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1. Introduction

The major environmental pollution source is the discharge of
dye-containing wastewater from cosmetics, textiles, food, plastic, and
paper industries [1-5]. These residual dyes present in the wastewater
endanger the life of fish as well as other organisms. Moreover, these
substances absorb sunshine resulting in photosynthesis prevention and
an adverse impact on the natural aquatic ecosystem. As a result of their
complex structure and high molecular weight, the degradation of organic
dyes is usually difficult [1-3]. Different approaches, such as membrane
separation, oxidation, flocculation, coagulation, and adsorption, have
been proposed for the removal of these dyes [4-6].

Recently, nanoparticles have been widely investigated because of
their potential applications such as information storage devices, opto-
electronics [7], nanoelectronics [8], nanosensors [9-11], catalysts, mi-
croelectronics, and magnetic recording media [12]. Factors such as size
distribution and morphology of the nanoparticles can affect their prop-
erties and applications [13-15]. The physical and chemical properties of
copper oxide nanoparticles make them promising for applications such
as solar energy conversion, gas sensors, batteries, catalysis, high-tem-
perature superconductors, and antibacterial agents with low toxicity and
low cost [16, 17].

In wastewater treatment, various adsorbents have been investigat-
ed for pollutant removal. Among them, activated carbon (AC) is the
most extensively utilized adsorbent because of having various structural
forms, chemical stability, low density, and large specific surface area
[4]. This carbonaceous material with high porosity is widely utilized in
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water treatment processes to remove organic/inorganic pollutants [18-
20] because of its tunable chemical and physical characteristics [21, 22]
including modifiable surface, high surface reactivity, large surface area,
and highly porosity with controllability [23]. Currently, activated car-
bons are mostly considered as a catalyst and mild reducing agent with a
low cost. Thus, the development of low-cost effective carbons and other
efficient material for contaminants removal from wastewater is neces-
sary [24].

The effect of different parameters such as the CuO/AC ratio, pH,
temperature, shaking rate, and contact time on the adsorption perfor-
mance of this system has been studied in various scenarios. Tartrazine
or trisodium (IUPAC name) is known as a typical synthetic, anionic dye
with water solubility [25, 26]. Tartrazine causes intolerance and allergic
reactions, especially for those with aspirin intolerance and asthmatics.
Therefore, it is required to treat the wastewater containing various con-
centrations of tartrazine prior to discharge [4, 27].

Tartrazine is an anionic, synthetic, water-soluble azo dye with yel-
low color, which consists of one carboxylic functional group, one azo
(N=N), and two sulphonic groups. Tartrazine is widely utilized in phar-
maceuticals (gels, pills, and capsules), cosmetics, and different food
products (jellies, chewing gum, chips, alcoholic beverages, sodas, and
cakes). Several side effects have been appeared to be caused by Tartra-
zine including allergic reactions, attention deficit disorder, hyperactivity
in children, damage to DNA, and lethal asthma [28, 29].

Most studies have concentrated on removing one or two of these
contaminants, while several contamination forms usually exist in drink-
ing water. Therefore, the development of materials with the potential
to remove several pollutants is extremely valuable, as it could suggest
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simpler and more cost-effective processes.

This research aimed to synthesize copper oxide nanoparticles on ac-
tivated carbon and study its potential for the Tartrazine removal. The ef-
fect of contact time, pH and buffer type and size, adsorption value, time,
and electrolyte concentration on color removal percentage was studied.

2. Materials and Methods
2.1. Materials

Tartrazine (Trisodium (4E)-5-oxo-1-(4-sulfonatophenyl)-4-[(4- sul-
fonatophenyl)hydrazono]-3-pyrazolecarboxylate; C.I., 19,140; with
a molar mass of 543.40 g mol L' and chemical formula of C, H/N-
Na,0,S, was selected as an adsorbate. Fig.1 shows the molecular struc-
ture of Tartrazine. Highly pure materials with the analytical grade were
used that were obtained from Merck, Iran. The dye concentration was
measured at 427 nm. UV-Vis spectrophotometer was used to study the
absorption performance. A pH meter was utilized to measure the pH

value of the solution.

