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A new nanocomposite for multiwalled carbon nanotubes with zinc oxide and silver oxide 

was prepared by utilizing hydrothermal method with methanol as solvent. Zinc oxide 

(ZnO) and silver oxide (Ag2O) were synthesized using co-precipitation method under 

basic medium. They were identified by several techniques such as UV-Vis, X-ray powder 

diffraction (XRD), scanning electron microscopy (SEM) and EDX analysis. The crystal 

size of the prepared nano compounds was revealed 17.6, 26.8, 20.3 and 21.5nm for 

MWCNT (after their functionalized by utilizing acids mixture from sulfuric and nitric 

acid by ratio 3:1(v/v)), ZnO, Ag2O and MWCNTs/ZnO & Ag2O nanocomposite 

respectively. The batch adsorption was used for removing two different class as cationic 

and anionic dyes from its aqueous solutions under various conditions such as pH level, 

temperature, contact time and agitation speed, the data exhibited a high value to remove 

dyes methyl green (MG) and erythrosin B (EB) onto the surface nanocomposite were 

96.4 and 99.71% respectively. Adsorption equilibrium isotherm appeared the Langmuir 

model is more fitted than Freundlich to remove erythrosin B dyes with adsorption 

capacity 184.9 mg/g, while the adsorbed of methyl green dye more fitted with Freundlich 

isotherm and adsorption capacity is 836.9 mg/g. Thermodynamic parameters (∆G°, ∆H° 

and ∆S°) have been computed and revealed the negative values for the free energy. 
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1. INTRODUCTION

Carbon nanotubes have several unique properties, including 

electronic, chemical, mechanical strength, optical activity, 

large surface area, high porosity, light mass density, and 

hollow structure. They can be described as a graphite sheet 

twisted up within a nanoscale tube. Furthermore, CNTs can be 

divided into two main classes: single-wall carbon nanotubes 

(SWCNTs) and multiwalled carbon nanotubes (MWCNTs) [1-

3]. 

Multiwalled carbon nanotubes have additional important 

features such as internal sites, interstitial channels, and 

grooves on their outer surface. Moreover, they exhibit non-

covalent forces such as hydrogen bonding, π–π stacking, 

electrostatic forces, van der Waals forces, and hydrophobic 

properties [4]. Consequently, these unique properties make 

MWCNTs excellent adsorbent surfaces, allowing strong 

interactions with various pollutants, including both organic 

and inorganic contaminants [2]. 

The release of various pollutants into ecosystems has 

increased due to anthropogenic activities such as industrial 

development in sectors like oil production, building materials, 

cosmetics, food, clothing, and dyes. Additionally, urban 

growth has led to a rise in domestic waste discharge into the 

environment without proper treatment [5-7]. 

Nano oxides have attracted significant research interest due 

to their chemical properties, applications, and small particle 

size, making them widely used for removing organic and 

inorganic pollutants from aqueous solutions. Particularly, zinc 

oxide (ZnO), silver oxide (Ag₂O), titanium oxide (TiO₂), iron 

oxide (Fe₂O₃), and selenium dioxide (SeO₂) have been utilized 

for water treatment applications, targeting pollutants such as 

heavy metals, dyes, pharmaceuticals, domestic waste, and oil 

spills through the batch adsorption method [1, 8]. 

Methyl Green (MG) and erythrosin B (EB) dyes are organic 

compounds belonging to two different dye classes: 

triarylmethane and xanthene, respectively. They have high 

solubility in water and exhibit toxicity and carcinogenic effects 

[9, 10]. 

Consequently, the present work aims to synthesize a new 

nanocomposite from functionalized multiwalled carbon 

nanotubes with nano oxides such as zinc oxide and silver oxide 

by the hydrothermal method. The objective is to obtain a high 

surface area and smaller particle size than in previous studies 

and then use the nanocomposite to remove MG and EB dyes 

from aqueous solutions with high efficiency using the batch 

adsorption method.  
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2. EXPERIMENTALS 

 

2.1 Materials 

 

All chemical materials are analytical grade and used without 

further purification, zinc acetate dihydrate (Zn (CH3COO)2. 

