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Abstract 

In this investigation, graphene oxide/magnesium oxide (GO/ 

MgO NCs) Nanocomposite with GO/MgO weight ratio of 1:1 was 

used to removal Congo red dye from aqueous solution in batch 

method. The prepared NCs were characterized using scanning 

electron microscopy, X-ray diffraction, FTIR, Atomic force 

microscope, and Brunauer, Emmett and Teller (BET). The results 

showed that MgO particles were successfully graced on GO. The 

effects of different empiric variables on the Congo red dye 

removal including GO/MgO NCs weight, initial concentration, 

contact time, and pH were investigated. The experimental analysis 

of adsorption isotherms (Langmuir, Freundlich, Dubinin, Temkin) 

indicated that adsorption data were best fit with the Freundlich 

isotherm model. The kinetic adsorption data were best expressed 

by the pseudo-second-order kinetic model. Thermodynamic 

function data such as (ΔHº, ΔGº, ΔSº) of adsorption were 

calculated, which showed the adsorption exothermic process and 

the value of ΔGº was negative and indicated that the process 

happened spontaneously while the value of ΔSº was positive, 

meaning that the movements of dye molecules is unlimited. 

   

Key words: Adsorption, Congo red, GO/MgO NCs, 

Thermodynamic and Kinetic Study  

 

Introduction 

 The influx of dyes in the environment is troubling for both 

toxicological and aesthetical reasons (Farhan et al., 2018; 

Mahmoud et al., 2018). Industry such as plastics, texture, paper, 

lacing, etc. are some of the sources for dye waste water 

(Mahmoud et al., 2019) approaching ten thousand different dyes 

and tincture are produced annually worldwide and used 

extensively within the food, pharmaceutical, textile, cosmetics, 

leather, and printing industries. It is calculable that between ten 

and two hundreds of regarding 7×105 heaps of coloring material 

being factory-made every year and utilized in coloring processes 

are also found in waste material (Soares et al., 2001). Dye waste 

material is usually characterized by high salt and organic content 

and low biodegradation potential. Waste materials containing 

dyes are also carcinogenic and toxic and are a serious danger to 

aquatic organisms (Robinson et al., 2001; Mohan et al., 2002; 

Bakhy 2018). A popular way to treat dye effluents embraces 

surface assimilation (Harja et al., 2011). Surface assimilation is 

growing in quality thanks to its benefits of the straight forward 

operation, low cost, fast treatment, and effectiveness for 

removing low dye concentration of waste streams (Alpat et al., 

2008). The advantages of sorption area unit its clarity of 

operation, low prices (compared to alternative separation 

processes). (Oakes and Dixon 2003; Alseroury 2018). Liquid-

phase adsorption is effectively used for removing dye from 

wastewater. (Wu et al., 1998). Adsorption is a widely-used 

method for treating industrial wastewaters containing colors, 

heavy metals, and other inorganic and organic impurities 

(Rawnaq et al.,  2018; Allen et al., 2004; Walker et al., 2003). 

Congo Red is a model compound for a common soluble group of 

dyes, which is employed in dyes, textile, plastic, and paper 

industries (Sponza and Isik, 2005). Dye is an organic material 

that is able to impart specific colors to the substance used. There 

is a spread of dyes including acid dyes, basic dyes, azo dyes, 

mordant dyes, plastic dyes, etc. (Yousefi et al., 2011). The 

present study the surface assimilation of Cango red dye from its 

binary compound solutions by GO/MgO NCs.  

Experimental  

Instruments: The pH of the solutions was measured by pH meter 

(7110 (WTW), Germany). UV-Visible (Shimadzu, Japan 1700) 

was utilized to measure dye concentration in the aqueous 

solution. The temperature was checked using an isothermal bath 

shaker (BS-11, Korea). The Nanocomposites were determined by 

XRD (Shimadzu company  (Japan) (XRD-6000)) with Cu kα 

radiation (λ = 0.1540 nm). (The measurement condition of XRD 

was 30 mA, 40 kV, the scanning range and speed was 10-120° 

and 5 deg/min, respectively), FTIR (Shimadzu, IR PRESTIGE 

21) with the KBr pellet technique. 400-4000 cm-1 was the 

efficient range. SEM (Type Tescan Brno-Mira 3LMU). AFM 

(SPM-AA3000, Advanced Angstrom Inc.). All chemicals were 

used with no further purification.  

