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ABSTRACT 
 

In this study, copper oxide / Carboxymethyl cellulose (CuO-CMC) nanocomposite was successfully synthesized 

by the co-precipitation method in presence of NaBH4 as a reducing agent followed by thermal treatment using 

Muffle furnace at 300
o
C, which involves the immobilization of copper oxide nanoparticles (Cu NPs) onto 

Carboxymethyl cellulose (CMC) structure. Synthesized CuO/CMC nanocomposite was characterized using 

Fourier transform infrared spectroscopy (FT-IR), Scanning electron microscope (SEM) coupled with Energy 

Dispersive X-ray analysis (EDX) as well as Transmission electron microscope (TEM). Crystallography of the 

synthesized nanocomposite was characterized using X-ray diffraction (XRD) as well. The nanocomposite was 

applied as an effective adsorbent to remove the organic pollutant such as methylene blue (MB) dye from its 

solution. Different factors affecting the dye removal such as initial dye concentration (3-15 mg/L), contact time 

(0-48 h), temperature (298-338 K), adsorbent dosage (2-10 mg), and pH (2-12) were evaluated. The maximum 

removal efficiency was observed to be (100, 100, 92, 86 %) for the initial concentration of MB (3, 7, 11, 15 

mg/L) respectively with an adsorbent dosage (2.5 mg) after 48 hours. The experimental data exhibit that the 

adsorption behavior of CuO-CMC nanocomposite followed the pseudo 2
nd

 order and the Langmuir isothermal 

model. Furthermore, the thermodynamics results suggested that the spontaneous nature and endothermic of the 

adsorption process. 

 

Keywords: Copper oxide nanoparticles; carboxymethyl cellulose; nanocomposites; methylene blue; adsorption. 

 

1. INTRODUCTION 
 

Dyes are conventionally used for coloring products in 

industries, such as plastic, paper, leather, and textile. 

During the coloration process, a substantial amount of 

colored wastewater is generated, which leads to 

danger to human and aquatic life because the waste 

dyes can prevent light penetration and interfere with 

photosynthetic processes. Among these dyes is 

methylene blue [C16H18ClN3S-(MB)], which is a 

cationic dye and extensively used in many industries, 

such as cosmetics, pharmaceutical, and food 

industries. It is worth noting that, the dye leads to 

permanent injury to the eyes and difficulty in 
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breathing, burning sensation, vomiting, and nausea 

when it is inhaled or ingested orally. Therefore, it 

must be removed from contaminated water [1,2]. 

Numerous techniques have been applied to remove 

dyes from wastewaters including photo-degradation 

[3], advanced oxidation processes [4], adsorption [5], 

coagulation, and flocculation [6] and supported liquid 

membrane technologies [7]. Some of these techniques 

have a weakness, for instance, low effectiveness, 

complicated design, high cost, and toxic products 

after degradation of MB. However, much of previous 

research reported that the adsorption technique is 

customarily preferred because of its higher removal 

capability with the ability to uptake MB at different 

concentrations and pH, proficient action under 

ambient conditions, eco-friendly and lower cost            

[8,9]. 

 

Furthermore, several attempts have been applied to 

remove the MB by effective adsorbents. Kuang et al. 

prepared the modified-activated carbon (AC) with an 

excessive elimination of MB from wastewater [10]. 

Moreover, Venkatesha et al. have prepared graphene 

oxide-Fe3O4 nanocomposite to remove MB and 

Rhodamine B dyes with high adsorption capacity 

[11]. Due to the high cost, non-biodegradable, 

difficulty to recover, and may cause pollution of these 

of materials, encouraged the researchers to synthesis 

adsorbents with good effect, low cost and non-

harmful. Recently, the alternative and unpretentious 

approach that attracted researchers for water treatment 

is nanotechnology [12]. Metal oxide has significant 

attention, including copper oxide nanoparticles (CuO 

NPs) due to their distinctive properties, and stability 

which are more stable than other copper suboxides 

such as Cu2O [13]. CuO NPs have interesting 

applications in many fields such as nano-catalysis 

[14], nano-fluids [15], sensors [16], superconductors 

[17], antimicrobial [18] and energy storage systems 

[19]. Furthermore, CuO NPs can be exhibited an 

excellent result to remove MB, which is inexpensive, 

low toxicity, and abundant with short reaction time 

under not cruel conditions [12]. Hatem et al. and 

Mustafa et al. were prepared CuO NPs successfully 

and they exhibited the impressive elimination of MB 

dye molecules from wastewater [20, 21]. Generally, 

nanosized metals are unstable and tend to aggregate, 

and to overcome the aggregation of nanoparticles, the 

immobilization of metal NPs onto materials as 

support is the most effective concept [22]. Carbon is 

one of the support materials for metal nanoparticles 

and has great attention because of its advantages such 

as superb thermal, large electron-storage capacity, 

high surface area, and good stability. Kamal et al. and 

Mahdie et al. were synthesized copper oxide-Single-

walled Carbon Nanotubes nanocomposite and Cu-

based metal-organic framework (MOF) modified by 

sulfonate groups respectively and applied to eliminate 

MB dye from an aqueous solution [23, 24]. 

