepared by coperciptation method, in which a solution of 6 mmol of 

CuSO4.5H2O prepared in a beaker and a solution of 20 mmol of NaOH were prepared in 

another beaker. Then NaOH solution was added drop wise to CuSO4.5H2O solution with 

stirring until complete precipitation. The obtained blue precipitate was kept at 70 C for 15 hr. 

The precipitate of CuO cooled to room temperature and washed several times with (70: 30% 

water : ethanol) solution then dried at 70 oC for 10 hr before use in the adsorption experiments. 
 

2.3  Coating CuO nanoparticles by congo red dye (CuO/CR) 
 

In this experiment 300 mg of CuO was suspended in a 200 mL solution of congo red 

with a concentration of 200 mg/L and stirred for 4.0 hr at pH 3 and temperature of 303 K. The 

samples were then centrifuged to collect the solids and dried at 45 °C for 12 hr.  
 

2.4  Characterization of CuO and CuO/CR nanoparticles 
 

Scanning electron microscopy/Energy-dispersive X-ray spectroscopy employed to 

analyze the size, morphology and structures of the CuO and CuO/CR nanoparticles. The 

elemental analysis of both CuO and CuO/CR performed by SEM-EDS using ZAF method 

standardless quantitative analysis15. The crystal structure of CuO and CuO/CR investigated by 

X-ray diffraction (XRD) using = 0.1542 nm and 2 values started from 10 to 80. In 

addition, the analysis of structural properties of CuO and CuO/CR obtained by a Shimadzu 

FTIR spectrometer (from 400 to 4000 cm-1) at room temperature. pH values measured by a 

pH meter (HANNA). Perkin Elmer Lambda 35, UV–vis spectrophotometer used for 

determining [MB] and [CR] samples employing the standard calibration curve of MB and CR 

at λ max of wavelengths 664 nm and 495 nm, respectively. 
 

2.5  Uptake Procedures  
 

The uptake of MB by the surface of CuO and /or CuO/CR (as an adsorbent) performed 

with a specific step. Known amount (1g) of each of MB and CR dyes were dissolved in 1L of 

H2O to prepare their stock solutions which used for preparing the standard calibration curves 

and carry out adsorption experiments using the specific mass of CuO and/or CuO/CR. During 

the batch experiments, sample solutions added to a small glassware and stirred using a digital 

magnetic stirrer (120 rpm) at room temperature and at a fixed pH. At the end of each 

experiment, CuO and/or CuO/CR powders separated from the solution by using a centrifuge. 

To investigate the importance of coating process, set of experiments performed for the 

adsorption of MB alone (single system) by both pure CuO and CuO/CR. Several parameters 

such as initial MB concentration ([B]0 = 50 to 200 mg/L), effect of pH (3-9) and the effect of 

temperature (from 283 to 303°K ) on the adsorption of MB studied in similar way. 
  

2.6  Analytical Methods  
 

UV-vis spectrophotometer used to find the concentrations of CR and MB samples 

based on using calibration curves. Tthe amount of MB sorbed by CuO and/or CuO/CR, qt 

(mg/g) determined from;  
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qt =  (C0 − Ct)
V

W
                                 (1) 

At equilibrium, qt =  qe and Ct =  Ce; the amount of sorbed MB dye at equilibrium (qe) 

calculated as:  

qe =  
V(C0 −Ce)

W
                                   (2) 

where C0, Ct and Ce are concentration (mg/L) before starting the experiment, concentration 

during the experiment and equilibrium concentrations of MB dye and/or CR dye. Solution 

volume is V (L) and CuO and/or CuO/CR mass is W(g). The removal percentage of MB and 

CR can be calculated as follows: 

Removal % =  
(C0 −Ct)

C0
x 100                        (3) 

 

2.7  Adsorption kinetics 
 

The rate of MB removal and the efficiency of the adsorption process can be 

investigated by kinetic study through different non-linear models. Table (1) represented the 

non-linear forms of pseudo-first order16, pseudo-second order and Elovich equation17-19 which 

were used in the current study.  
 