GO Preparation 

The GO was prepared in accordance with the modified Hummers 

method (Tavakoli et al., 2015). In summary, 2 g graphite powder 

was mixed with 2g sodium nitrate and 50 ml sulfuric acid (98 

wt%) in a 500-mL flask in an ice bath at 0°C. While strongly 

stirring, 6g potassium permanganate was gradually added into the 

flask and stirring was kept for 2 hours. Then, 100 ml of deionized 

(DI) water was poured to the solution; the solution temperature 

quickly increased to 98 °C and kept at this temperature for 0.5 h. 
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Then, 300ml DI water was added up to the flask. Following that, 

20 ml H2O2 (30 wt %) solution was added and led to changing the 

color of the mixture to yellow. The mix was filtered and washed 

with hydrochloric acid (5 %) solution and deionized water sundry 

times to rest any residuals. Eventually, GO was synthesized by 

sonication of the dispersal for 1 h and drying at 60°C. 

Synthesis of MgO NPs 

The preparation of MgO NPs was as follows. 2.06 g citric acid 

was and 2 g MgCl2.6H2O were separately dissolved in 25 ml DI 

water in a 250-ml flask. The two solutions were mixed by the 

slow addition of the MgCl2.6H2O solution to the citric acid 

solution with string. Then, some drops of ammonia were slowly 

added to reach pH 7. After that, the temperature rose to 60ºC with 

stirring for 1h to configure the magnesium hydroxide. Then, the 

solution was centrifuged for the separation of Mg(OH)2 gel from 

the suspension. Mg(OH)2 gel was eluted 2-3 times with DI water 

and calcination was conducted at 550 ºC for 2h. 

Synthesis of GO/MgO NCs 

 The nanocomposite was prepared by combining oxidine in a 

ratio of 1:1 so that 1g nanoGraphine oxide was weighed and 

dissolved in 50 ml ionic water in a 250-ml beaker and then, 1g 

nanomagnetic oxide was dissolved in 50 ml ionic water in 

another 250-ml beaker. After that, the content of the first beaker 

was slowly added into the second one with continuous stirring 

and then the solution was placed in the ultrasound machine and 

dried at 60°C. 

Synthesis of Congo red dye solution 

Congo red dye is water-soluble (λ max = 497nm). A standard 

solution (1000 mg/L) was made by dissolving 1g Congo red dye 

in 1L of DI water. The working solution was made by diluting the 

standard dye solution with DI water to reach the desired 

concentration of the solutions (10-50 ppm) and the solutions were 

left for 24 h to homogenize. Dilute HCl (0.1 M) and NaOH (0.1 

M) were used for pH modification. The calibration curve for 

Congo red dye (λ max = 497nm) was determined by UV-Visible 

spectrometer. The dye adsorption by a batch process was studied 

different parameters such as contact time (10-50 min), the dose of 

GO/MgO NCs adsorbate (0.01-0.05g), pH (3-12), the 

concentration of dye (10-50 ppm), and temperature (20-40°C). 

The samples were shaken and kept for 20 min and then they were 

filtered in a centrifuge at 3500 rpm for 15 min and filtered using 

filter paper again and analyzed spectrophotometrically. The 

following equation (% Adsorption) was used to determine the % 

of dye adsorption from the aqueous solution (AL-Niaimi et al., 

2018).  

% Adsorption  =
𝐂𝐨− 𝐂𝐞

𝐂𝐨
 × 100   (1) 

where Co is the initial concentration of dye solution (mg/L) and 

Ce is the final concentration (mg/L) after the adsorption.  

The adsorption capacity (Qe (mg/g)) was calculated using the 

following equation. 

 

Qe =
C0−Ce

m
  × Vsol             (2)                  

Qe: The amount of solute adsorbed per unit weight of adsorbent 

(mg/g). Ce: Equilibrium concentration of the solute (mg/L). 

Vsol: The solution volume (L). m: The adsorbent weight (g). 