 

Furthermore, CuO NPs were synthesized by various 

methods, such as sol-gel [25], hydrothermal [26], 

chemical vapor deposition [27], sputtering [28], laser 

ablation [29] and co-precipitation [30]. Among these 

methods, the co-precipitation method is the most 

widely used because of its simplicity and low cost 

[13].  

 

Moreover, biopolymers are promising and important 

building blocks for high-performance polymer 

nanomaterials, especially in terms of sustainability, 

efficiency, biodegradability, and environmental 

friendliness [31]. In general, the incorporation of 

metal oxide NPs into cellulose is an interesting way to 

improve the properties of materials that could act as a 

platform in the treatment of water. Moreover, the 

fabrication and application of metal oxides-cellulose 

nanocomposites in water treatment minimize the 

potential risks associated with the metal oxide NPs 

and the sorbent's properties are enhanced due to the 

NPs are dispersed through the functional groups of 

cellulose without aggregation. In addition, cellulose 

derivatives are also contributed to remediate the metal 

ions from wastewater [32]. Therefore, cellulose is 

used as a support or an adsorbent to remove the dyes 

according to its powerful mechanical features and 

eco-friendly resource. Furthermore, it can easily be 

chemically modified with various functional groups 

[33,34]. Recently, Diana et al. have been prepared the 

cross-linked dicarboxymethyl cellulose and its 

application to remove MB dye [35].  

 

The aim of this study is to prepare copper oxide-

carboxymethyl cellulose (CuO-CMC) nanocomposite 

and its application to remove methylene blue dye 

from water solution. The nanocomposites will be 

prepared by the co-precipitation method using NaBH4 

as a reducing agent. The synthesized nanocomposites 

will be characterized by FT-IR, XRD, SEM coupled 

with EDX and TEM spectroscopy. The influences of 

the initial concentration of MB, contact time, 

adsorbent dosages, temperature, and pH of the 

solution will be investigated. Lastly, the adsorption 

performance of MB was studied by using the 

adsorption of kinetics, isotherm models, and 

thermodynamic. 

 

2. MATERIALS AND METHODS 
 

2.1 Materials 
 

Cellulose powder (C6H10O5)n, copper nitrate trihydrate 

(CuN2O6.3H2O 98%), sodium borohydride (98%), 

monochloroacetic acid (99%), methylene blue (Mw 
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373.7 g/mole), ethanol (99.9%), 2 propanol (99.8%) 

and sodium hydroxide (98%) were obtained from 

Sigma-Aldrich US Co. All the chemicals were used 

without further purification and all solutions were 

prepared using distilled water.  

 

2.2 Synthesis of CuO-CMC Nanocomposite 

 
In brief, CMC was prepared according to the 

procedure described by Khalil et al. [36] as follows: in 

a glass bottle (1mole) of cellulose was mixed with 

(1mole) of sodium hydroxide in the presence of water: 

isopropanol 3:3 (v/v) for 10 min. In the water bath, 

(1mole) of monochloroacetic acid was added 

dropwise to the mixture at 80
o
C for 3 h. The 

neutralization step was occurred by adding 5 drops of 

conc. HCl. Then, the final product was washed with 

an isopropanol/water mixture (70:30) using Soxhlet 

for 24 h. After that, the sample was dried at 70
o
C in 

an oven. The degree of substitution of prepared CMC 

was 0.58. The in situ deposition of CuO NPs into 

CMC structure was carried out according to the 

reported method [37] as follows: CMC (0.5 g) was 

added to 50 ml of copper nitrate trihydrate aqueous 

solution (0.01M) in Ultrasonic bath sonication for 30 

min. The prepared mixture was transferred to a 

mechanical stirrer and NaBH4 (1M) was added 

gradually with continuous stirring. The prepared 

sample was filtered, washed with distilled water,                      

and then dried at 60
o
C for 1 h. The dried sample                   

was transferred into a Muffle furnace at 300
o
C for 24 

h.  

 

2.3 Characterization 

 
Synthesized CuO-CMC nanocomposite was 

characterized using Fourier transform infrared 

spectroscopy (FT-IR, Agilent Technologies, cary630, 

Malaysia) in the range of 400 to 4000 cm
−1

. 

Crystallographic properties of the prepared 

nanocomposite were characterized by X-ray 

diffraction (XRD, Rigaku, Tokyo, Japan) was carried 

out with Cu-Kα radiation (λ = 0.154 nm) at 40 kV and 

30 mA and the ranging of 2θ from 5
◦
 to 75

◦
. The 

thermal stability of the prepared samples was 

investigated using a thermogravimetric analyzer 

(TGA), TA instrument model (Q 500-USA). Scanning 

electron microscopy equipped with an energy 

dispersive X-ray diffraction (SEM-EDX type JXA-

840 an electron probe microanalyzer-JOEL) was used 

to study the surface morphology and elemental 

analysis of the prepared nanocomposites. The size 

diameter and particle size distribution of the prepared 

nanocomposites were characterized using 

transmission electron microscopy (TEM ZEISS-EM-

10-GERMANY). 

