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Introduction 
Globally, the rapid development of manufacturing in many fields 

because of the vast population growth of many pollutants, such as 
heavy metals, organic and inorganic compounds, is released in the 
air and water. Due to their harmful to living organisms, the need for 
contaminant removal has become a challenging mission and neces-
sary [1]. Methylene blue (MB), despite its importance as coloring 
agents and pharmaceuticals, causes chest pain, restlessness, skin 
diseases such as cancer and psoriasis, apprehension, allergic der-
matitis, and eye burns when exposure directly to large doses [2-4]. 
Unfortunately, Due to the complex structures of MB that make it 
difficult to remove. Because of that, increasing attention has been 
on removing MB from the wastewater. Many techniques have been 
extensively used for the treatment and removal of dye from waste 

 
water, including photo-degradation [5], adsorption [6], coagulation, 
and flocculation [7], cation exchange [8], and advanced oxidation 
processes [9]. Remarkably, the adsorption technique has been at-
tracted attention because of its simplicity of design, ease of oper-
ation, high-efficiency, and environmentally friendly, which encour-
aged researchers to synthesize useful materials for this purpose 
[10]. Many adsorbents were applied to remove the dye, for instance, 
metal-organic frameworks (MOFs) and activated carbon.

In contrast, the non-renewable sources and high price of acti-
vated carbon and the pollution during the preparation process of 
MOFs are limit their application as adsorbents [11-13]. Many of 
the literature reports showed that metal nanomaterials effective-
ly remove the MB from solution; furthermore, nanofibrous cellu-
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lose membranes show the highly efficient adsorbent for removing 
MB [6,14,15]. Based on recent research, NiO nanoparticles have 
excellent catalytic results for removing MB. Nevertheless, nickel 
nanoparticles are unstable and sensitive to air because it must be 
immobilized onto support materials [16-19]. Moreover, cellulose is 
an abundant and renewable organic natural polymer and has many 
interesting properties such as high surface area, good adsorption 
capability, degradability, biodegradability, and good mechanical. 
Also, it contains plenty of hydroxyl groups, easily replacing them 
with other functional groups to improve its performance [20,21]. 
Carboxymethyl cellulose (CMC) is one of the most important de-
rivatives of modified cellulose obtained through the etherification 
reaction on C6 hydroxyl groups [22]. Its non-toxicity, high water 
solubility, marvelous light, and thermal stability have broad appli-
cations in an enormous field such as food, pharmaceutical, deter-
gents, and lubricants [23,24]. Numerous and diverse methods are 
used to prepare NiO nanoparticles and classified into the chemical 
and physical methods, including sol-gel [25], hydrothermal [26], 
solvothermal [27], and co-precipitation [28]. The last method is 
utilized in this work by sodium borohydride as a reducing agent 
that is efficient, straightforward, cost-effective, and safe because it 
does not need any toxic chemicals and cruel reduction conditions.

Furthermore, Fe3O4/polyoxometalates nanocomposites were 
synthesized and applied to adsorb the cationic dyes from aqueous 
solution [29]. In addition, the multiple uses of nanocomposites in 
environmental fields, they can be used in energy fields such as Ag/
SiO2 Core-shell Nanoparticles were inserted in a TiO2 mesoporous 
layer extensively to improve the performance of perovskite solar 
cells [30].

This work aims to synthesize a novel nanocomposite based 
on carboxymethyl cellulose containing nickel oxide nanoparticles 
(NiO/CMC) for efficient removal of MB from wastewater. The syn-
thesized nanocomposites will be characterized by Fourier trans-
form infrared spectroscopy (FT-IR), Scanning electron microscopy 
(SEM), Energy dispersive x-ray spectroscopy (EDX), Transmission 
electron microscopy (TEM), and X-ray powder diffraction (XRD) 
techniques. The effects of the first concentration of MB, contact 
time, nanocomposite concentration, temperature, and pH on the 
MB degradation outcomes by nanocomposites; moreover, the ad-
sorption kinetics, equilibrium isotherms, and thermodynamic will 
be investigated.

Materials and Methods
Cellulose powder (C6H10O5)n, nickel nitrate hexahydrate 

Ni(NO3)2.6H2O (98%), sodium borohydride NaBH4, (98%), 
monochloroacetic acid C2H3ClO2 (99%), ethanol (99.9%), 2-pro-
panol (99.8%), methylene blue [C16H18ClN3S, WARDS] and sodium 
hydroxide (98%) were purchased from Sigma-Aldrich US Co. They 
were used as received without further purification, and all solu-
tions were prepared using distilled water.