2.2. Sample preparation

1 g of active carbon and 0.024 g of Cu (NO,),.3H,0 was added
to distilled water (100 mL) followed by stirring for 30 min. 1.85 g of
NaBH, was dissolved in distilled water (50 mL), and then 10 mL of this
solution was added dropwise to the copper nitrate solution and stirred
for 2 h at room temperature. The sediments were filtered, washed with
distilled water, and dried at 80 °C for 10 h followed by grinding. To
study the adsorption performance of CuO-modified AC, 10 mL Tartra-
zine solution and 2 mL of phosphoric acid buffer solution (pH=7) were
dissolved in 100 mL of distilled water. 0.05 g of the adsorbent particles
was added to the prepared solution and stirring was applied for 30 min.
10 mL of the solution was centrifuged in determined intervals to mea-
sure the adsorption by a UV—vis spectrophotometer at 423 nm indicating
the dye concentrations.

2.3. Determination of PZC point

For determination of zero charge point (pHWC), solutions of the ab-
sorbent with the ratio of 1 to 1000 (w/v) with different initial pH values
(pH,) were prepared using 0.01 M HCI or NaOH. The dispersed solu-
tions were stirred at ambient temperature for 24 h and the pH values of
the final solutions (pH,) were then measured. The ApH values that are
the differences between the initial and final values of pH were plotted
vs. pH,, and the point at which the pH change was zero was reported
as pH

pze”

2.4. Kinetic models

During the physicochemical process of adsorption, the mass transfer
of a solute occurs from the aqueous phase to the surface of an adsorbent.

In this research, pseudo-first-order and pseudo-second-order kinetic

SO5Na

OH

NHO3

Fig. 1. Molecular structure of Tartrazine.

models were used to study the Tartrazine adsorption mechanism onto
copper oxide-modified AC. Equation 1 represents the Lagergren-first-or-
der kinetic model [30]:

Ln(qy — q¢) = Lngy — kyt )]

where q, denotes the Tartrazine amounts adsorbed at equilibrium
(mg/g), q, represents the Tartrazine amounts adsorbed at time t (min),
and the rate constant (min™') was represented by k,. The k, value was ob-
tained using the curve of In(q,— q,) vs. time. The following linear pseu-
do-second-order model [30] was also used for kinetic studies.

t/qc = 1/k2q3 +t/q, 2)

In this equation, the rate constant of the pseudo-second-order kinetic
adsorption model is denoted by k,. The slope of the linear plots present-
ing the change of t/q, with time is 1/q, and the intercept value gives 1/

2

k,q,>

2.5. Adsorption isotherms

The interaction between the adsorbents and adsorbates can be de-
scribed in the equilibrium state. To fit the adsorption isotherm data, the
Langmuir and Freundlich models were used. Selecting the best-fit model
was done based on the linear regression correlation coefficient values
(R?). The assumptions of the Langmuir model are the adsorption in a
monolayer and the absence of interaction between the molecules of the
adsorbate. Equation 3 is the linear equation of Langmuir isotherm.

Ce/qe = (1/aqm) K + Ce/qm (3)

where q_ represent the equilibrium adsorption amount (mg/g) and C_
denotes the equilibrium concentration (mg L'). The Langmuir constant
and the theoretical maximum adsorption capacity are denoted by K, and
q,,» respectively. There exists another model that describes the solutes
adsorption from a liquid to the solid surface, which is known as the
Freundlich model. In this model, it is assumed that different adsorption
energies in several sites are involved. The Freundlich model follows the
presented equation of:

Lng, = LnKz + (1/n) LnC, (4)

In this equation, C_ and q, are the equilibrium concentration of
Tartrazine (mg L") and the adsorbed dye at equilibrium, respectively
(mg/g). The adsorbate amount that is adsorbed on the surface for a unit
equilibrium concentration is defined by the Freundlich constant of K,
which is a distribution or adsorption coefficient. The Freundlich constant
of n reveals how favorable the adsorption process is. All experiments
were performed on the batch.