Table.1. non-linear forms of kinetic models 
 

Kinetic equation Non-linear form 

Pseudo-first order qt =  qe(1 − e−k1t)          (4) 

Pseudo-second order qt =  
k2qe

2t

1 + k2qet
             (5) 

Elovich equation qt =  
1

β
ln (1 +  αβt)          (6) 

 

where, t (min), k1(1/min), and k2(g/mg min) are the time and adsorption rate constants of first- 

and second-order respectively. Also, qt and qe are represented the amount of MB adsorbed 

onto CuO/CR (mg/g) at any time (t) and at equilibrium respectively, α and β are the initial rate 

(mg/g.min) of adsorption of MB onto CuO/CR, and the adesorption constant (g/mg) 

respectively. 
 

2.8  Adsorption isotherm 
 

The linear forms of four different adsorption isotherm equations were used to describe 

the equilibrium data. These equations are Langmuir20, Freundlich21, 22, Temkin23, 24 and 

Dubinin-Radushkevich (D-R). The parameters of those equations can describe both the surface 

properties and the affinity of the adsorbent CuO/CR to the adsorbate MB.  
 

3.  RESULTS AND DISCUSSION 
 

3.1  Characterization of CuO and CuO/CR nanoparticles 
 

SEM-EDS was used to provide a highly magnified image (surface morphology) of 

CuO and CuO/CR as shown in Figure 2(a-f) along with analyzing the main elements (Table 2). 
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The image of CuO (Figure 2a-2b) shows the presence of accumulated nano plate and relatively 

high number of pours along with aggregate of particles without any specific morphology. 

However, the surface of CuO/CR (Figure 2d-2e) has a different morphology and contains a 

number of pours and a surface roughness less than the surface of CuO. In addition, the pores 

on the surface of CuO/CR appear as a dark spots may be due to its filling by the CR dye 

molucules. Therefore, presence of the negative charge of the anionic CR- dye on the surface 

of CuO which led to changing its morphology, may enhance the adsorption rate of cationic 

(MB+) dye. Although the previous studies showed that the adsorption rate increases with 

increasing the number of porosity and the average of pore size, presence of pours on the surface 

of most adsorbents increases the adsorption25. Presence of CR dye onto the surface of CuO as 

CuO/CR will change its morphology and produce a negative charge which may also enhance 

the adsorption of a cationic dyes such as MB dye. This hypothesis is proved by increasing the 

maximum capacity of MB onto CuO/CR five times more than pure CuO, as will be discussed 

later. Similar results were reported26. Furthermore, calculating the area under the peak in EDS 

spectrum, allows to determine the atomic and weight percent of the elements in CuO (Figure 

2d) and CuO/CR (Figure 2f) samples. The results indicated that the main elements were copper 

and oxygen in pure CuO sample. While, coating pure CuO by CR dye resulted in presenceof 

its main elements such as carbon, sulfur, nitrogen along with copper and oxygen with different 

percent composition as shown in Table (2).  
 

 
 

Fig. 2 SEM and EDS images: (a, b) SEM of pure CuO, and (d, e) SEM for CuO/CR. (c) EDS of CuO,  

(f) EDS of CuO/CR. 

        

Fig. 2 SEM and E 
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Table 2 Mass % and atomic % of main surface elements in ZnO and ZnO/CR samples as 

calculated from SEM-EDS spectrum. 

 

Element CuO CuO/CR 

 Mass % Atomic % Mass % Atomic % 

Cu 89.72 68.73 83.68 54.93 

O 10.28 31.27 11.96 31.18 

S 0.0 0.0 0.48 0.63 

C 

N 

0.0 

0.0 

0.0 

0.0 

3.44 

0.44 

11.94 

1.32 

 

To investigate the crystalline phase and purity of as synthesized CuO/CR, XRD 

analysis was performed for both pure CuO and CuO/CRand shown in Figure 3. The results 

show a diffraction peaks appear at 32.5, 35.41,35.54, 38.7,38.9, 46.25, 48.71, 53.48, 

58.26, 61.52, 66.22 and 68.12 for both CuO and CuO/CR. It is clear that this pattern is in 

high agreement with the phase of standard CuO (JCPDS Card No.05-661), which is a 

monoclinic structure (space group: C2/c (15) with lattice planes (hkl) as:(110), (002),(111), 