Preparation of carboxymethyl cellulose

CMC was prepared according to reported methods [31] as fol-
lows: 1mole of cellulose (10gm) was mixed very well by a mechan-
ical stirrer for 10 min with 1 mole of sodium hydroxide (3.08g) in 
the presence of water: isopropanol 3:3 (v/v) mixture and then 1.5 
moles of mono chloroacetic acid (9.64gm) was added with contin-
uous stirring. The reaction mixture was transferred into a ther-
mostatic water bath at 80 ∘C for 3 hrs. The neutralization step was 
occurred by adding drops of HCl conc. The prepared sample was 
filtered and washed by a mixture of water/isopropanol 30:70 (v/v) 
for 24 hrs. Finally, the washed sample was dried in an oven at 70 
∘C for 1 hr. The degree of substitution of the prepared sample was 
0.033.

Synthesis of NiO /CMC nanocomposites

The metal nanoparticles in situ cellulose modified surface using 
sodium borohydride as a reducing agent was carried out according 
to the reported method [32] as follows: 0.5 g of CMC was mixed well 
with 50 ml (0.01M) of nickel nitrate hexahydrate salts solution in 
Ultrasonic bath sonication for 30 min. Subsequently, 1M of NaBH4 
was added gradually under stirring with a mechanical stirrer un-
til it changed to black. Finally, the prepared sample was filtered off 
and washed several times with distilled water to remove the extra 
NaHB4 and dried in an oven at 60 ∘C for 1 hour. The dried sample 
was transferred into the Muffle furnace at 300 ∘C for 24 hrs.

Characterizations

Prepared NiO/CMC nanocomposites were confirmed for solid 
samples using Fourier transform infrared spectroscopy (FT-IR, Agi-
lent Technologies, cary630, Malaysia). The surface morphology and 
the prepared nanocomposite elemental composition were inves-
tigated by scanning electron microscopy coupled with dispersive 
energy X-ray diffraction (SEM-EDX type JXA-840 an electron probe 
microanalyzer-JOEL). Particle size diameter and prepared nano-
composite distribution were determined using a transmission elec-
tron microscope (TEM ZEISS-EM-10-GERMANY). The crystallinity 
of prepared composites was measured by X-ray diffraction (XRD, 
Rigaku, Tokyo, Japan) using Cu-Kα radiation (λ = 0.154 nm) at 40 
kV and 30 mA with 2θ range from 5o to 80o.

MB dye adsorption 

Methylene blue adsorption was studied according to the re-
ported method [33] as follows: a solution of MB with different 
concentrations (3,7,11,15 mg/L) were prepared. The different 
amounts of prepared nanocomposites (2,4,6, and 8mg) and 0.2M 
NaBH4 were added to each prepared MB solution at different tem-
peratures (25-65 ∘C) for different contact times (0-72 hrs.) with dif-
ferent pH values (2-8). MB’s removal was determined by measuring 
MB’s concentration before and after treatment with nanocompos-
ite using UV-Vis spectrophotometry (GENESYS 10S UV VIS, Thermo 
Scientific, Madison) at maximum wavelength λmax= 660 nm. The dye 
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removal percentage was calculated by the equation to follow:

( ) % 100o t

o

C C
Removal percentage

C
−

= Χ
    

(1)
 

Where Co is the initial concentration and Ct is the final concen-
tration of MB at a definite time (mg/L), and the removal capacity (q 
mg of dye/gm of adsorbent) was calculated according to the follow-
ing equations:

( )( / ) o tC C V
q mg g

M
−

=
                                   

(2)

where V is the volume (L) of MB solution, and M is the mass of 
nanocomposites (g).