2.4 Methylene Blue Adsorption 

 
Synthesized CuO-CMC nanocomposite was used to 

remove methylene blue according to [38]. as follows: 

The standard curve of methylene blue was prepared 

by using different concentrations (3, 7, 11, 15 mg/L) 

and the absorbance of each concentration was 

measured using a UV-Vis spectrophotometer 

(GENESYS 10S UV VIS, Thermo Scientific, 

Madison) at maximum wavelength λmax= 660 nm. 

Synthesized nanocomposites (2-10 mg) were added to 

the solution of MB with different initial 

concentrations (3-15 mg/L) for different adsorption 

times (0-48 h) at different adsorption temperatures 

(25-65
o
C) and pH values (2-12). The investigations 

were rehashed three times and CMC blank was 

performed, and the average concentration and average 

standard deviations were accounted. These 

experiments were conducted to investigate the 

isotherm and thermodynamic adsorption with 3 mg/L 

of MB initial concentration. Furthermore, the Kinetics 

of adsorption was carried out as follows: MB initial 

concentrations were (3-15 mg/L), pH was 5.5, time 

was 48 h, and 2.5 mg of the nanocomposite. The 

removal efficiency percent of MB was determined 

according to the remaining concentration after 

treatment. The dye removal percentage (%) was 

calculated by the following equation: 

                                               

                   
       

  
             

 

where Co is the MB initial concentration and Ct is the 

MB final concentration (mg/L) at a definite time.  

Furthermore, the amount of methylene blue adsorbed 

onto nanocomposite Q (mg of dye/ gm of adsorbent) 

was calculated according to following equation: 

 

        
        

 
                                        

 

where V is the volume (L) of MB solution and M is 

the mass of nanocomposites (g). 

 

3. RESULTS AND DISCUSSION 

 

3.1 Synthesis of CuO-CMC Nanocomposite 

 
CMC was prepared through two reaction steps; 

alkalization reaction follows by etherification 

reaction. In the alkalization process, the cellulose was 

treated with NaOH at room temperature in presence of 

inert solvent (isopropanol), which acts as a swelling 

agent to facilitate the penetration to the crystalline 

structure of cellulose. It solvates the hydroxyl groups 

and thus makes them available for etherification 
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reaction. In the etherification step, the sodium 

cellulosate was reacted with monochloroacetic acid to 

form carboxymethyl cellulose [39]. CMC-Cu
2+

 was 

formed by the metathesis of copper nitrate trihydrate 

aqueous solution and CMC at room temperature. The 

blue precipitate was formed indicated that the 

successful formation of CMC-Cu
2+

 via the ion 

exchange process [40]. Prepared CMC-Cu
2+

 was 

treated with (1M) of NaBH4 aqueous solution, the 

blue color of the precipitate was changed to black 

color which indicates the formation of Cu 

nanoparticles according to the following equation (3) 

[41]: 
  

Cu
2+

 + 4BH4
-
 + 12H2O → 2 Cu

0
 + 14H2 + 

4B(OH)3                                                                                            (3) 
 

Copper NPs was converted into CuO NPs with 

thermal processing at 300
o
C. The following proposed 

reaction mechanism of CuO-CMC nanocomposite 

formulation as shown in Fig. 1. 
 

3.2 Characterization of the Synthesized 

Nanocomposite 
 

3.2.1 FT-IR spectra  
 

FT-IR was used to confirm the existence of copper 

oxide nanoparticles in cellulose structure. Fig. 2 

shows the FT-IR spectra of A) Cellulose, B) CMC 

and C) CuO-CMC nanocomposites. Fig. 2A shows 

FTIR of native cellulose and the data show that the 

main band of OH groups at 3280 cm
-1

 and the bands 

at 2894 cm
-1

 due to C-H vibration. The characteristic 

bands at 1428, 1027, and 892 cm
-1

 indicated CH2 

bending, C-O-C pyranose ring vibration, and C-O-C 

stretching the β (1→4)-glycosidic linkage between the 

glucose units, respectively [42]. Fig. 2B shows the 

FT-IR spectra of thermal treated CMC at 300
o
C with 

increasing in width which corresponding to OH 

stretching vibration and there are two peaks at 1725 

and 1628 cm
-1

, which referred to the C=O group and 

stretching vibration of (COO-) group, respectively 

[43]. On the other hand, after generating of NPs onto 

CMC the peaks related to OH stretching and C-O-C 

pyranose ring vibration are disappear. Moreover, the 

bands of C=O and COO- groups stretching vibration 

were shifted from 1725, 1628 to 1704, 1572 cm
-1

, 

respectively with low intensity, implying coordination 

of COO- with Cu
2+

. In addition to the characteristic 

peaks for the CuO-CMC spectrum obvious a weak 

peak at 433 cm
-1

 that assigned to CuO vibration, 

proved the presence of CuO NPs on the CMC surface 

[44].  
 

