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harmful organic pollutants that haven't been handled
1. INTRODUCTION have been released directly to water, affecting the water's
quality and aquatic life[1] Metals, phosphate, pathogens,
organic matter, hydrocarbons, and dyes are the principal
contaminants in wastewaters.[2] Dyeing wastewater is
characterized by a high volume, complex components,

Water contamination has become a huge problem for
humans and the environment as a result of technological
progress. As a result of increased industrialization,
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and high toxicity, so its treatment has garnered the
interest of different researchers. [3]

Multiple industries, including paper, textiles, plastic, ink,
paint, ink [4], rubber, leather, food, and cosmetics[2]
a variety of organic dyes are utilised, with approximately
15% being lost during synthesis and processing with wa
stewater.[4] Including synthetic colors, industrial waste
effluent has many hazardous compounds that harm
human health and the environment. [5] Methylene blue
(MB) (C16H18CIN3S) is the most widely used dye for
colouring cotton, silk, and wood. It can cause nausea,
profuse, vomiting, red blood cell destruction, and
methemoglobinemia.[6] Also, crystal violet (CV)
(C25N3H30CI) is a much more lethal form of
triphenylmethane dye. The complex aromatic structures
and physicochemical features of CV dye give it excellent
thermal, chemical, and light stability.[6] Crystal violet is
an industrial dye used as a biological stain and, in the
production of dyes, belongs to the triphenylmethane
family of dyes. Most members of this huge family are
known to be carcinogenic and mutagenic, despite their
widespread use in industrial applications. It is believed
that the presence of CV in the water system represents a
danger to human health.[5]

A number of effective wastewater treatment methods
for removing such contaminants were investigated.
Chemical oxidation, electrochemical treatment, reverse
osmosis, ozonation, nanofiltration, advanced oxidation
processes,[6] aerobic processes, coagulation, anaerobic
processes, flocculation[7], biological techniques,
membrane filtration, and adsorption [4]. Among these,
the adsorption method one of the most often
utilised methods in dye-related sector such as coating,
wool, paint, and textiles, with the primary purpose of
removing dye residue from effluent.[7] The advantages
of the adsorption method are low cost, easy operation,
high safety, and high pollutant removal efficiency. The
effectiveness of adsorption removal depends on the
functional group properties of the adsorbate molecules
(molecular size, functional groups). Structure and
morphology of the adsorbent's surface (specific surface
area, surface charge, and functional group).[8]
Adsorption technology, including porous solids with a
large surface area, is used to remove contaminants from
liguid or gas effluents.[9] Nanomaterials with
dimensions between one and one hundred nanometers
have a number of benefits, including an increase in
surface bulk volume ratio and surface area. This results
in the effective cleansing of waste water. [10]

Clay, activated carbon, and mesoporous materials are
among the several adsorbents exploited in the purificatio
n of coloured waters that are described in the scientific lit
erature, [11] bentonite, activated alumina, charcoal, and
zeolites. They also have problems like a short useful life,
a high consumption rate, and a hard time regeneration.
So, it is important to make new adsorbents that are very

useful. Cellulose is a naturally occurring polymer that
can be found in wood, cotton, cotton linters, wheat,
straw, reads.[12] The annual production of cellulose is
anticipated to exceed 7,510 metric tons. The hydroxyl
groups on the cellulose molecule give locations for
chemical alteration to improve the electrochemical
interaction of cellulose with other molecules, hence
enhancing adsorption capacity.[13] Carboxymethyl
cellulose (CMC) is a main cellulose byproduct that is
tasteless, odorless, soluble in water, and non-toxic.[14]
NaCMC is a polysaccharide composed of water-soluble
cellulose derivative containing carboxymethyl groups
bonded to hydroxyl groups of glucopyranose monomers.
Due to their superior protective capabilities and eco-
friendliness, cellulose and its derivatives have been
utilized in several domains, such as corrosion inhibitors
and multidrug-resistant illnesses, in recent years.[15] The
addition of various functional groups can increase the
adsorption capacity of polymeric nanoparticles by
facilitating contact between the nanoparticles and
different locations on contaminating molecules (such as
dyes).[16]

The purpose of this effort is to investigate the impact
of modified CMC (sulfonate carboxy methyl cellulose)
as nano adsorbent on the removal of both cationic dyes
(MB& CV) from water. The adsorption-influencing
parameters, including adsorbent dosage, initial dye
concentration, temperature, pH, and contact time, were
optimized for maximal dye removal from the aqueous
solution. The modified CMC was characterized using
transmission electron microscopy (TEM), zeta potential,
Fourier transform infrared (FT-IR) spectroscopy, and
scanning electron microscopy (SEM).