2H2O), nitric acid (HNO3 65%) and methanol solvent 

(CH3OH) were supplied from GCC. Ethanol 96% was 

purchased from Fisher. MWCNTs (OD 10-20nm, SSA 150 

m2/g and purity > 98%), silver nitrat (AgNO3) potassium 

hydroxide (KOH) and sodium hydroxide (NaOH) were 

obtained by Mreck. Sodium borohydride (NaBH4) was 

supplied from Riedel-de Haen Agseelze-Hannover. Sulfuric 

acid (H2SO4) 98% was purchased from Himedia, India. Methyl 

green (MG) and erythrosin B (EB) dyes were supplied by 

Sigma and BDH company respectively. 

 

2.2 Instrumentation 
 

The morphology structure and elementals content of the 

prepared compounds were characterized by scanning electron 

microscopy (SEM) and energy dispersive X ray respectively 

by utilizing Vega A3 TESCAN microscopy at 20 Kv. In 

addition, X-ray powder diffraction (XRD) was measured by 

utilizing a Kα-Cu source and wavelength 1.54 A° from Philips 

model PW1730. The wavelength maximum for dyes solution 

was selected by UV-Vis spectrophotometer double beam from 

Shimadzu model UV-1800. 

 

2.3 Procedure 
 

2.3.1 Preparation of ZnO NPs 

Zinc oxide NPs were prepared by co-precipitation method 

according to the previous described study [11] as follows: 

weighted 0.658 g (3 mmol) of zinc acetate dihydrate and 

dissolved in 30 ml of methanolic solution. Methanolic basic 

solution was prepared by dissolving 0.392g (7 mmol) of KOH 

in methanol as solvent. After completing dissolution, the alkali 

solution was added dropwise to zinc acetate solution and 

mixed under ultrasonic effect for 60min and then it was 

removed from sonicator and left in room temperature in order 

to complete the deposition process. The white color of 

precipitate [11, 12] was obtained after using the centrifuging 

and washing in methanol in several times. Finally, the white 

precipitate was dried at 120℃ for 180 min then followed 

calcination process at 400℃ [13] for 120 min. As a result, the 

pinkish grey color was obtained after calcination.  

 

2.3.2 Preparation of Ag2O NPs 

The silver oxide nanoparticles were prepared by using co-

precipitation method in basic medium. The method 

preparation can be summarized as follows: 0.5 g of silver 

nitrate and transferred into a beaker (500ml) before adding 300 

ml of deionized water, and then it was left at 70℃ with stirring 

for 10 min. After dissolving, 0.113 g of NaBH4 as a reducing 

agent was added to the solution by several steps. Then, 20ml 

of potassium hydroxide (4 mmol, 0.224 g) solution was added 

dropwise in silver nitrate solution after its reduction. Blackish 

brown precipitate was obtained after washing several times in 

deionized water and then it was dried at 110℃ for 180 min 

[14, 15].  
 

2.4 Functionalization of MWCNTs  
 

The oxidation process was carried out to improve some 

properties for materials, such as interactivity, porosity, surface 

area and active sites [16] by adding new functional groups. In 

general, some groups add hydroxyl and carboxyl to the surface 

of MWCNTs utilizing oxidize agents [17, 18]. The addition 

process of carboxyl groups to MWCNTs surface was carried 

out using acid mixture of a combination nitric acid and sulfuric 

acid as described in literature survey [19] as follows: 0.1g of 

pristine MWCNTs were immersed in 20 ml of acid mixture 

(10M H2SO4 and 4M HNO3) by ratio 3:1, and then stirred for 

18h at room temperature. After that, the solution was filtered 

and washed several times with deionized water until it reached 

neutral pH. Finally, the solid resultant was dried at 80℃ for 

12h (Figure 1).  

 

 
 

Figure 1. Showed the functionalization of MWCNTs 

 

2.4.1 Preparation of nanocomposite f-MWCNTs/ ZnO& AgO 

After preparing functionalized multiwalled carbon 

nanotubes (f-MWCNTs) and, adding some carboxyl groups to 

the structure of MWCNTs, it was decorated by the prepared 

zinc oxide and silver oxide using hydrothermal method. 