3.2.2 XRD analysis 
 

In order to study the effect of CuO nanoparticles on 

the crystallinity of CMC, X-ray diffraction (XRD) 

analysis was used. Fig. 3A shows the XRD patterns 

for CMC, the main characteristic peak was observed 

at 2θ of 22.69 
o
 with low intensity, which is attributed 

to (200) planes of the crystalline structure of CMC. 

While Fig. 3B shows the XRD pattern of CuO-CMC 

nanocomposite this figure shows sharp and strong 

peaks at 2θ of 32.81, 36.66, 38.30, 54.31, 61.26, and 

65.60
o
, which are assigned to the (110), (111), (200), 

(020), (113) and (002) crystal planes respectively 

(JCPDS, 45-0397). In addition, two characteristic 

peaks were observed at 43.62
o
 (-111) and 73.75 (220) 

which corresponding to the copper metal this is 

attributed to a small portion of copper metals that did 

not convert into an oxidation state after thermal 

treatment at 300
o
C. The average crystallite size of 

copper oxide NPs was calculated using Scherrer's 

formula (4) and it was found 25-57 nm. 

 

    
   

      
                                                      (4) 

 

where D is crystallite size (nm), k is Scherrer 

constant= 0.89,  λ is the X-ray wavelength= 0.15425 

nm,   is the full width at half maximum of the peak 

(FWHM) and   is the Bragg angle [33]. 

 

3.2.3 Thermogravimetric analysis (TGA) 
 

Studying the thermal characteristics of strengthening 

ingredients is significant to distinguish their 

application as bio-composite handling at 

extraordinary temperatures [45]. Fig. 4 shows TGA 

investigation, and derivative thermogram (DTG) 

curves for native cellulose (Cell-OH), CuO/CMC, and 

CMC. Thermal degradation of Cell-OH), CuO/CMC, 

and CMC provided a primary weight residual in the 

variety of 50–200
o
C because the vaporization of 

lightly assured humidity on the surface of the 

specimens [46] (Li et al., 2009; Rosa et al., 2012). 

Cell-OH), CuO/CMC, and CMC samples display two-

step degradation. Onset temperature (Tonset) of the 

CuO/CMC and CMC started at 250
o
C respectively, 

while the onset temperature of pure cellulose started 

at 345
o
C, which are minor temperatures matched to 

the thermal degradation of pure cellulose. From Fig. 

4, the breakdown temperatures band for individual 

specimens can be understood in the derivative weight 

loss curve (DTGA curve). The maximum 

decomposition peak temperature of CuO/CMC and 

CMC is observed at 350
o
C, while, Cell-OH is 

observed at 360
o
C; at these temperatures, the cellulose 

will decompose affording to Jonoobi et al. [47]. The 

maximum degradation temperature of Cell-OH, 

CuO/CMC, and CMC is understood to be owing to a 

strong decrease in molecular weight of the samples, 

which makes them more liable to decompose when 

the temperature rises. It is also expected that 

hydrolysis of cellulose not only dissolves the 
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Fig. 1. Proposed reaction pathway for the synthesis of CuO-CMC nanocomposite 

 
Fig. 2. FT-IR analysis of the A) Cellulose, B) CMC and C) CuO-CMC nanocomposites 

 

amorphous areas, but also some crystalline areas [48]. 

Extra heating showed that from 380
o
C to 450

o
C the 

weight loss (DTGA curve) and residual weight of 

CuO/CMC and CMC was found to be higher compare 

to pure cellulose, this is maybe owing to the existence 

of crystalline cellulose polymorph which is basically 

heated renitent [48]. In observation of the 

aforementioned data, it was established that the CMC 

and CuO/CMC nanocomposites have good thermal 

stability. 

3.2.4 SEM and EDX analysis 

 

Fig. 5 (A, B) shows the surface morphology and 

elemental composition of the synthesized 

nanocomposite. Fig. 4A demonstrates CMC with a 

rod shape with 10.80 µm of diameter. In addition, Fig. 

4B displays a large change in the morphology of 

CMC due to the presence of both spherical shape and 

cubic shape of CuO NPs with a uniform distribution 

that covers the surface of CMC. 
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Fig. 3. XRD analysis of CMC and CuO-CMC nanocomposites 

 

 

 
 

Fig. 4. TGA (A) and DTGA (B) curves for cellulose CuO/CMC nanocomposite and CMC 
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Fig. 5. SEM and EDX images of A) CMC and B) CuO-CMC 

 

Furthermore, EDX spectral analysis clearly 

demonstrated the presence of CuO NPs in composite 

with the addition of the strong signal of oxygen and 

carbon at 8 and 9 KeV without any signal for 

contaminates.   