2. MATERIALS AND METHODS

2.1 Materials

Sodium Carboxy Methyl Cellulose (NaCMC) low
viscosity (ADWIC, pure lab. Chemicals), Sodium sulfite,
Ethanol (made in Germany), Epichlorohydrin (ECH)
C3H5CLO (LOBA Chemie). The most common
contaminants are the cationic dyes Methylene blue (MB)
and Crystal violet (CV). Table 1 lists the molecular and
chemical formulas as well as further details on both
colors. [17] Hydrochloric acid (HCI) Sodium hydroxide
(NaOH) and were employed to regulate the pH during
batch tests designed to determine the effect of processing
factors.

Table 1. C.F, M.F, and M.P for both dyes (MB) and (CV).

Properties of both Crystal Violet (CV) Methylene Blue

dyes (MB)
CF CasH3oCIPN;3 Ci16H11.CIPNsS
M.F 408 g/mol 319.85 g/mol
M.P 205°C 100-110°C
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2.2 Preparation of Sulfonate
Methyl Cellulose (SCMC)

Prepare a mixture by preparing a solution of 2%
CMC low viscosity (dissolve 2 g CMC in 80 ml H20) to
0.5 ml epichlorohydrin (ECH) and stirring them for 2
hours at room temperature. Then add 0.4 ml ECH and a
solution of sodium sulfite (dissolve 3 g in 20 ml H20).
After that, the mixture refluxed on a water bath at 550
for 2 hours and cooled. The product was precipitated in
ethanol, filtered, and then dried at 500 C over night.
Finally, the final product was converted into
nanoparticles using a ball mill.

Carboxy

2.3 Characterization Studies

Using Fourier Transform Infrared Spectroscopy, the
chemical structure of the produced adsorbent was
analyzed (FTIR, BRUKER, TENSOR 37 spectrometer).
Using scanning electron microscopy (SEM), the physical
characteristics of SCMC adsorbent surfaces were
investigated (JEOL JSM-6010LV). Changes in the
surface morphology of the produced adsorbent were
analyzed using Transmission Electron Microscopy
(TEM) (JEOL JTM-1400), Japan, and the zeta potential
was determined using  Transmission  Electron
Microscopy (TEM) (MALVERN, ZETASIZER, Nano-
ZS).

3. RESULTS AND DISCUSSION

3.1 Fourier Transform Infrared (FT-IR)

Fourier transform infrared (FTIR) spectroscopy was
utilized to determine the surface functional groups of
modified cellulose sulfonate carboxy methyl cellulose
(SCMC). As shown in Fig. 1.a, the peak at 3432 cm-1 in
the FTIR spectrum of CMC is owing to the stretching
vibration of the (OH) groups of
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Figure 1: FTIR (a) CMC and (b) SCMC
cellulose. [18] Additional peaks at (2923 cm-1 and 1422
cm-1 and 1599 cm-1) correspond to (C-H), (COO), and
(C=C) bonds, respectively.[19] By addition of sulfate
group a new sharp peak appear at (900-1100 cm-1) was
due to -SO4 group[20] and decrease in the other peaks at
3340,2923,893 c¢cm-1 for -OH,C-H and C=0O group,
respectively. And decrease in vibration motion at peak
1186-1588 cm-1for C=C bond. According to FTIR
analysis the shift in OH, C=0 may be due substitution of
some of the hydroxyl groups with other functional

groups, such as sulfonate and some of the
original carbonyl groups in the cellulose structure have
been modified or removed[6]. Overall, the decrease in
these peaks suggests that significant modifications have
been made to the cellulose structure in the SCMC
sample.

3.2 Scanning Electron Microscopy Analysis
(SEM)

The morphology of the produced adsorbents and the
nature of the utilized polymers can greatly impact the
adsorption capabilities of  SCMC (Sodium
carboxymethyl cellulose) nanoparticles.  Sulfonate
groups are hydrophilic and can form strong hydrogen
bonds with water molecules, which can increase the
solubility and dispersibility of the NaCMC particles in
water. This can lead to a more uniform distribution of the
particles in the aqueous solution. As demonstrated in
Figure 2 (a), the morphological structure of the produced
adsorbents and the natively utilized polymers was
studied using SEM. The surface of native CMC was
characterized by an irregular granular surface.[10] In
Fig.2 (b) it is noticeable that the surface of MMT is
compact and flat, exhibiting crystal characteristics.