Results and Discussion  

In our previous work, the GO/MgO NCs were well characterized 

using FTIR, XRD, SEM, and AFM (Amir. and Abdulilah. 2019). 

The properties of the surface area were evaluated through the 

adsorption of nitrogen at 77K, which is the temperature 

equilibrium between the vapor and liquid phases. The resulting 

surface area for GO/MgO nanoparticles was 32/3736 m²/g.  

Determination of the Equilibrium Time of adsorption 

Several adsorption experiments in the contact time range of 10-50 

min were performed (figure1). The removal rate of dye onto 

GO/MgO gradually increased increasing contact time from 10 to 

50 min and then remained constant with further increase in 

contact time. Therefore, a period of twenty minutes of 

equilibrium was selected for the next studies. At an early stage, 

dye quickly interacted with many available active sites on the 

GO/MgO surface, resulting in the fast adsorption. The increase of 

the contact time gradually reduced the available active sites and 

weakened the driving force, resulting in a slow adsorption and a 

longer time to attain the adsorption balance.  

Adsorbent Weight 

The impact of adsorbent on the removal % of dye was examined 

by taking different quantities of GO/MgO ranging from 0.01 to 

0.05 g. The results proved that the best removal capability was 

obtained at 0.02 g (Figure 2). 

Effect of pH 

The effect of pH was studied in which five samples with the same 

concentration were separately mixed with 0.02 g GO/MgO and 

shaken for the same time duration and at an equal pH. After that, 

the absorbance measured and its percentage was calculated. 

Figure 3 shows that the adsorption capacity was maximum at pH 

8 and decreased with increasing pH. The point of zero charge 

(pHpzc) of GO/MgO NCs was 10.5 and the best pH was 8 for 

removal dye below pHpzc so, for other adsorption mechanisms 

between dye and GO/MgO NCs including hydrogen bonding and 

π-π interaction addition to the electrostatic attraction. 

Effect of dye concentration on adsorption 
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It is important to study the efficiency of GO/MgO NCs 

adsorption for different initial Congo Red concentrations. The CR 

concentrations of 10 - 50 ppm were prepared and the performance 

of dye removal was studied at a pH of 8 after 20 minutes. The 

best removal efficiency was at 10 ppm (Figure 4). 

Adsorption Kinetics 

In order to investigate the rate of the adsorption process, two 

most common kinetic models: pseudo-second-order and pseudo-

first-order equations were used for the analysis of the 

experimental data for GO/MgO at an initial CR of 10 ppm (Chia 

et al., 2013). 

 ln (qe - qt) =  ln qe – k1 t      (3) 

t / qt = 1/ k2 qe2 + (1/ qe) t     (4) 

where qt and qe (mg/g) are the adsorbed dye amounts at time t and 

equilibrium, respectively; k1 and k2 are the rate constants of 

pseudo-first-order (min-1) and pseudo-second-order (g/mg.min). 

The plots of the equations were evaluated for best fit by the 

comparison of their correlation coefficients (R2). Figures 5 and 6 

show the straight plots of ln (qe-qt) vs. t and t/qt vs. t, 

respectively. The correlation coefficients of the linear curves of 

both kinetics show that the process is more likely to follow 

second-order kinetics. The pseudo-second-order model assumes 

that the rate-limiting step involves the adsorbate’s chemical 

adsorption on the adsorbent. The adsorption rate constant was 

calculated for each model by fitting the experimental data (Fig. 5 

and 6, and Table 1). As proved by the obtained higher regression 

coefficient (R2), the kinetics data were corroborated with the 

pseudo-second-order. Moreover, the calculated values of qe for 

the pseudo-second-order are highly matched with the 

experimental data much better than those of the pseudo-first-

order model, indicating that the adsorption kinetics of dye on 

GO/MgO was not diffusion-controlled (Toor and Jin 2012). 

Adsorption Isotherm  

In this study, (Langmuir, Freundlich, Timken, and Dubinin-

Kaganer-Radushkevich) isotherms were applied to the batch 

adsorption experimental data to explain the dye-NCs (GO/MgO) 

interaction. Langmuir isotherm model assumed the monolayer 

coverage of the adsorbate on a homogenous adsorbent surface, 

(Fungaro et al., 2011). The experimental adsorption data were 

applied to the empirical Langmuir isotherm. 