 
3.2.5 TEM analysis 

 
Fig. 6 shows the TEM images of CMC and 

CuO/CMC at high magnification power (500,000). 

Fig. 6A shows the image of CMC with a smooth 

surface without any traces of nanoparticles. The 

synthesized nanocomposite has particles in nano-size 

range, random distribution on the CMC surface, and a 

semi-spherical shape without any agglomerations has 

been shown as in Fig. 6B and C) at 100 and                         

50 nm scales also the particles displayed a size 

between 3 to 10 nm. To identify the crystal structure 

of nanocomposite the selected area diffraction 

(SAED) analysis was used as shown in Fig.                             

6D, it shows a small bright spot scattered around a 

bright circular central spot with different                       

diameters which further confirmed the single 

crystalline form as suggested by the XRD pattern. Fig. 

6F describes the histogram of the size of the 

nanoparticles into the CMC surface. Overall, 27.5% 

of nanoparticles have 4 nm size and 22.5% have 6 nm 

while the average size of the particles was found at 

5.421 nm. 

 

3.3 Adsorption of Methylene Blue at Different 

Parameters 

 
3.3.1 Effect of contact time  

 
Fig. 7 shows the effect of contact time (0-48 h) on the 

removal efficiency of MB by A) cellulose, B) CMC 

and C) CuO-CMC nanocomposite at 25
o
C, using 

initial MB concentration 3 mg/L, the volume of 

solution 10 ml, pH 5.5, and adsorbent dose 2.5 mg. 

Fig. 7 A shows the removal efficiency of MB by 

native cellulose was increased from 1.6 to 4.6 % and 

becomes constant at first 30 min. While Fig. 6 B 

shows the removal efficiency of MB was increased to 

6 % using CMC and becomes constant at the first 30 

min. Fig. 6 C shows the removal efficiency of MB 

was increased to 100 % when CuO-CMC 

nanocomposites were used and this attributed to the 

rapid adsorption and reduction of MB molecules on 

the nanocomposite surface in an aqueous medium 

[38]. Furthermore, it was accounted for that CuO NPs 

indicated amazing synergist action and selectivity on 

numerous catalytic reactions [49]. Considering the 

experimenting outcomes, one can recommend that the 

removal of dye in water followed the mechanism of 

both catalytic reduction and physical adsorption 

[50,51]. After MB adsorption, BET surface area 

analysis data of CuO/CMC nanocomposite was 

decreased from 80 m
2
/g to 13 m

2
/g, which attributed 

to the collection of MB on the surface of CuO/CMC 

nanocomposite. Moreover, at the beginning of the 

adsorption time at 1.5 h, it was observed that fast 

adsorption of MB occurred and this is attributed to the 

availability of available surface sites and carboxyl 

groups with a large surface area of the nanocomposite 

[52]. With increasing contact time, a little change in 

adsorption capacity occurred due to the lack of active 

sites on the material surface furthermore the removal 

efficiency of MB decreases with increases in contact 

time. In addition, through the adsorption process, the 

dye molecules migrated from an aqueous solution to 

the nanocomposite surface and then adsorbed by van 

der Waals force. Subsequently, the electrostatic 

interactions occurred when the cationic dye MB were 

close enough to the adsorption on the surface of CMC 

[53].  
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Fig. 6. TEM images of A) CMC, B and C) CuO/CMC at different magnification scales, D) SAED and F) 

Histogram of NPs size distribution 

 
 

Fig. 7. The removal efficiency percent of MB using A) cellulose, B) CMC and C) CuO-CMC 

nanocomposites using initial MB concentration 3 mg/L, volume of solution 10 ml, pH 5.5, and adsorbent 

dose 2.5 mg at 25
o
C using different contact time (h). 
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Fig. 8. Adsorption capacity (mg/g) of CuO-CMC nanocomposite using solution volume 10 ml, pH 5.5, and 

adsorbent dose 2.5 mg at 25
o
C for contact times (0-48 h) using different MB concentrations (3-15) mg/L. 

 

3.2.2 Effect of MB concentrations 

 

Fig. 8 shows the impact of the variety of the MB 

concentrations (3, 7, 11, and 15 mg) on the adsorption 

capacity of nanocomposite at 25oC, the volume of 

solution 10 ml, pH 5.5, adsorbent dose 2.5 mg. The 

data show that the adsorption capacity of CuO-CMC 

gradually increases with an increase in the dye 

concentration during the first hour until the 

equilibrium at 1.5 h. This is attributed to the plenty 

sites on the surfaces of nanocomposite then, it is 

slightly changed because the ions of methylene blue 

are looking to find available adsorption sites and once 

all the vacant adsorption sites of CuO-CMC 

nanocomposite had been occupied by MB molecules 

[53]. The values of adsorption capacity at 1.5 h (9, 21, 

35.8, and 42) mg/g for initial concentration MB (3, 7, 

11, and 15) mg/L, respectively. When the contact time 

is more than 1.5 h a little change in adsorption 

capacity is observed [53].   