Nanoparticles of SCMC have numerous pores and a
large surface area, and there is a strong chance that dyes
will be absorbed into these pores.[21] The morphology
of the adsorbents plays a significant role in determining
the surface area and pore size distribution of the
adsorbent. A larger surface area and a narrow pore size
distribution can enhance the adsorption capacity of the
adsorbent, as it provides more surface area for the
adsorption of the target molecule and a more uniform
pore size distribution, allowing for more efficient access
to the active sites on the surface of the adsorbent.[22]
The well-dispersed pattern of sulfonate groups in
NaCMC molecules can also be an indication of the
average particle size. In general, smaller particles tend to
be more uniformly dispersed in solution compared to
larger particles. [23]

Figure 2: SEM analysis (a)CMC and (b)SCMC.

3.3 Transmission Electron

(TEM) Analysis

Fig. 3 shows the TEM microphotograph of the
SCMC nanoparticles. Almost all the sulphonate groups
are well dispersed in the NaCMC molecules,[21] the
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TEM results also suggest that the average particle size
was between (1.63 and 10.46 nm). Due to SCMC's
aggregation behavior, rough surface layer interfaces
can be significantly improved.More SCMC increases su
rface irregularity and nano-size uniformity.[24]

Figure 3: TEM analysis for SCMC.

3.4 Surface Characterization of SCMC

At pH 7, the zeta potential of the investigated SCMC
was measured and found to be -44.6 mV. When the total
charge on as adsorbent's surface is zero and the zeta
potential is also zero, the surface is said to be neutral. pH
is measured in terms of the point of zero charge
(pHPZC).[25]

3.5 Reusability Test

Adsorption-desorption  cycles were used to
investigate the reusability of the prepared SCMC for MB
and CV adsorption.

After the adsorption process was complete, the adsor
bed dye was isolated from the batch adsorption runs and
immersed in a desorption agent solution (50 mL) contain
ing 1 M HCI. [10]

3.6 Studies on Point of Zero Charge (pHzpc)

pHzpc was studied adjusting 0.01 M NaCl's pH to 2—
12 using NaOH or HCI. Then, 0.05 g of adsorbent was
added to 10 mL of 0.01 M of NacCl in conical flasks.
pH was measured after 24 hours in the flasks. (pHfinal-
pHinitial) vs. pH initial graphs were then drawn. [26]

3.7 Effect of Initial Dye Concentration and
Contact Time

The influence of contact time on the elimination of
cationic dyes is seen in Fig. 4 when the studies are
conducted using solution with concentration of 30
mg/L with 0.05 g of nanoparticles of SCMC adsorbent
at 298 K and pH 7. The favorable interaction between
the anionic sulfonate group and the cationic methylene
blue dye results in higher dye removal capability at the

first stage. As the adsorption process progresses, dye
molecules partially or completely cover the adsorbent's
surface, resulting in decreased absorption. [27]

Fig. 5 illustrates the effects of starting solution
concentration on MB and CV elimination and dye
absorption (qt) at 298 K for concentrations from 10 to
100 mg. L-1, 0.05 g SCMC nanoparticles as adsorbent,
and pH 7. The results reveal that CV and MB dye
removal from water decreases with increasing of
solution dye concentration.[17] MB was eliminated
from (91.41 to 49.9) and CV from (98.1 to 47.7). Nano
adsorbents may have huge active sites that can bind
dyes at low concentrations but become saturated at
high doses.[19]
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Figure 4: Effect of contact time on MB and CV

removal (initial concentration 30 ppm, temperature
25° C, pH=7, adsorbent dose=0.05g).
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Figure 5: Effect of initial concentration on MB
and CV removal (temperature 25° C, pH=7,
adsorbent dose=0.05g).

3.8 Effect of Adsorbent Dose

Due to an increase in adsorption site and surface area,
the proportion of dye that is removed rises as adsorbent
dosage increases. Adsorption behavior is determined by
the amount of sorbent used. In order to achieve this
result, we used SCMC nanoadsorbent in different doses,
dyes at 30 ppm, pH 7, and 120 min of contact
duration.[28] As shown in Fig.6 For MB, this increased
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from 85.6 to 93.6, while for CV, it went from 91.1 to
98.59. However, at large adsorbent dosages, the removal
percentage rose slowly, demonstrating that dye
adsorption equilibrium had already been achieved.

Initially, increasing the adsorbent dosage increased
the removal of both cationic dyes.[29]. At first, the
nanoadsorbent's surface has a lot of active sites that help
dyes penetrate it, but as the amount of adsorbent rises,
more particles become agglomerated on the MB and CV
surfaces, which slows down the adsorption process
somewhat.[19]
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Figure 6: Effect of SCMC dosage on MB and CV
removal (initial concentration 30 ppm, temperature 25°
C, pH=7).