Mass balance equation determines the adsorption capacity in the ad-
sorbents equilibrium. The equation is based on the assumption that the
dye amount adsorbed on the adsorbent surface is equal to the amount of
the removed adsorbate from the solution:

ge = V(Co— C.)/m ®)

where C, m, and V denote initial adsorbate concentration (mg L),
adsorbent weight (g), and volume of aqueous solution (L), respectively.

For evaluation of the removal efficiency, samples were studied after
the flocculation/coagulation and sedimentation. In this regard, the ap-
parent color and the concentration parameters of the yellow dye were
characterized. All analyses were carried out based on standard methods
and repeated three times for each sample. Equation 6 was employed to
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calculate the removal efficiency for each analyzed parameter.
Removal ef ficiency % = ((C; — C;)/C;) x 100 (6)

In this equation, C, is the initial value of each parameter and C, is its
final value.

3. Results and discussion
3.1. Determination of PZC point

One of the important properties for the surface of solids containing
hydroxyl groups is the determination of the PZC point. PZC point is
the pH of the surrounding liquid medium, at which the sum of the posi-
tive surface charges is in balance with the total negative surface charges
and the surface charge density is zero. Determining the PZC point for
nanoscale structures is more important because of the increase in sur-
face-to-mass ratio in these particles; subsequently, their surface charge
increases. The pH change vs. pH,is shown in Fig. 2. It is observed that
at pH = 7.1, the pH change is zero, indicating that the adsorbent charge
at this point is zero.

3.2. PH effect
To investigate whether the pH changes influence the contaminant
removal and apparent color, the adsorption percentage was measured in
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different pH of the solution. The adsorption percentages were measured
by a UV-Vis spectrometer based on a plotted calibration curve with dye
concentrations between 1 to 3 mg L. In Fig. 3, the effect of pH on
the percentage removal of Tartrazine is illustrated. The results showed
that the pH value does not significantly affect the dye removal, therefore
pH=7 was selected as optimal pH value.

3.3. Effect of the adsorbent amount

Modification of activated carbon with copper oxide nanoparticles
affects its textural features including the decrease in diameter, pore vol-
ume, and surface area. To evaluate the influence of the absorbent amount
on the removal efficiency, the adsorption was measured in solutions
with different amounts of the adsorbent particles ranging from 0.001 to
0.15 g. According to the observations, with an increase in the adsorbent
amount, the amount of surface adsorption enhanced (Table 1). The dye
removal reached the highest value in 0.05 g of adsorbent and the further
increase in the dye concentration did not show significant changes in the
adsorption. This might be due to the interaction of dye molecules with
each other or other molecules in the solution preventing the complete
removal of the contaminants. Fig.4 shows the removal percentage vs.
Tartrazine concentration.

3.4. Effect of contact time and initial adsorbate concentration

The influences of the initial adsorbate concentration of Tartrazine

dye as well as contact time on the dve removal from the aaueous solu-
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Fig. 4. Effect of pH on the Tartrazine removal.
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Fig. 7. Kinetic plots of adsorption: (a) pseudo-first-order and (b) pseudo-sec-
ond-order.

tion were investigated. The results of these factors are presented in Fig. 5
and Fig. 6, respectively. According to Fig. 4, the increment of the initial
concentration of the dye led to the reduction of Tartrazine removal. Prin-
cipally, the initial concentration of Tartrazine can provide the driving
force necessary for overcoming the resistance to the dye mass transfer
between the solid surface of AC and aqueous phase. On the other hand,
the interaction between the molecules of Tartrazine increases leading to
the reduction of removal percentages. As seen in Fig. 6, the adsorption
of the dye onto the modified AC was a relatively rapid process, reveal-
ing a high affinity between the surface of the absorbent particles and
Tartrazine molecules. The accessibility of adsorption sites on the adsor-
bent surface was indicated by the high adsorption efficiency at an initial
stage. The contact time does not significantly affect the dye removal.
The required time for reaching an equilibrium was found to be 60 min.
Therefore, all subsequent experiments were conducted at the contact
equilibrium time of 60 min.