 

3.2.3 Effect of temperature 

 

Temperature is a significant parameter in an 

adsorption procedure and the impact of temperature 

on the evacuation of MB was researched as appeared 

in (Fig. 9), at (25, 35, 45, 55, and 65
o
C), contact time 

1.5 h, initial concentration of MB 3 mg/L, the volume 

of solution 10 ml, pH 5.5, adsorbent dose 2.5 mg. The 

data delineated that, when the temperature extended 

from 25 to 65
o
C, the removal efficiency of MB 

increased from 57 to 86 %. This attributed to the 

increase in the mobility and diffusion of MB dye in 

solution, then an increase in the interaction between 

MB molecules and the active site of the adsorbent 

[20]. According to the adsorption of thermodynamic 

data, the ∆H° value was positive which indicated that 

the adsorption processes of MB onto CuO-CMC 

nanocomposite are endothermic in nature. 

 

3.2.4 Effect of CuO-CMC nanocomposite dosage 

 

Several dosages from (2 to 10 mg) of adsorbent were 

applied to investigate the effect of adsorbent amount 

on the removal of MB dye, at 25
o
C, contact time 1.5 

h, initial concentration of MB 3 mg/L, the volume of 

solution 10 ml, pH 5.5. Fig. 10 shows the removal 

efficiency percentage of MB increases with increase 

the adsorbent dosage from 2 to 8 mg and becomes 

constant at 10 mg, it is approximately 97 %. This 

attributed to the abundance of active sites for 

adsorption and increase of the surface area of the 

adsorbent. In contrast, the adsorption capacity 

decreased from 11 to 3.56 (mg/g). The removal 

efficiency and adsorption capacity were not changed 

when the adsorbent dosages were more than 8 mg. 

This phenomenon occurs due to an aggregation of 

adsorbent so this will reduce the surface area and 

active sites. The trend of results was similar with 

Ghulam et al. [21]. 
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Fig. 9. Removal efficiency of MB using 2.5 mg of CuO-CMC nanocomposite, initial concentration of MB 3 

mg/L, volume of solution 10 ml, contact time 1.5 h, pH 5.5, at different temperature (25-65
o
C). 

 

 
 

Fig. 10. Removal efficiency of MB and removal capacity (mg/g) using initial concentration of MB 3 mg/L, 

volume of solution 10 ml, contact time 1.5 h, pH 5.5 at 25
o
C using different dosage of CuO-CMC 

nanocomposite 

 

 
 

Fig. 11. MB removal efficiency using 2.5 mg of CuO-CMC nanocomposite with initial MB concentration 3 

mg/L, volume of solution 10 ml, contact time 1.5 h, at 25
o
C using different pH. 
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Table 1. Kinetic data of MB adsorption onto CuO-CMC nanocomposite 

 

Pseudo 2
nd

 order Pseudo 1
st
 order  

R
2

2 K2 (L/mg.h) R
2
1 k1 (h

-1
) Co (mg/L) 

940.0 941.0 94500 949.0 945 

94... 949.1 94.00 9495. 1 

94... 94900 94001 94951 145 

94.0. 9499. 94.0. 949.0 0 

 

3.2.5 Effect of pH 

 

Fig. 11 shows the impact of shifting the adsorption pH 

(2-12) on the adsorption parameters at 25
o
C, contact 

time 1.5 h, initial concentration of MB 3 mg/L, the 

volume of solution 10 ml, adsorbent dose 2.5 mg. 

Expanding the adsorption pH positively affects the 

MB evacuation rate. The MB removal rate increases 

from 7% to 44%. The straight and moderate addition 

is watched for a pH range of 2 to 8, at that point the 

fast exponential increment is identified. The veiling 

impact of the first positive charges over the 

nanocomposite has diminished because of the alkaline 

medium and empowers the negative ones from the 

nanocomposite to be pulled into the positively 

charged MB molecules [54]. 

 

3.3 Adsorption Kinetics 
 

Adsorption kinetics is important to characterize the 

adsorption process between the Liquid-Solid 

interfaces. In general, to confirm the best effective 

model two kinetic models were applied, pseudo 1
st
 

order and pseudo 2
nd

 order. The linear form of the 

pseudo 1
st
 order kinetic model can be expressed as the 

following equation (5) [55]: 

 

lnCt/Co = -kt                                                      (5) 

 

where Co is the initial concentration, Ct is the residual 

concentration of MB (mg/L) at a definite time t (h) 

and k1 is the rate constant for pseudo 1
st
 order (h

-1
), 

which can be calculated from plotting of ln Ct/Co 

versus time as shown in Fig. 12A. While the linear 

form of the pseudo 2
nd

 order model is represented as 

the following equation (6) [56]: 

 

1/Ct =1/Co + k2t                                                 (6) 