3.9 Effect of Temperature

One of the most critical elements impacting adsorptio
n behaviour is temperature. The effect of process
temperature on the proportion of elimination cationic
dyes by using nanoparticles of SCMC was investigated
at (298, 303, and 318 K), an initial concentration of MB
and CV of 30 ppm, an amount of nano SCMC of 0.05 g,
and a solution pH of 7. Figure 7 shows that the amount
of adsorbed CV and MB increased when the temperature
was elevated. This might be because when the
temperature rises, there is a greater diffusion of dye
molecules and a large number of active sites grow on the
surface of nano SCMC. However, beyond a certain
temperature, the saturation of the adsorbent surface with
both dye molecules (MB and CV) may lead to a minor
rise in the percentage of dye removal.[10]
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Figure 7: Effect of different temperature on MB and
CV removal (initial concentration 30 ppm, adsorbent
dose 0.05 g, pH=7).

3.10 Effect of pH

One of the most important things to look at is the pH
of the solution. that determines the overall adsorption
rate. Using 0.05 g of adsorbent, an initial concentration
of 30 ppm, and a temperature of 298 K, the effect of
solution pH on the elimination of MB and CV dyes from
an aqueous solution was investigated by varying the
range from 3 to 11. As shown in Figure 8
The end point of the pH is where the curves meet the hor
izontal line. This point has a value of 7. If pH is below
pH zpc, the surface charge of the adsorbent goes up
(positive), and if pH is above pH zpc , the surface charge
goes down (negative). [26] As seen in Figure 9, the
clearance of MB&CV first increases as pH increases but
decreases as pH increases further.[30] In the presence of
an acidic solution, the collision between positive ions
and cationic dyes reduces the adsorption between the

o = N W

pHfinal-pHinitial

pH initial
Figure 8: pHpzc of SCMC

cationic dye and the nanoparticle adsorbent due to the
high concentrations of H+ ions.[17] At high pH, the
concentration of (OH-) ions in a solution increases. In
this instance, the cationic dyes react with the (OH-) ions
in the solution to form complexes rather than adsorbing
on the nanoparticle PCMC surface, hence decreasing the
adsorption rate.[31]
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4. EQUILIBRIUM ISOTHERMS

100 mL of DW (H,0) were used to dissolve 0.1 g of
each dye. a stock solution of 1000 ppm (mg/L) of CV
and MB was created, and the desired concentration was
obtained by dilution.[6]

The kinetics of adsorption, thermodynamics, and isot
herms were studied. The initial and final concentration of
solution containing dye (MB and CV) were measured
before and after adsorptions. The capacities of adsorption
at time t and adsorption rates for dyes estimated by the
following Equations(1 and 2):[6]

UV-Visible spectroscopy was used to calculate the
final dye concentrations ( absorbance).[11]
Adsorption performance was determined by (gt) using
the following equations:

(Co—Cp)*V
q =" (1)
— (Co=Ce)*V

q. = e )
Where qt is the amount of cationic
dye adsorbed (g) of adsorbent at time (t) (mg.g-1) and ge
is the equilibrium adsorption capacity (mg.g-1) and CO,
Ct, and Ce are dye concentration at time zero, and time
(t) (mg.1-1), and equilibrium dye concentration (mg.I-1),
with (V) being the volume of solution
(mL) and (m) being the mass of hano adsorbent (g).[11]
The %removal of dye was calculated by equation (3).[6]

%removal of dye = [(C(’C;Ct)] * 100 3)
0

4.1 Adsorption Isotherms

The adsorption isotherms of crystal violet and
methylene blue by nano-Sulfonate carboxymethyl
cellulose were investigated by five mathematical models:
Langmuir's isotherm, [25] Freundlich's isotherm, [11]
Temkin model, D-R model, and Elovich model, which
were used to determine R? (correlation coefficient).

4.1.1  Langmuir Isotherm

The Langmuir theory is based on the ideas that the
surface is uniform, that the adsorbed molecules don't
interact with each other, and that the surface has many
places where molecules can stick to it. The linear form of

Langmuir is shown in the following equations.[32]

_ amKLCe
qe = 1+K1.Ce “)
1 1 1
E - KLQmCeI+ E (5)
And R, - m (6)

where K, represents the Langmuir constant in L.mg™,
qe represents the equilibrium adsorption capacity in mg.g
1 qm represents the maximum adsorption capacity in

mg.g~, C. represents the equilibrium concentration of
solution in mg.L™ , and R, represents the separation

100
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40 m MB
0
3 5 7 g 11

pH

% removal

Figure 9: Effect of pH on MB and CV removal (initial
concentration 30 ppm, adsorbent dose 0.05 g,
temperature 25° C).

factor computed from equation (6).