(111), (200), (112), (202), (020), (202), (113), (311) and (220), respectively. The cell 

parameters of the sample are a = 4.688 A
ͦ
, b = 3.4229 A

ͦ
, and c = 5.1319 A

ͦ
. Furthermore, there 

was no detection for any peaks arising from the unreacted reactants (Cu or Cu(OH)2) or other 

impurities or CuO in different phases which confirmed the high purity of the synthesized CuO 

in this method. In addition, there was no big difference between XRD of both CuO and 

CuO/CR except the intensity of the peaks, where CuO have strongest peaks than that of 

CuO/CR which indicated the higher crystallinity of that of CuO than CuO/CR27. The following 

Debye-Scherrer equation was used to calculate the average crystallite size of CuO/CR sample: 
 

Dkhl =   
k λ

βkhl cos θkhl
                                    (7) 

 

where, Dkhl is the crystallite size perpendicular to the normal line of (hkl) plane, K is a constant 

(K= 0.94), θkhlis the Bragg angle of (hkl) peak (which is half the angle between the incident 

and scattered X-ray), λ is the X-ray wavelength used (1.5406A
ͦ
) and β is FWHM in radiance 

if CuO/CR crystal assumed to be spherical (β = (FWHM x 3.14)/180)).The results of calculated 

particle size (D) of CuO/CR was found to be in the range from 1.8 to 3.18 nm with an average 

of 2.2nm. Figure 4 shows the typical FTIR spectra of CR, CuO, CuO/CR, MB and 

CuO/CR/MB to proof the coating process of CuO by CR and to investigate the chemical 

composition of as synthesized CuO/CR nanoparticles. The results show that the main bands 

appeared in the spectrum of the uncoated CuO and CuO/CR samples are a broad band in the 

region of 2971 - 3663 cm-1 which can be explained as a stretching mode of O-H of residual 

physisorbed water molecules on both samples. Also, the band at around 601,508 and 487 cm-1, 

which can be assigned to the vibrations of Cu(II)-O bonds28. There is sharp peak observed at 

601cm-1 in the spectrum CuO nanoparticles which is the characteristics of Cu-O bond 

formation29. 
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Fig. 3 XRD pattern of CuO/CR and pure CuO adsorbent. 

 

On the other hand, FTIR spectra of cong red (CR) alone showed a characteristic bands 

for the dye such as the bands at 644 cm-1 for C–C bending vibrations, 695 cm−1 for C–H 

stretching vibrations for disubstituted aromatic compound, 1230 cm-1 and 1062 cm-1for SO3-1 

and S=O stretching vibrations of sulfonic acid respectively, 1356 cm-1 for C–N bending 

vibrations, 1446 cm-1 for aromatic C=C stretching vibrations, 1585 cm−1 for N=N stretching 

vibrations, and 3441 cm−1 for N–H stretching vibrations of primary amine30. The results 

showed a decrease in the intensity of all the characteristic bands of the CR dye which conforms 

the coating process of pure CuO by CR dye was successful forming CuO/CR. On the other 

hand, FTIR spectra of MB dye (Figure 4),before adsorption, showed a characteristic bands at 

3426 cm-1 (O-H), 1602 cm-1 (ring stretch), 1352 cm-1 (symmetric stretch of C-N) and 1143 cm-

1 (stretching vibration of C-C). The high decrease in most of the characterstic bands of MB 

dye without changing in their position after adsorption is an evidence for the adsorption of MB 

onto CuO/CR. The decrease in the intensity of the characteristic bands of the dye were also 

observed during the adsorption of congo red and MB to different adsorbents31. 
 

3.2  Adsorption of MB dye onto pure CuO and CuO/CR nanoparticles 
 

The adsorption of MB by pure (uncoated) CuO investigated through batch adsorption 

experiments with initial concentration of MB as 150 mg/L and 1.5 g/L dosages of pure CuO 

at 303K. We observed that the rate of adsorption was minimal within the pH range from 3 to 7 

as shown in Figure 5a. 