Results and Discussion

FTIR analysis

FTIR spectroscopy is very useful to get information about 
chemical changes that occurred after chemical treatments. Fig-
ure 1a shows the spectra of native cellulose with large bands at 
3280 cm-1, 2894 cm-1, and 1428 cm-1, which corresponds to the 
OH-stretching vibration, C-H stretching vibration, and CH2 bending 
vibration, respectively. Nevertheless, bands at 1027 cm-1and 892 
cm-1 correspond to C-O-C pyranose ring vibration and stretching 
C-O-C of the β(1→4)-glycosidic linkage between the glucose units, 
respectively [34]. Figure 1b shows the CMC spectra, and the data 
display that two broad peaks at 1725 cm-1 and 1628 cm-1 corre-

spond to stretching vibration of OH and C=O of (COOH) group, re-
spectively [35]. Figure 1c shows the IR spectra of NiO-CMC, a peak 
that related to COOH becomes low intensity and shifted from 1628 
cm-1 to 1653 cm-1. On the other hand, a peak for the C-O-C pyranose 
ring becomes weak, and a characteristic peak has appeared at 457 
cm-1, which is assigned to NiO vibration; this means that the coordi-
nation between the carboxyl group and Ni metals is occurred [36] 
(Figure 1).

SEM and EDX analysis

Figure 2 shows the SEM and SEM-EDX spectra of microcrystal-
line cellulose, CMC, and NiO-CMC nanocomposite. The SEM images 
clearly show that regular flat shape with a semi-porous surface. NiO 
nanoparticles are well distributed inside the backbone of the CMC 
structure without aggregation. These images also show that CMC’s 
surface becomes rough due to a large deposition of semi-cubic 
shape nanoparticles with different sizes over the CMC surface, and 
plenty of NiO nanoparticles are visible with great levelness with 
the high distribution. SEM-EDX spectral analysis of microcrystal-
line cellulose, CMC, and NiO-CMC nanocomposite shows distinctive 
energy peaks at around 5 and 10 keV, which characteristic carbon 
of native cellulose, and two peaks from 10 and 22 keV, which char-
acteristic of oxygen for CMC. Figure 2c shows the EDX spectral anal-
ysis of NiO-CMC nanocomposite. The Figure shows that the distinc-
tive energy peaks around 76 and 80 keV, which characteristic NiO 
nanoparticles (Figure 2). 

Figure 1: FT-IR spectra of a) Cellulose, b) (CMC) and c) Ni-CMC nanocomposites.
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Figure 2: SEM and EDX spectroscopy images of a) Cellulose b) CMC, c) NiO/CMC nanocomposite.

TEM analysis

Figures 3 a,b shows TEM images of CMC and NiO-CMC nano-
composite, respectively. The images show that NiO/CMC nanocom-
posite is a particle with a spherical shape, dark spots, random dis-
tribution, and diameter size ranging from 15 to 42nm. Figure 3c 

shows that the histogram of nanoparticle size distribution on the 
CMC surface is 15.29% of particles with 28 nm size and 11.76% 
have 20nm. This confirms the immobilization of nanoparticles onto 
the CMC surface. Generally, the average size of the particles was 
25.80 nm (Figure 3). 

Figure 3: TEM images of a) CMC and b) NiO/CMC and c) Histogram of NPs size distribution.
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XRD analysis

To investigate the materials’ crystal structure and purity, X-ray 
diffraction (XRD) analysis was used. Figure 4A shows the XRD pat-
terns for CMC, the prominent characteristic peaks were observed in 
a region of 2θ from at 16.2o , and 22.8o were assigned to (110) and 
(200) planes of crystalline cellulose [37]. Figure 4B shows the crys-
tallographic behavior of the NiO-CMC nanocomposite. The peaks at 
2θ of 35.16, 43.91, 55.34, and 60.80o have been identified as peaks 
of cubic NiO crystallites, which are corresponding to crystal planes 

(111), (200), (220) and (311) respectively. The peak observed at 
2θo of 30.48o was identified for Ni2O3 (004), according to the stan-
dard spectrum (JCPDS, No.73-1519), and no other peaks corre-
sponding to nickel-metal were observed. Moreover, a characteristic 
peak at 2θ of 25.24o, indicating that the CMC surface’s nickel oxide 
nanoparticles did not change the CMC’s crystalline structure. Addi-
tionally, the average D values of metal oxide nanoparticles were cal-
culated using Scherrer’s formula (3), and it was found that the aver-
age diameter of metal oxide nanoparticles is 25 to 45nm (Figure 4).

cosnm
kD λ

β θ
=

     
(3)

where D is crystallite size (nm), k is Scherrer constant= 0.89, 
λ is the X-ray wavelength= 0.15425 nm, β is the full width at half 
maximum of the peak (FWHM), and θ is the Bragg angle [38].