R, show whether or not the process of adsorption is a go
od one. If R_ =1, the process is linear. If R 1 is present,
the process is favorable. If R >1, the process is not
favorable. If R =0, the process is reversible.[20] By
plotting (1/ge) against (1/Ce), as shown in Figs. 10(a)
and 11(a) for MB and CV, respectively, we can obtain a
straight line relation with a slope of (1/K.gm) and
intercept of (1/gm), and we can obtain an R2 value
correlation coefficient of R? = 0.998 and 0.9332 for
methylene blue and crystal violet, respectively. The data
for both dyes were listed in Table (2). Also can
determined the value of Quax value is (45.24887mg-g™,
43.10345 mg.g-1) and the value of K_ which equal
(0.272503 L.mg-1 , 0.470588 L.mg-1 ). The values of
RL for all concentrations (10-100 mg/l) of MB between
(0.259150421 and 0.037345039 mg.I™") and R, values of
CV at different concentrations between (0.168440191
and 0.020326524 mg.1™) consider the fact that adsorption
is more favourable and conclude that a monolayer is
forming during theadsorption of MB and CV onto the
surface of SCMC.

41.2 Freundlich Isotherm

Based on the Freundlich isotherm, adsorption
happened on a surface that has different types of
molecules on it.

his is true for both monolayer (chemisorption) and m

ultilayer (physisorption) adsorption.[33].The  nonlinear
and linear equation as follow

1
qe = K¢Ce /n L (7)
log(qc) = logKy +=log(C,) ®)

Where g, is the adsorption capacity at equilibrium,
mg/g; K is the Freundlich constant; C, is the equilibrium
concentration, mg/L; n is the intensity of adsorption. As
shown in Fig.10 (b), 11(b) by graphing log ge vs log Ce
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the slope and intercept can calculated. Ky quantifies
the amount of dye adsorbed onto an adsorbent and indic-
ates the bonding energy and/or distribution coefficient.1/
n represents adsorption intensity, with values ranging
from O to 1.

When the value of 1/n equals 1, the adsorption is
linear; when it is less than 1, the adsorption is chemically
driven; and when it is greater than 1, the adsorption is
physical.[33]The values of 1/n (0.31 and 0.245) for MB,
CV give an indication of how well adsorption will work
and high tendency of MB and CV for the adsorption onto
SCMC. Each parameter is detailed in Table (2).

41.3 Temkin Isotherm

The Temkin isotherm is based on the assumption that
the free energy of sorption is proportional to the surface
covering. Over the surface of SCMC applied at room tem
perature, the linear form is stated as shown in Equation (
9)[32]

qe. = BInA; + BInC, ©)]
Where
B =RT/, (10)

In this model B is the heat of adsorption (J mol-1);
AT (L/g) is the equilibrium binding energy for Temkin
model. By plotting ge against (In Ce) as shown in Fig.10
(c), 11 (c) to obtain the slope (B) and intercept (BINAT).

R is the gas constant (8.314 J/mol K), and T is the
temperature. If constant B is positive (J/mol), it means th
at MB and CV are going through a process that uses up h
eat.[32] The value of the correlation coefficient R
(0.907 and 0.947) for MB and CV respectively.

4.1.4  Dubinin-Radushkevich Isotherm
(DKR)

The Dubinin-Kaganer-Radushkevich(DKR)  model
has been utilized to assess the adsorbent's porosity
characteristics and the adsorption process' energy.

The DKR equation takes the following form: [34]

Ing. =Inqp — 2B,RT In(1+ 1/, ) (11)
e
And

Ep_p= ’1/2 Bp (12)

Where R, is the gas constant (0.08314 KJ/mol‘K); T
absolute temperature (K) ; qp and By, are the constants of
Dubinin-Radushkevich model obtained from slope and
intercepet of plotting (Inge) against (In (1+1/C.))as
shown in Fig.10 (d) ,11 (d).In Table (2), The value of Ep.

r  shows if the process of adsorption is physical or
chemical.The fact that the Ep values were equal (0.28087
2 and 0.208741 kJ/mol for both colours) suggested that
the adsorption process was chemical adsorption of dye
molecules.[35]

4,15 Elovich Isotherm

The equation of the Elovich model defines the
adsorption process as follows:

I3 = In(Ks Gm) ~ e (13)

The slopes and intercepts of the linear plot between
In (ge/ce) vs ge, where K is the equilibrium constant (L
mg?) and q, is the Elovich maximum adsorption
capacity (mg/g), can be used to determine the value of
this term, as shown in Fig.10 (e), 11 (e) yield a linear
correlation coefficient (0.9383 and 7.788162) for MB
and CV. Table (2) summarise the estimated parameters
from isotherm models.