𝐶𝑒/𝑄𝑒 = 1/qmax KL + Ce /qmax              (5) 

Where Ce is the equilibrium concentration of dye (mg/L); qmax 

and Qe are the maximum adsorption capacity corresponding to 

complete monolayer coverage on the surface (mg/g) and the 

capacity at equilibrium (mg/g), respectively; and KL is Langmuir 

constant (L/mg) related to the energy of sorption. The linear 

relationship of (Ce/Qe) versus (Ce) gives a straight line of slope 

1/qmax and intercept (1/KL qmax) (Figure 7; Table 2). For the 

Langmuir model, the maximum adsorption (qmax) was negative, 

which shows the inadequacy of this model to explain the 

adsorption process, though it shows good linearity in comparison 

to other models (Alshabanat et al., 2013). A dimensionless 

constant separation factor of Langmuir isotherm (RL) was also 

calculated using the following equation (Gan et al., 2015): 

RL = 1/ (1 + KL Cₒ)                                             (6) 

Table (2) explains the relationship between RL and natural 

adsorption. 

The Freundlich model is a case for multilayer adsorption and 

adsorption on heterogeneous surface energies, and it gives an 

exponential distribution of the active sites. The linear form of this 

model is represented by:        

 ln Qe = ln KF  +  1/n ln Ce                          (7) 

The Freundlich constants KF and n indicate the adsorption 

capacity and the adsorption intensity are calculated from the 

intercept and slope of plot ln Qe versus ln Ce, respectively 

(Figure 8). The adsorption intensity (n) showed low values (n<1); 

this indicates a very low affinity between adsorbents and 

adsorbate (Fungaro et al., 2011). The Freundlich constant (KF) 

decreases with increasing the temperature and this is an indication 

for an exothermic reaction. The Dubinin-Kaganer-Radushkevich 

(DKR) isotherm, which can give the mechanism of adsorption 

and energy of adsorption process, is expressed as a linear form 

(Mall et al., 2006):                         

Ln qe = Ln qmax − β ε2                                   (8) 

where qe is the adsorption quantity of Congo red (mmol g−1) and 

qmax, ε, and β are the DKR single-layer adsorption capacity 

(mmol g−1), and Polanyi potential (J mol−1), adsorption energy 

constant (mol2.J−2), respectively. ε can be represented as follows:   

 ε = RT ln (1 + 1/ce)                       (9) 

β and qmax was derived from the plot of ln qe vs. ε2. The 

adsorption energy E, (J.mol−1) was calculated using the equation 

(10):    

 E = (2β) −0.5                                    (10) 

If the values of E are below 8 KJ/mol, the mechanism may be a 

physical adsorption, while E values between 8-16 KJ/mol assume 

the adsorption to be controlled by ion exchange and E more than 

16 KJ/mol presume a particle diffusion mechanism (chemical 

process). It can be observed that the E value may be physical 

(electrostatic nature). 

 Temkin isotherm has 1 factor that shows the interaction between 

adsorbing particles and adsorbent so vividly. This model was 

applied in forms, given as eqn: 

 Qe = B n kT + B ln ce                     (11)          
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  B = RT/b                                         (12) 

 By plotting qe against ln ce gave the constants, KT and B, which 

are the Temkin isotherm is related heat of adsorption (J/mol) [32]. 

Constant KT is equilibrium binding constant (L/mg), R is the gas 

constant (8.314J/ mol.k). Adsorption Temkin graph of qe against 

ln ce is plotted (Figure 10) and its calculated parameters (B, KT) 

can be seen in Table 3. The dye was followed Freundlich 

isotherm, Freundlich and Dubinin-Radushkevich adsorption 

isotherms of the adsorbents by linear analysis; Table 3 

summarizes the corresponding isotherm parameters and their 

correlation coefficients (R2) for each parameter. According to the 

R2 for each of the parameters in Table 3, the Freundlich model 

fitted the experimental data best by linear analysis, whereas the 

Langmuir fitted worst (Gan et al., 2015). 