Exactly 0.1 g of f-MWCNTs was weighed and transferred into 

a beaker 250 ml and then it was dispersed in 50ml of an 

ethanolic solution 96% for 30min by utilizing an ultrasonic 

instrument. On the other hand, 0.03 g of each oxide was 

weighed and also dispersed in 10ml ethanol for 30min. After 

completing the dispersal process of solutions in ethanol, the 

solutions were mixed together. After that, the mixture solution 

was dispersed and left in an ultrasonic device for 60 minutes, 

and then it was transferred into a container made of 

polytetraflouroethylene (100ml) tightly closed then put in an 

autoclave of stainless steel at oven temperature 180℃ for 6h. 

Finally, the nanocomposite was isolated and dried at 80℃ for 

180min  

 

2.5 Preparation of aqueous dye solution  

 

The stock solution (1000 mg/l) of each dye was prepared by 

dissolving in deionized water in order to determine the suitable 

concentration of each dye (MG and EB) by following serial 

dilution method, and they were used in adsorption 

experiments. The maximum wavelength (λmax) for each dye 

was measured in concentration at 20 mg/l, and the wavelength 

was scanned in the region 200 -800 nm using a UV-Vis 

spectrophotometer. The results recorded the maximum 

wavelength of MG and EB dyes are 632.5 and 526 nm, 

respectively. 

 

2.6 Adsorption experiments 

 

The current study has employed two classes of dyes: the first 

is erythrosine B, which belongs to the xanthenes class dye, and 
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the second is methyl green which returned to the triaryl 

methane class dyes, Figure 2 [20]. Besides, these dyes can be 

classified depending on their charge dyes into anionic and 

cationic dyes respectively. The adsorption method considered 

is one of the methods that is useful, successful and gives high 

efficiency to remove the pollutants from their aqueous 

solutions. Consequently, the batch adsorption experiments 

were applied to remove MG and EB dyes from its aqueous 

solutions by employing initial concentrations of 100 mg/l and 

250 mg/l for dyes EB and MG respectively, in 50 ml of a 

conical flask tightly closed after adding 10mg of f-MWCNTs/ 

ZnO&AgO as adsorbent surface and 10ml of the adsorbate 

solution under fixed some parameters such as agitation speed 

(150 RPM), temperature (25℃) and natural pH of solution 

dyes under different times in order to reach the equilibrium 

time for each dye. The concentration remained at the 

equilibrium time was separated by centrifugation and 

measured by UV-Vis spectrophotometer at the maximum 

wavelength for each dye.  

 

 
 

Figure 2. Structure of dyes 

 

The removal ratio and adsorption capacity were calculated 

following the equations: 

 

%𝑅 = [
𝐶𝑖 − 𝐶𝑒

𝐶𝑖
] × 100 (1) 

 

𝑞𝑒 (
𝑚𝑔

𝑔
) =

[𝑉𝐿𝑥(𝐶𝑖 − 𝐶𝑒)]

𝑊𝑔
 (2) 

 

where, the R is removal percent, Ci and Ce represent initial and 

equilibrium concentration respectively, qe is the adsorption 

capacity, VL and Wg represent the volume of adsorbate 

solution and the amount of adsorbent surface respectively [20]. 

 

2.7 Isotherm experiment 

 

The isotherm can be studied the relationships among the 

amounts of adsorbed material onto the adsorbent surface by 

changing concentration at a fixed temperature, moreover it can 

describe the bond nature between adsorbate molecules and the 

adsorbent surface by Gils classification. The present work's 

two isotherm models were studied Langmuir and Freundlich 

models in order to mane one of the models can be correspond 

with the adsorption system. The adsorption capacity can be 

computed from the Langmuir isotherm after slope extracting 

by the plot graph between Ce/qe verses Ce. The Langmuir 

equation is given in relation [20-22]: 

 

𝐶𝑒

𝑞𝑒
= (

1

𝑞𝑚𝑎𝑥𝐾𝐿
) + (

𝐶𝑒

𝑞𝑚𝑎𝑥
) (3) 

 

The Freundlich model can explain the type of adsorption, 

either mono or multilayer. The Freundlich equation is given 

by: 

 

𝐿𝑜𝑔 𝑞𝑒 = log 𝐾𝑓 + (log 𝐶𝑒/𝑛) (4) 

 

where, the qmax is represented the maximum amount that can 

be adsorbed onto the adsorbent surface, KL is the Langmuir 

constant and that is given by unit L/mg. However, Kf is the 

Freundlich constant which is related to adsorption capacity 

that is given by unit L/g, while n is considered the 

heterogeneity factor that is pointed to intensity of adsorption. 