The regression coefficient (R?) for the Langmuir isot
herm is near unity for MB adsorption on the surface of S
CMC as a nanoadsorbent (0.998). Dissimilar adsorption
models have lower correlation coefficient that pertinent
models, with Langmuir (0.998) coming first, followed by
Freundlich (0.9681), Elovich (0.9383), Temkin (0.907),
D-R (0.8978). And the Elovich isotherm model fits the
best for CV adsorption on SCMC. The R?
values for Elovich (0.9961), Freundlich (0.9896), Temki
n (0.9472), Langmuir (0.9332), and D-R are as follow:
(0.7751).

4. ADSORPTION KINETICS

Using pseudo-first-order, pseudo-second- order, and
Elovich models, we examined the adsorption kinetics of
cationic dyes (MB and CV) on the surface of nano
particles of SCMC.[25] The experimental results for both
dyes were analyzed at varying starting concentrations
and temperatures. Following is the linear form for
pseudo-first order:[36]

log(qe — qr) = log g — 55t (14)
where ge and qt represent the amount of dye
adsorbed (mg/g) at equilibrium time t and time t,
respectively (min). K; was calculated from the slope of
the log (ge-qt) versus t[36] plots in Figs. 12; 15, 18; and
21, and the Kkinetic parameters were listed in Table 3.
The following equation represents the pseudo-

second-order model's linear form:
t 1 t

= + (15)

qar  K2qe? Qe

Where K, is the adsorption equilibrium constant
determined by the intercept of the linear relationship
between t/qt and t, as shown in figs. 12, 15, 18, and 21,
and qe, which is determined by the slope. The table
displayed the kinetic parameters (4).
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The linear form of Elovich model as follow:
4c = @) In(ap) + () Int (16)

Where « is the initial rate of adsorption (mg g-1 min-

1) and f3 is the constant rate of desorption during the
experiment. The constants are found from the slope and
intercept of a linear plot of gt vs. In(t), as shown in
figs (14,17,20&23). The kinetic parameters that go with
them are shown in the table (5).

The kinetic models' validity is determined by the
correlation coefficients (R?) reported in Tables 3, 4, and
5. The regression coefficients obtained from the pseudo-
first-order model were greater than those obtained from
the pseudo-second-order and Elovich kinetic models for
MB and CV. These data show that the adsorption of MB
and CV on the surface of nanoadsorbent SCMC was well
followed by a pseudo-first-order process.

5. THERMODYNAMICS STUDY

It calculates how temperature affects the adsorption
of both dyes (MB and CV) on nanoadsorbent SCMC.
Thermodynamic parameters include entropy (ASO),
enthalpy (AH®), and Gibbs free energy (AG®), which are
calculated as follows: [36]

AG® = —RT InK, (17)
AS®  AHO

n KL = T — ? (18)

AG® = AH® — TAS® (19)

Where ki is (g/C,) the Langmuir constant (L/g), the
gas constant is R which equal (8.314 J/mol K), and the
absolute temperature is T in (K). AH® and AS° were as
determined by the relationship between In(k.) and 1/T,
as shown in Figs 24 and 25. Table 6 shows the results.
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Figure 10: 1.M for MB removal (a)Langmuir, (b) Freundlich, (c) Temkin, (d) D-
R, (e) Elovich model (initial concentration 30ppm, temperature 25° C, pH 7, dose

0.059).

The negative value of AG? indicates the feasibility an
d spontaneity of the adsorption.[36]. The values of AG®
values are ( -1.19242, -1.94761 and -2.70279 kJ/mol )
for MB and ( -5.99785, -8.46645 and -10.935 kJ/mol) for
CV, which suggest that the adsorption process is
physisorption,[36] and demonstrates that the adsorption
of MB and CV onto the SCMC as nano adsorbent is
spontaneous and thermodynamically favourable at all
temperatures examined in this study. [25]