 
Fig. 4 FTIR Spectra for CuO, CuO/CR and Congo Red dye. 
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Although in basic medium (from pH 8 to 11) the adsorption rate of MB started to 

increase, it was slow, hence only 25.48% of MB removed at a pH11. Furthermore, the 

experimental maximum adsorption capacity (𝑞𝑒𝑥𝑝) of MB onto pure CuO at 60 min was about 

9.07 mg/g.  At that point, the surface charge of pure CuO was investigated by studying the 

point of zero charge (pzc) to explain the low adsorption rate of MB onto uncoated CuO. As 

shown in Figure 5c, the pzc of uncoated CuO is 6.4 which means that the surface of CuO 

carrying a positive charge below pH 6.4 and carrying a negative charge above pH 6.4. The 

ionization of MB dye in aqueous solution produces a positively charged cationic (MB+). In 

acidic solution, where the surface of CuO is positive, H+ ions compete with MB dye+ for 

adsorption sites and led to a minimal adsorption of MB onto uncoated CuO. Also, experiments 

were performed in basic medium (pH 8 to 11), where the surface of CuO is more negative, to 

enhance the adsorption of MB+. We found that increasing the negative charge on the surface 

of uncoated CuO by increasing the pH value in the basic medium (Figure 5a), resulted in a 

minor enhancement in the rate with a maximum removal of 25.48% in 60 min. This result 

indicated that the pure CuO nanoparticle is less effective adsorbent for cationic dyes such as 

MB. Therefore, coating the pure CuO with a substance that carrying a permanent negative 

charge such as an anionic congo red dye (CR-) would produce CuO/CR. The surface of 

CuO/CR may carry a negative charge along with changing its morphology (as shown in Figure 

2) would enhance its the adsorption rate for a cationic (MB+). In addition, presence of CR- 

onto the surface of CuO will act as a Lewis acid, which can interact with a Lewis base such as 

a cationic MB dye (MB+). A set of experiments performed to predict the role of CuO/CR on 

enhancing the rate of adsorption of MB. The data in Figure 5a showed that CuO/CR 

dramatically enhanced the adsorption rate of the MB+ in both acidic and basic medium. The 

% removal of the MB dye reached from 96.89% to 98% at pH from 5 to 9 with a value of 𝑞𝑚 

as 45.68 mg/g which is higher than the value of qm (9.07 mg/g) by pure CuO (Figure 5b) in 

the same time (60 min). Thus the coating process of CuO by CR increases the adsorption rate 

of MB by more than 5 times and minimized the effect of start pH on the disappear of MB. This 

is a useful property from the point view of the wastewater treatment applications as to avoid 

an extra costly process for adjusting the pH of the solution. In addition, CuO/CR became more 

stable than pure CuO in both acidic and alkaline medium, which it is an improvement in its 

properties. 

 
Fig. 5. (a) Effect of pH on the adsorption of MB onto CuO/CR and pure CuO, [MB]0 = 50 mg/L, 

(b) comparison between CuO/CR and pure CuO for the adsorption of MB, pH = 9, [MB]0 = 150 mg/L  

(T = 303 °K, time = 60 min, V = 0.010 L, dosage = 1.5 g/L,) and (c) The point of zero charge of CuO. 
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3.3  Effect of initial concentration and contact time on the adsorption of MB onto CuO/CR. 
 

The uptake process of an adsorbate from the solution by the surface of an adsorbent 

would be highly affected by both the contact time and the concentration of the adsorbate 

(which acts as a driving force)32. Thus, in this experiment we investigated the influence of the 

two mentioned parameters on the uptake of MB onto CuO/CR. The effect of initial 

concentration of MB (50 - 200 mg/L) was determined under conditions of pH 9, 1.5g/L dose 

of CuO/CR, temperature of 303 K and time of 3 hr. The results in Figure 6a indicated that the 

adsorbed amount of MB dye (𝑞𝑡) was increased from 30.8 to 48.1 mg/g by increasing the 

initial concentrations from 50 to 200 mg/L respectively. Also, the removal efficiency, it 

decreased from 95% to 35.8% as the initial MB concentration increased from 50 to 200 mg 

L−1. At constant adsorbent dosage and higher initial dye concentrations, the available 

adsorption sites of adsorbent became fewer, therefore a decrease in the removal efficiency 

occurs but at constant adsorbent dosage and lower initial dye concentrations, the available 

adsorption sites of adsorbent became higher, therefore an increase in the removal efficiency 

occurs33. Hence the dye removal percentage is dependent of initial dye concentration. 