The heterogeneity value refers to acceptability of the 

adsorption process, where if the n value was equal to zero 

(n=0) which is refers to the isotherm is irreversible, while if 

the value of n value was located between zero and one (0<n<1) 

which points to the adsorption process is unfavorable, at last if 

the n value was more than one (n>1) which refers to the 

adsorption process is favorable [20-24]. 

 

 

3. RESULTS AND DISCUSSION 

 

3.1 Characterization of the f-MWCNTs decorated by 

ZnO&Ag2O 

 

Several techniques were used to confirm the success of 

prepared methods for synthesizing zinc oxide, silver oxide and 

their decorating on the F-MWCNTs surface, as bellow: 

 

3.1.1 X-ray powder diffraction spectroscopy 

X-ray diffraction (XRD) spectroscopy is a crucial technique 

for characterizing the crystalline phase, crystal structure, 

crystal size, and surface properties of the adsorbent material 

[20, 21, 25]. The XRD patterns of the prepared compounds 

exhibited characteristic diffraction peaks at 2θ positions: 

26.3°, 43.0°, 44.7°, 53.7°, 78.0° for f-MWCNT; 38.02°, 

44.13°, 64.51°, 77.36° for Ag₂O; 19.1°, 31.86°, 34.46°, 36.45°, 

47.65°, 56.78°, 63.09°, 68.29°, 69.46°, 77.27° for ZnO; and 

26.11°, 27.95°, 29.16°, 31.42°, 35.40°, 37.91°, 44.03°, 57.66°, 

64.32°, 68.007°, 77.22° for the f-MWCNT/ZnO&Ag₂O 

nanocomposite. 

These diffraction peaks correspond to the characteristic 

crystal planes of the respective materials: (002 and 100) for f-

MWCNT, (111, 200, 220, 311) for Ag₂O, and (200, 100, 002, 

101, 102, 110, 103, 112, 201, 202) for ZnO [15, 26-28]. The 

data confirm the successful synthesis of the prepared 

compounds and are consistent with the JCPDS reference 

patterns: 01-0646 for f-MWCNT [26], 76-1393 for Ag₂O [15], 

and 36-1451 for ZnO [28]. 

The Debye-Scherrer equation was applied to calculate the 

crystal size of the synthesized materials, yielding 17.67 nm for 

f-MWCNT, 26.89 nm for Ag₂O, 20.34 nm for ZnO, and 21.52 

nm for the F-MWCNT/ZnO&Ag₂O nanocomposite. These 

results confirm that all the synthesized materials fall within the 

nanomaterial classification. The corresponding XRD patterns 

are presented in Figure 3.
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Figure 3. (a) The XRD patterns of the prepared 

nanocompounds F-MWCNT 

 

 
 

Figure 3. (b) The XRD patterns of the prepared 

nanocompounds Ag2O 

 

 
 

Figure 3. (c) The XRD patterns of the prepared 

nanocompounds ZnO 

 

 
 

Figure 3. (d) The XRD patterns of the prepared 

nanocompounds F-MWCNT/ZnOAg2O 

 

3.1.2 Scanning electron microscopy  

 

 
 

Figure 4. (a) The SEM morphology of nanoparticles sizes 

 

 
 

Figure 4. (b) The SEM particles' sizes analyses 
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The SEM technique was used to determine the natural of the 

surface where provide many information about the 

morphology of the outer surface for any material, this property 

is employed by researchers who have attention towards the 

environment system for treating the polluted water through 

knowledge of the particle size, porosity and active sites [20, 

21].  

 

The results of SEM image of the f-MWCNT/ZnO&Ag2O 

was appeared the tubes structure that belong to multiwalled 

carbon nanotubes and also exhibited many grooves and 

channels which enhanced the porosity and surface area. The 

histogram analyses were extracted information by Imag-J 

(1.46r) program and appeared the average of particles size for 

decorated MWCNT is 67.72 nm. The data of SEM image and 

histogram are explained in Figure 4. 