The enthalpy change (AH®) for the adsorption process
of MB and CV as calculated was 21.31211 kJ mol™ and
67.56622 kJ mol™, respectively. This positive value of
AH® indicates that the process of adsorption is
endothermic. The high values of AH? are may be due to
the presence of a strong bond between the adsorbent and
dye molecules.[25] The entropy ( AS® ) shows a positive
value, which indicates that there was increased
randomness during the process of adsorption.[37]
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Figure 11: 1.M for CV removal (a) Langmuir, (b) Freundlich, (c) Temkin, (d)D-R, (e) Elovich (initial concentration
30ppm, temperature 250 C, pH 7, dose 0.05g).
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Figure 12: P.F order for MB at different
concentrations (temperature 250 C, pH 7, dose 0.05g).
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Figure 14: E.M for MB at different concentrations
(temperature 250 C, pH 7, dose 0.05g).
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Figure 16: E. model for MB at different temperatures
(initial concentration 30 ppm, pH 7, dose 0.05g).
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Figure 13: P.S order for MB at different concentrations
(temperature 250 C, pH 7, dose 0.05g).
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Figure 15: P. F order for MB at different
temperatures (initial concentration 30 ppm, pH 7,
dose 0.05g).
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Figure 17: P.F.order for CV at different
concentrations (temperature 250 C, pH 7,
dose 0.05g).
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Figure 18: P.S. order for MB at different temperatures
(initial concentration 30 ppm, pH 7, dose 0.05g).
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Figure 20: E. model for CV at different concentrations
(temperature 25 0 C, pH 7, dose 0.059).
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Figure 22: P.S order for CV at different tempertures
(initaial concentration 30ppm, pH 7, dose 0.05g).
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Figure 19: P.S.order for CV at different
concentrations (temperature 25 0 C, pH 7, dose
0.059).
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Figure 21: P.F order for CV at different
temperatures (initaial concentration 30ppm, pH 7,
dose 0.05g).
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Figure 23: E.modell for CV at different temperatures
(initial concentration 30ppm, pH 7, dose 0.05g).
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Figure 24: Thermodynamic for MB (initaial concentration
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Figure 25: Thermodynamic for MB (initaial concentration
30ppm, pH 7, dose 0.05g).

6. REUSABILITY TEST

The regeneration of adsorbent is one of the most
essential economic and cost-effective parameters for
practical applications. The reusability of an adsorbent
is proportional to its stability. As depicted in Fig. 26,
the MB removal efficiency decreased progressively
as regeneration cycles increased. [38]

Table 2. Calculated parameters of different isotherm
models for MB and CV removal from water using SCMC.

Isotherm Calculated Parameter
Model
MB &Y
Langmuir Om (Mg.g™) 45.24887 43.10345
K. (L. mg?) 0.272503 0.470588
R. 0.110390196 | 0.068640649
R? 0.998 0.9332
Freundlich n 3.193868 4.084967
Ke[(mg/g)(mg/L)"] 14.25061 17.72365
R? 0.9681 0.9896
Elovich Ke (L. mg?) 1.204688 23.20099
O 15.2439 7.788162
R? 0.9383 0.9961
Dubinin- qo (mg.g™) 5.05928E+15 | 4.37746E+18
Radus B 6.338 11.475
hkevic E (KJ.mol?) 0.280872 0.208741
h R? 0.8978 0.7751
Temkin A 2.109185 6.188387
B 10.032 7.912
R? 0.907 0.9472
100
= MB
8 mov
g
3 60
€
& 40
X
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Figure 26: reusability test of SCMC

7. COMPARISON WITH OTHER
STUDIES

As shown in table 7 comparison between different
methods for wastewater treatment based on literatures.
Table 8 showed the adsorption process of methylene blue
and crystal violet dyes using SCMC nanoparticles was co
mpared to previously published research.

8. CONCLUSION

This work used nanoparticles of modified
carboxymethyl cellulose (SCMC) to remove the cationic
dyes methylene blue and crystal violet from aqueous
solutions under diverse operating parameters, including
adsorbent quantity, pH, contact time, and temperature.
FT-IR, SEM, TEM, and zeta potential characterise
SCMC. TEM measured nanoparticles. The working
parameters were examined, and the removal percentage
increased with contact time and adsorbent, but the
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removal decreased with increasing dye concentration.
However, a neutral pH removed both dyes the best. The
results shows that the maximum adsorption capacity of
SCMC for the removal of MB and CV dyes are 45 mg/g
and 43 mg/g, respectively.

Adsorption  pseudo-first-order  kinetics.  The
Langmuir isotherm confirmed monolayer adsorption.
The change in activation enthalpy (AH®), adsorption free
energy (AG®), and entropy (AS") were also calculated

using temperature. Fundamental research will improve
wastewater dye removal. Adsorption is endothermic
because AH’ is positive. Adsorption increases
unpredictability as the change in entropy (AS°) increases.
The negative Gibbs free energy shift (AG®) suggests
spontaneous adsorption. SCMC removed wastewater CV
and MB dyes well.