Furthermore, the influence of the contact time was investigated at different concentrations (50, 

75, 100, 150 and 200 °C). It is observed in Figure 6b that the dye uptake is rapid for the first 

7 min and thereafter proceeds at a slower rate and finally attains equilibrium. As it can be seen, 

the removal percentage of MB improves by increasing contact time. About 95.6% of initial 

[MB] = 50 ppm was removed in the first 2.0 min, then the removal rate decreased, and an 

apparent equilibrium was reached after 15–30 min depending on the initial concentration of 

MB. The high removal rate at the start of the contact time was due to the availability of more 

number of active sites on the adsorbent surface, but at higher time due to probable saturation 

of adsorbents surface lead to decrease in the concentration gradient and gradual decrease in 

the adsorption rate34. It can be concluded that the rate of the removal of the MB by CuO/CR 

powder depends on both the contact time and its initial concentration. 
 

3.4  Adsorption Kinetics 
 

Different kinetic models such as pseudo first-order, pseudo second-order and Elovich 

equation were used to study the kinetics of adsorption of MB onto CuO/CR powder at different 

concentrations (50, 75,100 and 150 mg/L). The method of nonlinear regression was used to 

treat the experimental results of the dye uptake (𝑞𝑡) versus time. 

 
Fig.6 Effect of (a) initial [MB] (50-200mg/L) and (b) contact time at different concentration (50, 75, 100, 150 

and 200 mg/L) on the adsorption of MB onto CuO/CR at T = 303 °K, pHi = 9 and dosage = 1.5 g/L. 
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3.4.1  Pseudo First-order Equation 

 

The nonlinear form of pseudo first-order (equation 4) applied to the adsorption data 

of MB onto CuO/CR, hence the adsorption rate is proportional to its initial concentration. A 

set of adsorption experiments performed at different concentrations (50, 75, 100 and 150 

mg/L) to calculate 𝑘1 and 𝑞𝑒 a long with the corresponding correlation coefficients (𝑅2) as 

shown in Table 2. The results Figure 7a indicated that the adsorption data were well 

represented by Lagergren's pseudo first-order model with 𝑅2 ≥ 0.970 for all initial MB 

concentrations. Furthermore, there was a good agreement between the experimental and 

calculated values of 𝑞𝑒.  

 

3.4.2  Pseudo-Second Order Equation 

 

The adsorption data of MB onto CuO/CR were further analyzed by the nonlinear form 

of pseudo-second order model (equation 5). The results in Figure 7b show very high values of 

𝑅2 ≥ 0.993 for all initial MB concentrations studied. In addition to a good agreement between 

experimental and calculated values of 𝑞𝑒. It is clearly indicated that the adsorption of MB dye 

onto CuO/CR is greatly represented by the pseudo second-order kinetics in addition to pseudo 

first-order model35. 

 

 
 

Fig. 7 (a) pseudo-first-order, (b) pseudo-second-order and (c) Elovich kinetics for the adsorption of MB dye 

onto CuO/CR powder at different concentration (50, 75, 100 and 150 mg/L), Time = 60 min, T. = 303°K,  

pHi = 9, V =0.010 L, CuO/CR dosage = 1.5 g/L,). 

 

Table 3: Adsorption kinetic parameters for the adsorption of MB onto CuO/CR at different 

concentrations (50, 75, 100 and 150 mg/L, time = 60 min, T = 303 °K, pHi = 9, V = 0.010 L,  

dosage = 1.5 g/L,). 
 

    Pseudo-first-order   Pseudo-second-order   Elovich Model 

Ci qe. exp qe (calc.) K1 

R2 

 qe (calc.) K2 

R2 

 
β   

g/mg 

α 

R2 
(mg/l) (mg/g) (mg/g) (min−1) 

 
(mg/g) (gm/g.min)  

mg/ 

g.min 

50 30.88 31.335 2.1265 0.99988  31.407 0.87925 0.99995  3.3407 4.22E+43 0.9976 

75 36.9 38.27 1.3978 0.99329  39.001 0.12818 0.99772  0.93593 2.26E+14 0.9958 

100 41.35 42.636 1.49145 0.9967  43.195 0.15891 0.99876  1.2107 1.11E+21 0.99903 

150 47.22 43.1245 0.60039 0.97052  45.5 0.02497 0.99391  0.27289 20727.8 0.9896 
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3.4.3  The Elovich Kinetics model. 
 