 

3.1.3 EDX analysis  

The analyses of energy dispersive X-ray are useful to know 

the element contents for the analysis of samples at room 

temperature in 0 to 80 KeV range [20]. The results obviously 

revealed the new signals in EDX spectrum of f-MWCNTs after 

their comparison with decorated f-MWCNT. The increasing 

oxygen signal intensity with a decreased carbon ratio to 

Oxygen and the new signals that appeared to belong to zinc 

and silver clearly confirm the success for decorating the 

multiwalled carbon nanotubes by ZnO and Ag2O. the results 

are depicted in Figure 5 and Table 1.

 

Table 1. The EDX results of F-MWCNT nanocomposite 

 

Compounds 
%Element Ratio 

C/O Ratio %Total Ratio 
C O Ni Zn Ag 

F-MWCNT 96.19 3.45 0.36 - - 27.881 100 

F-MWCNT/ ZnO&Ag2O 49.03 11.08 - 15.60 24.29 4.425 100 

 
 

Figure 5. (a) The EDX result of nanocompounds F-MWCNT 

 

 
 

Figure 5. (b) The EDX result of nanocompounds F-

MWCNTZnOAg2O 

 

3.1.4 UV-Vis spectroscopy  

Uv-Vis technique is an important analysis for characterizing 

nanomaterial compounds through the new strong peak 

belonging to the local surface plasmon resonance spectrum 

(LSPR) rather than with the bulk material solutions [29]. The 

characteristic peaks exhibited the wavelengths at 268 nm, 371 

nm and 408 nm which belong to f-MWCNTs, ZnO and Ag2O 

respectively that are consistent with previous studies [14, 29, 

30]. The spectrum of f-MWCNT after decorating by ZnO and 

Ag2O was measured by dispersing in water in the region 200-

800nm. A peak appeared at 266 nm, which attributed to f-

MWCNT and also exhibited a new peak at 372 nm than with 

pristine spectrum of f-MWCNTs that is assigned to the 

plasmon peak of zinc oxide. Finally, all the techniques are 

proving to be successful in the decorating process for F-

MWCNTs with zincoxide and silveroxides, the results are 

depicted in Figure 6. 

 

3.2 Adsorption MG and EB Dyes onto F-

MWCNTs/ZnOAg2O 

 

The prepared F-MWCNTs nanocomposite with some nano 

oxides like ZnO and Ag2O showed many advantages, such as 

increasing surface area, decreasing particle size, and obtaining 

different pore sizes. These parameters assist in giving a good 

adsorption surface for removing several pollutants. Moreover, 

the used nano oxides such as ZnO and Ag2O for decorating F-

MWCNTs can be attributed to increased surface area. The 

ability to bind with many pollutants and also their bioactivity 

as antibacterial. Therefore, the adsorption experiment applied 

the batch method for adsorbing anionic and cationic dyes onto 

new adsorbent of decorated f-MWCNTs by ZnO and Ag2O 

under different factors such as equilibrium time, pH level, 

temperature and agitation speed. 

 

3.2.1 Effect of equilibrium time  

The required time to occupy all active sites onto adsorbent 

surface by the molecules of dyes. The time was determined for 

ranging duration times 5-120 min after fixing the other 

affected parameters like 25℃, 150 RPM, 10 ml, 0.01g as 

temperature, mixing speed, volume of dye solution and 

adsorbent weight respectively. In addition, the initial 

concentration for solution dyes was chosen at 100 and 250 

mg/l for EB and MG dyes respectively. The effect of time on 

adsorption process was observed by increasing the removal 

percent for dyes solution as function to increase time until to 

reach equilibrium state in solid-liquid system [21]. The 
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increased removal percent is due to the rise of the active site 

occupation onto adsorbent surface. The data in Figure 7 of time 

effect was appeared the equilibrium time at 15min for both 

dyes solution with removal percent 82.8% and 93.81% for EB 

and MG dyes after measuring at wavelength 526 and 632.5 nm 

respectively. 