Table 2. Kinetic parameters calculated by Pseudo first order for MB and CV (a) at different initial concentration, (b) at
different temperature.

MB cVv
(a) Initial oncentration
(ppm) . 1 2 1 - 2
Ki (Lmg™) gm(mg g™*)cal R Ki (Lmg™) Gm(mg g)cal R
10 0.020266 6.842267 0.9644 0.014279 9.745407 0.9888
50 0.0152 36.32453 0.9765 0.01497 35.87567 0.9846
100 0.01566 56.62393 0.9497 0.012897 51.16818 0.9929
(b) Temperature MB cv
(K) Ki (Lmg?) am(mg g™h)cal R? K; (Lmg?) am(mg gh)cal R?
298 0.0177331 15.91109248 0.9985 0.0154301 23.05154294 0.9468
308 0.015891 17.21076 0.9845 0.01497 23.61022 0.977

Table 3. Kinetic parameters calculated by Pseudo second order for MB and CV (a) at different initial

concentration,

(a)Initial
Concentration mB Cv
(ppm)
Ka(g mg™ min™) dm(mg gH)cal R? Ka(g mg™ min™) dm(mg gH)cal R?
10 0.001093 10.19368 0.9242 0.000277 22.62443 0.763
50 0.000118 62.89308 0.8561 4.17484E-05 100 0.5523
100 2.98376E-06 384.6153846 0.0572 1.15237E-06 625 0.614
(b)Temperature MB cv
(K)
K, (g mg™* min?) qm(mg g™H)cal R? K, (g mg™ min) am(mg g)cal R’
298 0.000484796 25.64102564 0.969 0.000210936 40.48582996 0.8939
308 0.000498 27.24796 0.9233 0.00050669 30.86419753 0.8973

Table 4. Kinetic parameters calculated by Elovich model for MB and CV (a) at different initial concentration, (b) at different

temperature.
(a)ln'ltlal MB cv
concentratio
n (ppm) a (mg g* min) B (g mg?) R? a (mg g* min) B (gmg?) R?
10 9.41676 0.58924 0.8846 16.31047 0.360101 0.8576
50 50.24067 0.115073 0.8872 5445455245 0.107607877 0.8744
100 99.78687998 0.073308408 0.8278 88.84209023 0.074107011 0.8611
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(b) at different temperature.

(b)Temperature MB cv
(K) o (mg g* min”) B (g mg”) R? o (mg g™ min”) B (gmg?) R?
298 21.4972934 0.22538259 0.9429 33.54179 0.167098 0.8641
308 22.552858 0.207301146 0.9155 39.16579551 0.167883824 0.8357
Table 05. Thermodynamic for MB & CV removal.
Van’t Hoff Equation
Temperatures, K AG, kJ/mol AH, kJ/mol AS, J/mol-K
MB cv MB cv MB cv
298 -1.19242 -5.99785 21.31211 67.56622 0.075519 0.246859
303 -1.94761 -8.46645
318 -2.70279 -10.935
Table 6. Comparison between different removal methods.
Method Advantages Disadvantages

Electro Fenton Process[39]

Simple equipment
High rate of reaction
Low cost

Small operating limits
Complex requirements of process
Low conductivity

Electrolysis[40]

Low running cost

Consumption a lot of power

Ozonation [41]

Effective for gases

High cost
Short lifetime

Biological process[41]

No environmental pollution

Production of sludge
Long process time
Limiting range of temperature

lon exchange[42]

High removal efficiency

expensive

Reverse osmosis[42]

High removal of metals

Fouling of membrane
High cost

Coagulation[43]

High efficiency

Sludge formation
Undesirable products
More expensive coagulants

adsorption[44]

High quality
Low cost
High removal percent at
different concentrations

Need to regenerate adsorbent
Different adsorption removal
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Table 7. Comparison between different adsorbents for MB and CV removal.

[1]

[2]

(3]

Adsorbent Dye Qm max adsorption capacity
Activated carbon CcVv 4.00 [45]
CMC/KC/AMMT composite beads MB 10.75 [19]
Lignin-chitosan MB 36.3 [46]
activated charcoal CcVv 24.0 [47]
Olive stone activated carbon MB 4.8-12.4 [48]
Magadiite-chitosan composite bead MB 45.25 [49]
Bituminous schists MB 40.82 [49]
Biosilica/alginate nanobiocomposite CcVv 21.32 [50]
Calcium alginate beads cVv 29 [50]
Cellulose capped Fe304 nanofluids cVv 19.49 [51]
Olive stone activated carbon MB 4.8-12.4[48]
Nano SCMC MB 45 (present study)
Nano SCMC Ccv 43 (present study)
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