The results in Figure 7c, show the analysis of the adsorption data of MB onto CuO/CR 

by the nonlinear form of Elovich kinetic model (equation 6). The values of adsorption 

constants (α and β) along with the correlation coefficient (𝑅2) are recorded in Table (2). Based 

on the high value of 𝑅2 ≥ 0.989, the adsorption of MB onto CuO/CR is fitting very well to the 

Elovich kinetic model. Based on the best-fitting and the values of R2, it can be concluded that 

the kinetics of the adsorption of MB onto CuO/CR followed the order of pseudo-second-order 

kinetic mode ˃ Elovich kinetic model > pseudo first-order kinetic mode. 
 

3.4.4  Intraparticle Diffusion Study 
 

As previously reported36, the external film diffusion, the internal particle diffusion or 

both processes can be used to describe the rate of adsorption of the MB dye onto CuO/CR. 

External film diffusion includes the migration of MB species into the external surface of 

CuO/CR. While the internal particle diffusion includes the migration of the MB species from 

the external surface to the internal surface of the pores of CuO/CR. To investigate the 

mechanism of the uptake process of the MB onto CuO/CR, intra-particle diffusion (equation 

8) was used for the treatment of the data.  

𝑞𝑡 =  𝐾𝑖𝑑√𝑡 + 𝐶                            (8) 

where, K𝑖𝑑(mg/g.min-1/2) is the diffusion rate constant for the intraparticle and C (mg g-1) is a 

constant which used as a reflection for boundary layer thickness37, 38. Both values of K𝑖𝑑 and 

C are calculated by drawing the results of 𝑞𝑡 against 𝑡1/2 as shown in Figure 8. The data did 

not show clear linearity during the uptake period of the MB and the first stage was absent 

which finished in less than 2 min. This first stage is attributed to the fast external mass transfer 

of MB from the bulk solution to CuO/CR surface. Hence the adsorption experiments done 

under vigorous stirring, the mass transfer step to CuO/CR surface will be very fast and cannot 

be the rate-determining step39. The intra-particle diffusion (second stage) started after 2 min 

and finished at 15 min. Then the equilibrium stage started after 15 min up to 60 min. The rate 

determining step is the intra-particle diffusion, if the plot of 𝑞𝑡 versus 𝑡1/2 has a good linearity 

and passes through the origin, otherwise film diffusion is the controlled step39. Plots of 𝑞𝑡 

versus 𝑡1/2 at different concentrations (Figure 8) neither linear nor passing through the origin 

which showed that the rate of the adsorption of MB onto CuO/CR is complex process (involved 

more than one process). Also, the rate-determining step is not the intra-particle diffusion. 

 
Fig. 8 Intra-particle diffusion for the adsorption of MB onto CuO/CR at different concentrations([MB]0 = 

50, 75, 100, 150 mg/L, time = 60 min, T = 303 °K, pHi = 9, V = 0.010 L, CuO/CR dosage = 1.5 g/L,). 
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3.5  Adsorption isotherm of MB dye onto CuO/CR  
 

To investigate the adsorption isotherm of MB dye onto CuO/CR, we used the 

nonlinear equations of Langmuir, Freundlich, Temkin and Dubinin-Radushkevich model as 

shown in Table 4. 
 

Table 4: The nonlinear form of two parameters adsorption isotherm models 
 

Model Non-linear form 

Langmuir 
qe =

qm. 𝐾𝐿.C𝑒

1 +  KLCe

         (9) 

Freundlich qe =  KF C𝑒
1/𝑛

          (10) 

Temkin qe =  B𝑇 . ln(K𝑇 . 𝐶𝑒)      (11) 

Dubnin-Radushkvich qe =  q𝑆 . 𝑒−(𝐵𝜀2)         (12) 

Where 𝑞𝑚 (mg/g,) is the maximum capacity, 𝑘𝐿 (L/mg,) is a Langmuir constant, KF (L/mg), 

 
1

𝑛
  are Freundlich constants, BT, KT(L/g) are Temkin constant, β is D-R constant, qs (mg/g) 

the theoretical saturation capacity and ε = RT ln(1+1/Ce) is the Polanyi potential.  