 

  
  

Figure 6. (a) UV Spectra of the prepared nanocompounds F-

MWCNT 

 

Figure 6. (b) UV Spectra of the prepared nanocompounds 

Ag2O 

 

  
  

Figure 6. (c) UV Spectra of the prepared nanocompounds 

ZnO 

Figure 6. (d) UV Spectra of the prepared nanocompounds F-

MWCNTZnOAg2O 
 

  
  

Figure 7. (a) The time effect on adsorption process of EB dye 
Figure 7. (b) The time effect on adsorption process of MG 

dye 

 

3.3 Effect of acidic function 

 

The acidic function is one of the important parameters that 

influence adsorption percent by shifting charge for the 

functional groups which found onto adsorbent surface [21, 31]. 

The experiment of the affected pH value on the adsorption 

process was studied at different pH levels from 3-9 and the 

results reveal the partial precipitation that occurs at pH greater 

than 8 in MG dye solution and less than 3 in EB dye solution, 

which is attributed to the charge of the dyes structure [32, 33]. 

The increase of the percent adsorption towards basic medium 

for MG dye was recorded where the removal percent of MG 

dye onto adsorbent surface high value at 95.36% at neutral pH 

level. On the other hand, the best pH value was selected to 

adsorb EB dye from their aqueous solution onto the adsorbent 

surface at pH 3 with a high removal percent of 91.95%. The 

pH experiment was carried out by fixing the other parameters 

at 15 minutes as the equilibrium time. The data are depicted in 

nm.
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Figure 8. 

 

 
 

Figure 8. (a) The pH levels' effect on adsorption of EB dye 

 

 
 

Figure 8. (b) The pH levels' effect on adsorption of MG dye 

 

3.4 Effect of temperature 

 

The critical parameter that has influenced the change in the 

binding force between adsorbate and adsorbent surface via 

functional groups between them in the adsorption process is 

the temperature change.  

 

 
 

Figure 9. (a) The temperature effect on adsorption processes 

of EB dye 

 

 
 

Figure 9. (b) The temperature effect on adsorption processes 

of MG dye 

 

When the temperature decreases, the force bonded between 

adsorbate molecules and adsorbent surface is weakly bound 

formed, and thus the physiosorption occurs. Moreover, the 

probability of chemosorption formed with rise in temperatures 

via the strong bonded generated between adsorbate solution 

and adsorbent surface [21, 31, 32]. The change temperature 

was tested to adsorb MG and EB dyes onto decorative F-

MWCNTs in the range of 25 to 65ºC with the fixed the other 

parameters where notice was increased to remove the dye 

molecules from their equeous solution by f-MWCNTs 

nanocomposite with rising in temperature especially at 55 and 

65ºC with the removal percent at 95.97 and 95.28% for MG 

and EB dyes respectively. The results are shown in Figure 9. 

 

3.5 Effect of agitation speed  

 

In order to obtain a high adsorption efficiency for removing 

MG and EB dyes from its aqueous solution onto 

nanocomposite surface with alternative the agitation speed, out 

fixed the other parameters at the optimum values for time, pH, 

temperature, volume of dye solution and adsorbent amount at 

equilibrium state. Subsequently the shaking speed was 

experimented within the range of 50 to 300 RPM to remove 

dyes molecules at initial concentration 100 and 250 mg/l for 

EB and MG respectively by decorated f-MWCNTs. The data 

of the agitation speed experiment were exhibited at a low of 

the agitation speed reached to highest adsorption percent for 

adsorb MG dye molecules onto adsorbent surface at 50 RPM 

with removal percent at 96.40%. The increased agitation speed 

needed to remove the EB molecules from their aqueous 

solution to 150 RPM with adsorption percent at 99.71%. The 

increased removal percent with increasing agitation speed may 

be due to the decline of the boundary layer that embraces the 

adsorbent particles [21, 22].  

 

 
 

Figure 10. (a) The agitation speed effect on adsorption 

processes of EB dye 

 

 
 

Figure 10. (b) The agitation speed effect on adsorption 

processes of MG dye 

 

In general, there are many factors that affect the adsorption 
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process which depend on existing functional groups, 

increasing surface area, pore size, volume pore and surface 

charge. These factors limit the adsorption efficiency. for 

example, the current study used cationic (MG) and anionic 

(EB) dyes, and the main factors that affect the adsorption 

process are adsorbent charge and particle size [34]. The effects 

on the adsorption process by utilizing agitation speed are 

depicted in Figure 10. 