Degradation of methylene blue

Effect of contact time 

The influence of the difference in contact time (0-72 hours) 

on MB removal percentage by different adsorbents A) cellulose, B) 
CMC and C) NiO-CMC was investigated at 25 oC, initial concentra-
tion of MB solution (3 mg/L), pH 2, adsorbent dose 2.5mg in the 
presence of (0.2M NaBH4). Figure 5A shows that the removal effi-
ciency percent of MB by cellulose was increased from 1.6 to 4.6 % 
in the first period and then becomes constant. Furthermore, it can 
be observed that the MB removal efficiency percent was increased 
to 6 % in the case used of CMC, as shown in Figure 5B. This is due 
to many sites were available in the initial period. The longer the 
contact time, the active site to be limited, and there is a decrease in 
adsorption (Figure 5).

Figure 4: XRD patterns of the CMC (A) and NiO-CMC (B).

Figure 5: The removal efficiency percent of MB at a different time (hours) by A) cellulose, B) CMC, and C) NiO-CMC nanocomposites.
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In comparison, the dye removal efficiency percent was achieved 
to 99.98 % by increasing the contact hour in the presence of NiO-
CMC nanocomposite, as can be seen in Figure 5C. This is attributed 
to the nanoparticles that will accelerate the reduction process of 
MB by transferring the electrons from BH-

4, which is a (donor) to 
MB (accepter) [39]. The high removal percentage of the synthe-
sized nanocomposites observed in this study will attract more at-
tention in the future for wastewater treatment.

Effect of initial dye concentration 

Figure 6 displays the adsorption capacity q of NiO-CMC nano-
composite at different MB concentration Qt (3, 7, 11 and 15 mg/L) 

for different contact time (0 -72 hours) at 25 oC, pH 2, adsorbent 
dose 2.5 mg and 0.5 ml of (0.2M NaBH4). The data show that the ad-
sorption capacity of NiO-CMC gradually increase with increases the 
dye concentration during the first 1.5 hours until the equilibrium 
at 4 hours and 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. The 
adsorption capacity values at 4 hours (9.36, 12.32, 17.6, and 16.52) 
mg/g for initial concentration MB (3, 7, 11, and 15) mg/L, respec-
tively. When the contact time is more than 4 hours, a little change in 
adsorption capacity is observed.

Figure 6: Effect of initial dye concentration on the adsorption of MB by NiO-CMC nanocomposite.

Effect of temperature

Figure 7 demonstrates the effect of temperature on adsorption 
of MB using NiO-CMC nanocomposite. The condition of experiment 
was initial concentration of MB 3 mg/L, dose = 2.5 mg, for contact 
time 4 hours, pH 2, and 0.5 ml of (0.2M NaBH4). The data show that 

the MB adsorption increases with increasing the temperature from 
25 to 65 oC and increases the removal efficiency percent from 44 to 
90 %. This confirms that the process of MB adsorption by NiO-CMC 
is endothermic based on the thermodynamic of adsorption data.

Figure 7: Effect of temperature on the adsorption of MB by NiO-CMC nanocomposite.

https://dx.doi.org/10.33552/JTSFT.2021.08.000685


Citation: WA Albokheet, Mohamed Gouda, Y Al-Faiyz. Removal of Methylene Blue Dye Using Nickel Oxide/Carboxymethyl 
Cellulose Nanocomposite: Kinetic, Equilibrium and Thermodynamic Studies. 8(2): 2021. JTSFT.MS.ID.000685. 
DOI: 10.33552/JTSFT.2021.07.000685.

Journal of Textile Science & Fashion Technology                                                                                                                 Volume 8-Issue 2

Page 7 of 10

Effect of nanocomposite amount 

For investigating the impact of the necessary adsorbent amount, 
various amounts of NiO-CMC nanocomposite from 2 to 8 mg were 
added to 10 mL of 3 mg/L MB solutions. The results of these experi-
ments are illustrated in Figure 8. This Figure shows the MB removal 
efficiency percent increase with the increasing adsorbent amount 
to reach 75 % using 0.008 g of adsorbent. The increase of the avail-
able surface for the adsorption process explains how the removal 

percentage increased from 25 to 75 %. The adsorption capacity de-
creased from 4.5 to 2.7 mg/g. The fixed amount of the available MB 
molecules is the limiting factor here. When the amount of adsor-
bent increased, the removal percent and Qe values were increased, 
and in amounts of adsorbent greater than 4.5 mg, these values were 
decreased. This is attributed to the saturation of the adsorbent ac-
tivated sites takes place [40]. So, for the rest of the experiments, 4.5 
mg of adsorbent was used for dye removal (Figure 8).