Thermodynamic parameters 

Thermodynamic parameter, change in free energy (∆G◦), 

enthalpy (∆H◦), and entropy (∆S◦) were calculated using the 

following equation: 

KC = Ae − ∆H / RT                       (13) 

lnXm = −∆H/RT + K                (14)  

where lnXm is the natural logarithm for greatest amount adsorbed 

(mg/g), K is the constant of Van’t Hoff equation, R is the 

universal gas constant (8.314.10-3 kJ/mol. K-1), and T is the 

temperature (Kelvin). 

∆G°= − RT lnK                          (15) 

K = Qe × m/Ce × V 

 ∆G° = ∆H − T∆S°                    (16) 

∆S°= ∆H − ∆G° / T                    (17)      

∆H◦ and ∆S◦ were obtained from the slope and intercept of a 

Van’t Hoff plot of ln Kc versus 1/T (Figure 11, Table 4). The 

thermodynamic parameters were obtained and the negative value 

of ∆H◦ was an indication of the exothermic nature of the 

adsorption. The value of ∆G is negative showing that the 

adsorbent could happen spontaneously and the value of ∆S is 

positive, which means the motion of the molecules is not limited 

(Haciyakupoglu et al., 2015; Amir and Abduliah 2018). 

Conclusion 

The results obtained showed that (GO/MgO) is an efficient 

sorbent in removing Congo red dye from the aqueous solutions of 

Congo red dye on GO/MgO. Thermodynamic studies show that 

the adsorption process is exothermic and spontaneous, while the 

value of ∆𝑆 is positive meaning that the movement of molecules 

is confined. Adsorption kinetics followed the pseudo-second-

order kinetics’ rate expression. Isotherms with biter fit to 

Freundlich isotherm, Freundlich constant (kF) decreases with 

increasing the temperature and this is an indication of exothermic. 

According to the DKR isotherm, the energy equation gives us a 

perception of the adsorption mechanism, and E <8KJ/mol 

indicates that the physical force influence.  

 

 
Figure 1: Effect of equilibrium time on the Congo red dye adsorption on GO/MgO nanoparticles at 25oC, Co= 30 ml of 10 ppm, the dose 

of 0.02 g, and pH=7. 
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Figure 2: Effect of Adsorbent Weight on removal % of Congo Red 

 
Figure 3: Effect of pH on the adsorption of Congo red dye on GO/MgO nanoparticles at 25 oC 

 
Figure 4: Effect of dye concentration on adsorption of Congo red dye on GO/MgO nanoparticles 
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Figure 5: plot of the pseudo-first-order model of Congo red dye on GO/MgO NCs 

 
Figure 6: Plot of the pseudo-second-order model of Congo red dye on GO/MgO NCs 

Table 1: Kinetics parameters for adsorption Congo red dye on GO/MgO NCs 

Co pseudo-first-order pseudo-second-order 
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20 13.62 1.016 0.0006 0.975 13.62 1.293 1 

25 13.61 1.015 0.0005 0.936 13.61 1.259 1 

30 13.60 1.012 0.0004 0.977 13.60 1.388 1 

35 13.59 1.009 0.0003 0.997 13.59 2.593 1 

40 13.57 1.006 0.0002 0.996 13.57 2.858 1 
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Figure 7: Isotherm Langmuir for Congo red dye on GO/MgO nanoparticles 

 
Figure 8: Isotherm Freundlich for Congo red dye at 25oC on GO/MgO nanoparticles. 

 
Figure 9: Isotherm Dubinin (DKR) for Orange G dye on GO/MgO NCs 
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Figure 10: Isotherm Temkin for Congo red dye on GO/MgO NCs 

Table 3- The calculated adsorption parameters of the four used isotherms 

Langmuir Freundlich 
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Table 4: Values of thermodynamic functions for adsorption Congo red dye on GO/MgO     nanoparticles  

Ce 

(mg/L) 

Thermodynamic 

function 
20 oC 25 oC 30 oC 35 oC 40 oC 

50 ppm 

∆H kJ.mol -1 -0.0267 

∆𝐺 kJ.mol-1 -10.499 -10.666 -10.822 -10.975 -11.127 

∆𝑆 J.mol-1 K-1 0.03574 0.03570 0.03562 0.03554 0.03546 
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