A monolayer of the adsorbate will form over the surface of the adsorbent, when the 

adsorption data follow Langmuir model.  The data of the uptake of the MB onto CuO/CR 

(Figure 9) did not fit well with the model of Langmuir-I (equation 9) as indicated by the low 

value of 𝑅2 = 0.960 along with the high values of both SSE and Chi-square (Table5). However, 

there was an agreement between the experimental and calculated value of q𝑚 from Langmuir 

as 45.38 mg/g. This results may attributed to the heterogeneity of the surface of CuO/CR which 

may not have sites of similar energy and will not allow the formation of a monolayer. This 

finding was confirmed by treating the adsorption data of MB onto CuO/CR with Freundlich 

model (equation 10). The results in Figure 9 and Table 5 indicated that the adsorption process 

followed the Freundlich model very well as confirmed by the very high value of 𝑅2 = 0.995 

along with the low values of both SSE and Chi-square. The values of 𝐾𝐹 (Freundlich constant) 

and 
1

𝑛
 (which is related to both the relative distribution of energy and the similarity of the 

adsorbent site) are reported in Table 5. This results indicated that the surface of CuO/CR is a 

heterogeneous which may allow a physical adsorption process of MB dye. In addition, the 

nonlinear form of Temkin model (equation 11) used for analysing the uptake of MB dye onto 

the surface of CuO/CR. 
 

Table 5: Nonlinear and function errors parameters of Langmuir, Freundlich, Temkin and D-R 

constants for the adsorption of MB (T = 303 °K, time = 3 hr, [MB]0 = 50 -200 mg/L, pHi = 9,  

V = 0.010 L, dosage = 1.5 g/L,). 
 

  Langmuir Constants       Freundlich constants   

qm KL R2 SSE Chi-square  KF n 𝑅2 SSE Chi-square 

(mg/g) (L/mg)     (L/mg)      

45.380 0.758 0.960 50.678 12.670   27.431 8.373 0.995 6.514 1.628 

  Temkin constants     D-R constants   

bT KT R2 SSE Chi-square Qs B Ea R2 SSE Chi-square 

  (L/mg)     (mg/g)  (J/mol)     
0.546 276.465 0.994 8.165 2.041 47.560 1.30x10-5 196.116 0.252 958.189 239.547 
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The values of the constants 
1

bT
 (which indicates the intensity of CuO/CR for the 

adsorption of MB), KT and 𝑅2 in addition to SEE and Chi-square values are recorded in Table 

5. Temkin model shows a good agreement with the adsorption data as indicated by high value 

of 𝑅2 = 0.994 along with a relatively low value of both SSE and Chi-square. Also, nonlinear 

form of the D–R isotherm40, 41 was used to treat the adsorption data of MB onto the surface of 

CuO/CR as shown in Figure 9 and Table 5. The D–R isotherm model did not fit very well with 

the adsorption data as confirmed by the very low value of R2 and the very high value of both 

SSE and Chi-square. Overall, the adsorption isotherm of MB onto CuO/CR is following the 

order of Freundlich > Temkin > Langmuir > D-R model. In comparison to other adsorbents, 

CuO/CR is promising material for uptake of the MB from aqueous solutions as shown in   

Table 6. 

 
Fig. 9 Nonlinear form of adsorption isotherm for the adsorption of MB onto CuO/CR (T = 303 °K,   

time = 3.0 hr, [MB]0 = 50-200 mg/L, pHi = 9, V = 0.010 L, CuO/CR dosage = 1.5 g/L,). 
 

Table6: Comparison of the maximum adsorption capacity (qm ) of MB dye onto various 

adsorbents. 

Adsorbent qm (mg/g) Reference 

activated montmorillonite 64.43 [42] 

Copper oxide nanoparticle loaded on activated carbon  10.55 [43] 

activated carbon developed from Ficus carica bast 47.62 [44] 

Chlorella pyrenoidosa(Dry Algal Biomass) 21.3 [45] 

Chlorella pyrenoidosa(Wet Agal Biomass) 20.8 [45] 

activated carbon obtained from the shells of Macore fruit 6.854 [46] 

Charcoal 62.7 [47] 

Activated carbon 9.81 [48] 

CuO/CR 49.50 present study 
 

3.6  Effect of Temperature 
 

The contribution of individual sorption mechanisms such as physisorption, 

chemisorption along with electrostatic attraction to the adsorption process is better 

investigating by studying the influence of the temperature49. Thermodynamic parameters 
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including the change in the standard enthalpy (ΔH), the change in the standard entropy (ΔS) 

and the change in the standard free energy (ΔG) determined for the uptake of the MB onto 

CuO/CR at 283, 293, and 303 °K. Under the experimental conditions which mentioned 

previously, 150 mg/L of the MB dye used to perform the experiments. Van't Hoff isochore 

(equation 13) used to determine the values of ΔH and ΔS. Furthermore, equation 14, used to 

obtain the value of ΔG.   