 

3.6 Isotherm study  

 

Many useful information can be obtained from isotherm 

experiments, especially the knowledge adsorption relationship 

between adsorbate molecules and the adsorbent surface [20] 

by utilizing four temperatures at 25, 35, 45 and 55℃ which are 

employed to study the behavior at different concentration for 

adsorbate solutions 100, 150, 200 and 250 mg/l for EB dye 

solutions, while 100, 200, 250 and 300 mg/l for MG dye 

solutions.  

Figure 11 described the relationship between concentration 

in equilibrium state for dye solutions with adsorption capacity 

after the adsorption system obeyed at various temperatures 

according to Giles classification [20, 33]. The classification 

data to adsorb MG and EB dye solution onto decorated f-

MWCNTs surface are corresponding to L class which refers to 

weak bonding that forms between the dye molecules and the 

adsorbent surface [33]. The current work employed the 

adsorption mechanism using two isotherm models as 

Langmuir and Freundlich, for describing the relationship 

between the MG and EB dye molecules after adsorbing by 

decorated f-MWCNTs from their aqueous solutions. The 

experimental data after adsorbing the MG and EB dye 

molecules from their aqueous solutions by f-MWCNTs 

nanocomposite surface appeared; the adsorption process for 

MG dye corresponds with the Freundlich isotherm and is more 

favorable than the Langmuir isotherm and also it has an 

adsorption capacity of 836.94 mg/g. The adsorption system for 

removing EB dye from its aqueous solution fits with the 

Langmuir model rather than the Freundlich model, moreover, 

the Langmuir agreement is increased with increased 

temperatures to give the adsorption capacity at 184.941 mg/g. 

The isotherm relationship for MG and EB are depicted in Table 

2 and Figure 12 and Figure 13 respectively.  

 

 
 

Figure 11. (a) Adsorption isotherm according to Giles 

classification of EB dye  

 

 
 

Figure 11. (b) Adsorption isotherm according to Giles 

classification of MG dye  

 

 

  
  

Figure 12. (a) The Langmuir for MG dye Figure 12. (b) The Freundlich models for MG dye 

  

  
  

Figure 13. (a) The Langmuir for EB dye Figure 13. (b) The Freundlich models for EB dye 
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Table 2. The Langmuir and Freundlich model results  

 
Langmuir Model 

EB 

Co mg/l Ce mg/l Ce/qe g/l qmax mg/g KL L/mg RL R2 

100 4.012 0.041797 

184.9411 

0.18877 0.05030 

0.963 
150 14.824 0.109664 0.16236 0.03944 

200 51.521 0.346992 0.16236 0.02987 

250 63.17 0.338115 0.16236 0.02404 

MG 

100 3.755 0.039015 

836.9465 

0.034992 0.2222 

0.925 
200 8.709 0.045527 0.162365 0.0298 

250 10.654 0.044513 0.162365 0.0240 

300 15.176 0.053282 0.162365 0.0201 

Freundlich Model 

EB 

Co mg/l Log Ce Log qe 1/n n Kf R2 

100 0.603361 1.9822 

0.206462 4.84350 73.480 0.906 
150 1.170965 2.1309 

200 1.711984 2.1716 

250 1.800511 2.2714 

MG 

100 0.57461 1.983378 

0.79881 1.251863 33.972 0.990 
200 0.939968 2.281695 

250 1.027513 2.379026 

300 1.181157 2.454577 

 

3.7 Thermodynamic parameters 

 

The different initial concentrations of each dye solution 

were studied at 100, 150, 200, 250 ppm for EB dye and 100, 

200, 250, 300 ppm for MG dye with various temperatures at 

25, 35, 45 and 55℃ in order to obtain the sufficient 

information about how adsorption mechanism employs in 

systematic of the solid- liquid by utilizing to estimate the 

thermodynamic functions like the standard of Gipps free 

energy ∆Gº, the changing of enthalpy ∆Hº and the changed of 

entropy ∆Sº which are extracted from Vant Hoff and Gipps 

equations as the following [21, 31, 32]:  