 

where k2 is the rate constant for pseudo 2
nd

 order 

(L/mg.h) which, can be calculated from a plot of 1/Ct 

versus time as shows in Fig. 12B. (Table 1) 

summarizes the values of the rate constants and the 

correlation coefficients for pseudo 1
st
 and pseudo 2

nd 

order. According to Fig. 12 and Table 1, it clear that 

the applicable model for describing the adsorption of 

MB by the synthesized material was the pseudo 2
nd 

order, which is consistent with a previous report by 

Hatem et al. [20]. The correlation coefficient values 

(R
2
2=0.949, 0.844, 0.8764 and 0.626) were found to 

be higher than those of the pseudo 1
st
 order (R

2
1= 

0.519, 0.413, 0.231 and 0.416). Obviously, the values 

of rate constants decrease gradually with increases of 

initial concentration of the MB duo to the active sites 

of nanocomposite. According to the above results, the 

adsorption of BM ([C16H18 N3S]
+
) cationic onto 

[CuO-CMC]
-
 anionic in aqueous solution is 

chemisorption which occurred by transfer, exchange 

or sharing electrons [57]. 

 

3.4 Adsorption Isotherms 
 

Distinctive isotherm models characterize the 

adsorption technique utilized. The most punctual 

utilized one is the Freundlich isotherm, which 

proposes that the adsorbent surface has heterogeneous 

site energies and multi-layers of sorption. 

Nevertheless, the Langmuir isotherm accepts a totally 

homogeneous surface with a limited indistinguishable 

number of locales, however, disregards the 

collaboration between the adsorbed particles and 

results in monolayer sorption [58, 59]. Equations (7) 

and (8) can express the linearized Langmuir and 

Freundlich isotherms respectively as following:                 

 
  

  
 

 

    
    

 

      
                                      (7) 

. 

where, Ce is the concentration of MB at equilibrium 

(mg/L), qmax is the theoretical maximum monolayer 

adsorption capacity of the adsorbent (mg/g) and KL is 

the constant of Langmuir (L/mg). The values of qmax 

and KL are determined from the plot between Ce/Qe 

and Ce. 

                                                                                                                     

lnQe = ln kF + 1/n lnCe                                        (8) 

 

WhereKFis the Freundlich constant (L/mg)which is 

represented the affinity of the adsorbate for the 

adsorbent and 1/n is the intensityof adsorptionthat is 

related to the multiplicity and heterogeneity of the 

surface, which are evaluated from the linear plot 

between ln Qeandln Ce. The type of the isotherm RL 

was determined according to the following equation:  

 

   
 

      
                                                       (9) 
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Fig. 12. Plots for the behaviour of adsorption MB, A) pseudo 1
st
 order and B) pseudo 2

nd
 order kinetics. 

 

Table 2. Isotherm adsorption parameters at 338 K 

 

Freundlich Langmuir Isotherm model 

R
2
 kF 

(L/mg) 

 
   R

2
 RL KL 

(L/mg) 

qmax 

(mg/g) 

Parameters 

94.0. 04510 94010 94000 940.1 941.. 199 Result 

 

 
 

Fig. 13. Isotherm plots for A) Langmuir and B) Freundlich model at 338 K 

 

According to Fig. 13A and 13B and, the fitting 

parameters in Table 2. The data show that the 

correlation coefficient value in the Langmuir model 

(R
2
) equal to 0.933) which, is higher than that the 

correlation coefficient value in the Freundlich model 

(R
2
) which, equal to 0.736) and the maximum 

adsorption capacity of adsorbent (qmax) equal 100 

mg/g. In addition, the values of  L and 1/n were 

0.261 and 0.933, respectively. The high correlation 

coefficient (R
2
 =0.933) demonstrates that the 

adsorption of the MB onto CuO-CMC nanocomposite 

fully obeyed the Langmuir isotherm.  

3.5 Adsorption Thermodynamics 

 
To investigate the adsorption mechanism of CuO-

CMC nanocomposite, the thermodynamic parameters  

including  Gibbs free energy change ΔG
o
 (kJ/mole), 

enthalpy change ΔH
o
 (kJ/mole) and entropy change 

ΔS
o
 (J/K. mole) were estimated by the 

thermodynamic formulas as shown in the equations 

(10) and (11) [60]: 
 

     
  °

 
 

   

  
     (10) 
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ΔG
o
 = -RT ln Kd                (11) 

 

where T is the system temperature (Kelvin), R is the 

gas constant (8.314 J/K. mole) and Kd is the 

equilibrium rate constant (L/g). The Kd value was 

calculated according to reported method as the 

following equation (12) (Kuang et al., 2020): 

 

  =
  

  
                                   (12) 

 
The ΔH

o
 and ΔS

o
 can be obtained from the slope and 

intercept of the lines between lnKd and 1/T as shown 

in Fig. 14 and the obtained results of thermodynamic 

parameters are listed in Table 3. The data show that 

the Kd
 
values increases from 14.879 to 30.569 (L/g) 

with increase of the temperature from 298 to 338 (K) 

and the all values of ΔG
o
 are negative in the all 

studied temperature. This confirmed that the 

adsorption process is spontaneous. Furthermore, the 

value of ΔH
o
 was in a positive (1.82 kJ/mole) which 

demonstrates that the adsorption process is 

endothermic. Another observation, the positive values 

of (ΔS
o
=8.65 J/K. mole) during the adsorption process 

due to the randomness of the solid-solution interface, 

when the active sites of nanocomposite combined 

with MB molecule in aqueous solution [61]. 
 