Figure 8: Effect of the amount of NiO-CMC nanocomposite on the adsorption of MB.

Effect of pH

pH is an important reason for the adsorption process. It can 
promote or decrease adsorbent ionization and dye. Figure 9 shows 
the removal efficiency percent of MB increase with pH increases 
from 2 to 6 and then becomes almost constant at pH more than 6. 

This behavior is due to CMC’s active sites carrying a negative charge 
while the MB carries a positive charge, which causes an electrostat-
ic force between them and attracts many MB cations from the solu-
tion. In contrast, at lower pH, the positive charge increases on CMC, 
then the electronic repulsion takes place with MB cations [41].

Kinetics of adsorption

Figure 9: Effect of pH on the adsorption of MB by NiO-CMC nanocomposite.
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Figure 10 (A, B) shows the application of adsorption kinetics 
models pseudo-first-order and pseudo-second-order of MB dye ad-
sorption on NiO-CMC nanocomposite. During the adsorption pro-
cess, the electrostatic interaction occurred when the MB molecules 
(cationic) migrated from the aqueous solution to the nanocompos-
ite surface. Regarding all adsorbents, the most generally applicable 

model for describing the MB dye adsorption process is the pseu-
do-second-order [42]. In order to find out the adsorption process 
followed pseudo first order kinetics or pseudo-second-order, the 
following generalized first pseudo order kinetic equation (4) and 
pseudo-second-order equation (5) was employed [43]. 

Figure 10: Kinetics plots a) Pseudo first order and b) pseudo-second-order of MB dye adsorption on NiO-CMC nanocomposite.

1 /t oln C C k t= −                  (4)

where Co is the initial concentration and Ct is the residual con-
centration of MB (mg/L) at a definite time t (min), and k1 is the rate 
constant for pseudo-first-order (h-1), 

21/ 1/ Ct oC k t= +               (5)

where k2 is the rate constant for pseudo-second-order (L/
mg.hrs) [44]. S1 summarizes the rate constant values K1, K2 n, and 
the correlation coefficients, R2

1 and R2
2 of MB degradation for pseu-

do-first-order and pseudo-second-order, respectively. It clarifies 
that the adsorption of MB onto NiO-CMC followed the pseudo-sec-
ond-order model based on the correlation coefficients (R2

2) values, 
which are close to the unity (R2

2=0.977, 0.982, 0.969 and 0.992) 
whereas the values of R2

1 for pseudo-first-order are (0.720, 0.922, 
0.854 and 0.966). The values of rate constants were decreased grad-
ually with the increase of MB’s initial concentration from 3 to 15 
(mg/L) due to by increasing the concertation of MB, the active sites 
of nanocomposite become limited by MB molecules. This confirms 
that the pseudo-second-order satisfactorily describes the best ki-
netic model for MB’s adsorption by NiO-CMC nanocomposite. 

Isotherms of adsorption 

To understand the distribution of MB molecules on nanocom-
posite (liquid-solid) phases at equilibrium, adsorption isotherms 
are used by analyzed experimental data for the Langmuir and Fre-
undlich models. Langmuir model assumes that the adsorbate mol-

ecules MB can be the only adsorption on one active site without in-
teraction between the adsorbent molecules and after equilibrium, 
there is no supplemental adsorption. It is expressed in equation (6) 
as follow [45].

max max

1 1e
e

e L

C C
Q q q K

= +
   

(6)

where Ce, Qe, qmax, and kL are the equilibrium concentration of 
MB (mg/L), the amount of MB dye adsorbed by adsorbent (nano-
composite) at equilibrium (mg/g), the theoretical maximum mono-
layer adsorption capacity of the adsorbent (mg/g) and constant 
of Langmuir (L/mg), respectively. From the plotting  Vs Ce we can 
determine qmax and KL as shown in S2a. RL is the dimensionless con-
stant separation factor. It is an essential characteristic of this model 
to predict if the adsorption is favorable or not, and it can be calcu-
lated from equation (7)

1
1L

L o

R
k C

=
+    

(7)