 

𝐾 =
𝐶𝑠

𝐶𝑙
𝑎𝑛𝑑 𝐿𝑛𝐾 = (∆𝑆°

1

𝑅
) − (∆𝐻°

1

𝑅𝑇
) 

∆Gº= -RT LnK and ∆Gº=∆Hº - T∆Sº 

(5) 

 

where, K is constant, CS is represented the dye concentration 

onto adsorbent surface after adsorbing occurs, while the CL is 

the dye concentration of solution in equilibrium state, T is 

absolute temperature and R is represented the universal gas 

constant 8.314 J mol-1K-1. The thermodynamic functions after 

computing that referred to appear all values of the Gipps free 

energy under the differed temperatures were recorded as the 

negative value, which indicates the reaction between dyes 

molecules for EB and MG with decorated functionalized 

MWCNTs are spontaneous occurred in Table 3. Moreover, the 

rinsed spontaneous reaction to adsorb dye molecules onto 

adsorbent surface toward the decreased temperatures which is 

confirmed the physical adsorption occurred [34]. The 

adsorption process for removing EB and MG molecules onto 

functionalized multiwalled carbon nanotubes after decorating 

by ZnO and Ag2O recorded the negative values of the changed 

enthalpy ∆Hº at all concentrations, which are refer to the 

adsorption process is exothermic excepted the concentration at 

250 ppm is endothermic to each the dyes adsorption [35]. The 

changed entropy function was recorded as the positive values 

for adsorbing MG and EB dyes at all concentrations except the 

concentration at 100 and 150 ppm for EB dye is recorded the 

negative value. In general, the positive values to the changed 

enthalpy function that refers to increase the randomness and 

affinity for adsorbing of the dye molecules onto adsorbent 

surface. The thermodynamic parameter results for adsorbing 

EB and MG dyes onto nanocomposite f-MWCNT surface are 

listed in Table 3.  

 

Table 3. The thermodynamic function results 

 

Dye Name Co mg/l ∆Hº KJ/mol ∆Sº KJ/mol/K 
∆Gº KJ/mol 

298 ºK 308 ºK 318 ºK 328 ºK 

EB 

100 38.61254 0.15537 -7.8661 -8.8335 -11.054 -12.318 

150 -0.03384 0.01718 -5.47625 -4.77679 -5.56381 -5.8289 

200 -5.98002 -0.01141 -2.6224 -2.39662 -2.34746 -2.26457 

250 -14.5184 -0.04034 -2.6866 -1.85937 -1.55194 -1.47679 

MG 

100 -1.18142 0.023417 -8.2784 -8.1261 -8.79424 -8.84584 

200 2.338737 0.033273 -7.46005 -8.02632 -8.39131 -8.42488 

250 -2.41365 0.018584 -7.81211 -8.41528 -8.2072 -8.48633 

300 6.54092 0.044487 -6.69323 -7.16183 -7.68291 -7.99597 

 

 

4. CONCLUSIONS 

 

Multiwalled carbon nanotubes were used after their 

oxidation for forming new functional groups, and then it 

employed to bond with the prepared nano oxides in the current 

works as zinc oxide and silver oxide by utilizing the 

hydrothermal method. The prepared nanocomposite was 

employed to remove two dyes which are classified as anionic 

(EB) and cationic (MG) dyes from their aqueous solution after 

examining and selecting the best optimum conditions as 
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equilibrium time, temperature, pH level and agitation speed to 

obtain the highest adsorption efficiency for MG and EB dyes. 

The adsorption of EB dye onto decorated f-MWCNts was 

recorded at a higher removal percentage than MG dye. 

However, the adsorption system for MG dye was in unison 

with the Freundlich isotherm and recorded the highest 

adsorption capacity more than the adsorption system for EB 

dye that fits with the Langmuir isotherm. In general, the 

adsorption system to remove each dye obeyed the physical 

adsorption that occurred. We recommended reaching the best 

optimum condition by using other metals or metal oxide for 

decorating MWCNT and studying the other factors that affect 

the adsorption process.  
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