𝑙𝑛𝐾 =  
∆𝑆°

𝑅
−

∆𝐻°

𝑅
 ∙  

1

𝑇
                                        (13) 

∆𝐺° =  −𝑅𝑇  ln 𝐾𝐶                                                (14) 

𝐾𝐶 =  
𝑞𝑒

𝐶𝑒
                                      (15) 

Where R is the universal gas constant, T is the absolute temperature and 𝐾𝐶 (dimensionless) 

is the standard thermodynamic equilibrium constant. Also, 𝑞𝑒 and 𝐶𝑒 are the amount of the 

MB dye per unit mass of CuO/CR and the concentration of the MB in the solution at the 

equilibrium respectively. Drawing the data according to equation 13 (Figure 10), allows for 

determining the values of ΔH and ΔS. The results in Table7 shows that the Gibbs free energy 

(ΔG) has small and positive values at the range of studied temperatures. Although the value 

of ΔG is positive (non-spontaneous), it is very small indicating that the adsorption process of 

MB onto CuO/CR requires very low energy to proceed. Also, the results show that the value 

of ΔG decreased even more (from 1.453 to 0.463 kJ/mol) with the increase of temperature 

from 283 to 303 °K, This finding is in agreement with previous studies for the adsorption of 

Humic acid onto Pyrophyllie50. Also, the positive values of both ΔH (8.37 kJ/mol) and ΔS 

(0.045 kJ/mol. K) are an indication of the endothermic nature of the uptake process along with 

an increase in the randomness at CuO/CR-solution interface 
 

Table 7: Thermodynamic parameters for adsorption of MB onto CuO/CR at different temperature 

(283, 293 and 303K). 
 

Temp. Kc = (Ci - Ce )/Ce ∆G = -RT ln(Kc) ∆H ∆S 

(K)   (kJ/mol) (kJ/mol) (kJ/molK) 

283 0.539 1.453 15.458 0.049455 

293 0.667 0.988     

303 0.832 0.463     
 

 

Fig. 10 Effect of temperature on the adsorption of MB dye onto CuO/CR powder ([MB]0 = 150 mg/L,  

T = 283, 293 and 303 K, time = 2hr , pHi = 9, V = 0.010 L, adsorbent dosage = 1.5 g/L,). 
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4.  CONCLUSION 

 

In this study, CuO accumulated nanoplates and monoclinic structure prepared by co-

precipitation method. Coating of CuO by CR dye produced CuO/CR which was confirmed by 

SEM-EDS and IR spectroscopy. As-prepared CuO/CR acts as an effective adsorbent for MB 

in the range of pHs from 3 to 9. The % removal of MB was increased from 25.5% with pure 

CuO to 98% with CuO/CR. Adsorption process onto CuO/CR powder was found to depend 

on the contact time and the initial concentration of MB dye. Kinetic study of the adsorption 

process showed that pseudo-second order was the best model to describe the rate of removal 

of MB dye with a very high value of R2 between 0.994-1.00. It was found that the intraparticle 

diffusion was not the rate determining step. The adsorption isotherm of MB onto CuO/CR 

followed the order of Freundlich > Temkin > Langmuir and did not follow D-R model. The 

maximum capacity of MB onto CuO/CR is 45.38 mg/g as obtained from Langmuir model 

which is five times more than pure CuO. In addition, thermodynamic parameters such as ΔG, 

ΔH and ΔS were calculated at different temperatures (283, 293 and 303 °K). Although the 

value of ΔG is positive (non-spontaneous) it is very small and hence requires very low energy 

to proceed. The adsorption mechanism of MB onto CuO/CR surface can be represented by 

physisorption process. 
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