Where Co is the highest concentration of MB. If RL’s value was 
between zeros to one, which indicates that the adsorption process 
is favorable. On contrary, if RL > 1 is unfavorable process while, if 
RL = is liner. On the other hand, Freundlich is suggested that the 
multilayer adsorption of adsorbate (MB) on adsorbent surfaces 
(non-ideal adsorption). The linear equation form of the Freundlich 
model as following in equation (8) [46]:
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 Q ln 1 /   e f eln k n ln C= +
    

(8)

where kF and 1/n are the Freundlich constant (L/mg) and the 
adsorption intensity, respectively. It is necessary to determine val-
ues of them from plotting ln Qe Vs Ce as shown in S2b) if the value 
of 1/n < 1 suggests normal adsorption (Langmuir isotherm), while 
1/n > 1 indicates the adsorption process is cooperative.

Based on the S3, which summarized the parameters of tow iso-
therm models, it was observed that R2 value for the Langmuir mod-
el is higher than Freundlich, which equals 0.964 with maximum ad-
sorption capacities 18.52 (mg/g) and RL equal 0.057, which below 
the unit and this means that, there is a strong correlation between 
MB molecules with active sites of an adsorbent. Moreover, 1/n was 
0.22, which confirms that the adsorption approach of MB on NiO-
CMC nanocomposite is favorable by homogeneous monolayer.

Thermodynamic of adsorption

Thermodynamics behavior was studied for adsorption of MB 
onto nanocomposite. The parameter of thermodynamic calculated 
by van’t Hoffs equation as follow (9) 

ln d
S HK
R RT

ο ο∆ ∆
= −

    
(9)

where Kd, ΔSo, ΔHo, T and R are the equilibrium rate constant 
(L/g), the standard entropy (ΔSo) (J/mol.K), the standard enthalpy 
(J/mol), temperature(K) and gas constant (J/K.mol), respectively 
and equation (10) to calculate the standard Gibbs free energy ΔGo 
(J/mol).

 ln dG RT Kο∆ = −    
(10)

From the plot of lnKd Vs 1/T ΔSo and ΔHo values can be obtained 
by intercept and slop respectively, as shown in S4 [38] (Taher, Ro-
hendi, Mohadi, & Lesbani, 2018). All parameter values are listed in 
S5. It was evident that the ΔSo value was positive (19.14 kJ/mol.K), 
which indicates that the randomness of the solid (nanocompos-
ite) −solution (MB) interface increased when the dye molecules 
become close to the active sites of nanocomposite during the ad-
sorption process [15]. The ΔHo values were positive (5.54 kJ/mol), 
which means MB’s adsorption onto nanocomposite is an endother-
mic process. All values of ΔGo are negative, and ΔGo values decrease 
from -2.82 to -10.04 (kJ/mol) with an increase of adsorption tem-
peratures from 298 to 338 (K). This indicates that the adsorption 
process is spontaneous at various temperatures.

Conclusions
Nickle oxide-carboxymethyl cellulose nanocomposite has been 

successfully synthesized and applied to remove methylene blue 
from aqueous solution. The synthesized nanocomposite was char-
acterized using FT-IR, SEM, EDX, TEM, and XRD, and the obtained 
data showed that NiO nanoparticles were chemically bonded and 

well distributed inside the backbone of the CMC structure without 
aggregation. Furthermore, NiO/CMC nanocomposite has appeared 
as a particle with a spherical shape, dark spots, random distribu-
tion, and diameter size ranged from 15 to 42nm. Also, XRD data 
showed that the CMC surface’s nickel oxide nanoparticles did not 
change the crystalline structure of the CMC. The Langmuir criterion 
for MB removal (K) indicates that the Nickle oxide-carboxymethyl 
cellulose nanocomposite was extremely efficient in removing MB 
with low sorption energy. According to Langmuir isotherm, the 
most significant sorption capacity was found 3.03 (mg/g) at 25 oC. 
The kinetic data showed that the process was a pseudo-second-or-
der process, and the isotherm model was fitted firmly. Thermody-
namic parameters showed that ΔSo and ΔHo values were positive 
and all values of ΔGo were negative, and ΔGo values decreased with 
increasing of adsorption temperatures from 298 K to 338 K, which 
indicated that the adsorption of MB by nanocomposite was endo-
thermic and spontaneous processes. 
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