Table 4 shows the comparative study of adsorption 

capacity of prepared CuO/CMC nanocomposite with 

some reported adsorbents such as activated carbon 

lignin-chitosan, Brown macroalga, and chitosan/ 

graphene oxide, Graphene oxide/ lignosulfonate 

aerogel cross-linked by chitosan (GLCA). As 

recorded in Table 4, the CuO/CMC nanocomposite 

influenced a greater adsorption capacity against MB 

than the described adsorbents, containing brown 

macroalga, chitosan/GO, activated carbon, and lignin-

chitosan, while less than GLCA adsorbent. While 

such a comparison is not being impartially adequate

 
 

Fig. 14 Thermodynamic plot for MB adsorption 

 

Table 3. Estimated parameters of thermodynamic adsorption 

 

ΔS
o 
(kJ/mol.K)

 
ΔH

o 
(kJ/mol) ΔG

o 
(kJ/mol)

 
Kd  eruemrepme(K)  

.4.5 14.0 .4..-  1.4..0 00. 

.410-  16.739 09. 

.4..-  18.809 01. 

.4.0-  24.411 00. 

04.9-  0945.0 00. 

 

Table 4. Comparative study between the adsorption capacity of CuO/CMC and some reported adsorbents 

 

Adsorbent Adsorption capacity (mg/g) pH T (K) Reference  

Activated carbon 91.0 7 301 (Yener et al., 2008) [62] 

Lignin-chitosan 36.3 7 293 (Albadarin et al., 2017) [63] 

Brown macroalga 95.5 6.5 300 (Daneshvar et al., 2017) [64] 

Chitosan/GO 95.2 5.3 303 (Fan et al., 2012) [65] 

GLCA 1023.9 7.0  303 (Mingfang et al., 2019) [66] 

CuO-CMC  100 5.5 338 This study 
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because of the alteration in the conditions of the 

experiment. The stated adsorption capacities 

recommended that the obtained CuO/CMC 

nanocomposite could be more economical than the 

other adsorbents because cellulose is present in a large 

amount in many natural sources, and it can be 

obtained in many cheap ways. Also, the composites 

based on cellulose in an easy and inexpensive way, 

make it used to remove pollutants from water.  

 

4. CONCLUSION  

 
CuO-CMC nanocomposite was successfully 

synthesized by the co-precipitation method with 

thermal treatment, which is exhibiting a high loading 

yield of metal oxides onto the backbone of the CMC 

structure. Notably, the synthesized nanocomposite 

was exhibited high performances for removing 

cationic dye (MB) from an aqueous solution. FT-IR, 

XRD, SEM, EDX, TEM are physicochemical tools 

that used to characterize the prepared nanocomposite. 

FT-IR and XRD pattern showed that the presence of 

(COO) group and Cu-O bond and the crystallinity of 

CMC was damaged after generated CuO NPs on its 

surface. SEM and EDX analysis showed that the 

rough surface of CMC due to the precipitation of the 

CuO NPs which cover all of the surfaces. Moreover, 

TEM analysis confirmed that the synthesized 

nanocomposite has particles in nano-size range (3-10 

nm), random distribution, and a semi-spherical shape 

with a few tendencies of agglomerations. The factors 

affecting the adsorption capacity and removal 

efficiencies, such as the initial concentration of MB, 

contact time, temperature, adsorbent dosage, and 

solution pH were studied. The results showed that 

these factors affected positively. The adsorption 

capacities of MB on CuO-CMC were (12, 25.76, 

40.48, and 51.63) for initial concentration (3, 7, 11, 

and 15 mg/L) after 48 h. The experimental results 

agreed well with the Langmuir isotherm model with a 

maximum adsorption capacity (qmax = 100 mg/g) and 

the pseudo 2
nd

 order kinetics based on the correlation 

coefficients (R
2
) values which are higher than pseudo 

1
st
 order. In addition, the thermodynamic parameters 

were indicated a spontaneous and endothermic 

process for MB dye adsorption due to the negative 

values of ΔG
o
 and positive of ΔH

o
, respectively. 

Finally, these results recommended that the CuO-

CMC nanocomposite possesses are excellent potential 

to be applied as an adsorbent in the water treatment 

with good efficient, environmentally friendly, and 

inexpensive materials. Furthermore, this 

nanocomposite has been examined for corrosion 

preventing features and the results showed that                 

CuO-CMC nanocomposite were efficient                 

inhibitors for carbon-steel corrosion in acidic medium 

[67]. 
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