3.5. Study of adsorption kinetics
The kinetics of the Tartrazine adsorption onto copper oxide-modified

Table 1.
Adsorbent value for different amounts of the adsorbent

Fig. 8. Langumir (a) and Freundlich (b) isotherms of tartrazine adsorption.

AC surface was studied using the adsorption data for different initial
dye concentrations. The adsorption kinetic curves are illustrated in Fig.
7 and Table 2 lists the parameters. According to the calculated data, R?
values of the pseudo-second-order model are close to 1, revealing that
the adsorption follows this model. Thus, this kinetic model can be used
for the prediction of the dye uptake amount at various contact times and
at equilibrium.

3.6. Adsorption isotherms

Considering the values of C, C, solution volume of 0.1 L, and the
adsorbent weight of 0.05 g, the values of q_ for the dye concentrations
of 15, 25, 35, and 40 mg L' were obtained at the equilibrium time of
60 min. The results are shown in Table 3. The C /q, diagram was then
plotted against C_ to obtain the parameters of the two equations, which
are listed in Table 4. To show the degree of adsorption tendency to the
adsorbent, a non-dimensional parameter called R, is used, which is cal-
culated by Equation 7 obtained from the Langmuir equation.

R, =1/(1+K.0) (7
where C denotes the initial concentration of the dye (mg L™). If the R

The amount of

0.001  0.010 0.030 0.040 0.050 0.060 0.070 0.080 0.090 0.100 0.150
adsorbent (g)
]l}em‘“’al 40.01  63.16 96.71 97.49 99.05 98.44 97.59 99.13 9928 99.30 96.69
ercentage
Table 2. Table 3.

Kinetic parameters of adsorption

Parame- Initial concentration
Models
ters 10 15 20 25
k (x10°%) 5.8 8.6 52.3 98.5
Pseudo-first-
q, 1598 2270 35.23 42.36
order
R? 0.908 0.711  0.687 0.678
k, (x10°%) 61.7 88.5 214 310
Pseudo-
q, 19.88 29.76 4291 49.50
second-order ’
R? 0.999  0.999 0.997 0.999

The data calculated from Freundlich and Langmuir models from the adsorption isotherms

C(mgL") C(mgL') gq(mgg') C/qgLl’) logC, log q,
10 0.0903 19.81 0.0030  -1.0443  1.2968
15 0.1216 29.75 0.0040  -0.9150  1.4735
20 0.2122 39.57 0.0053 -0.6732 15973
25 0.4496 49.10 0.0091 203471 1.6910
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Table 4.
The calculated parameters of the adsorption isotherms
. q,(mgg") K, (L mg™") R?
Langmuir
60.975 0.0018 0.9943
Freundlich K, (Lg" n R
80.612 1.9011 0.8957
Table 5.
R, values for different initial concentrations of Tartrazine
C 10 15 20 25

R 09823 0.9737 0.9652  0.9569

L

value is greater than 1, it reveals that surface adsorption has occurred un-
der undesirable conditions. If R, = 1, it will indicate that the adsorption
is linear. When the R, value is less than 1 and greater than zero, surface
adsorption will occur under favorable conditions, and if the R equals to
0, the adsorption will be irreversible. The values of R, for the different
initial concentrations are shown in Table 5. Based on the obtained R,
values, surface adsorption has occurred under favorable conditions.
The linear form of Langmuir and Freundlich models was utilized to
fit the adsorption isotherms (Fig. 8). The correlation coefficient of R?in-
dicates whether the isotherm equations are applicable for the description
of the adsorption process. The higher linearity and R* in the C /q_ vs. C,
curve (Fig. 8a) indicated that the Langmuir equation could be applied for
fitting the experimental data and interpret the dye adsorption onto cop-
per oxide-modified AC particles. It is worth noting that the theoretical
value of q was obtained close to the maximum adsorption capacities
(q,) obtained from the experimental studies. Moreover, it is interesting
to understand whether the adsorption of the dye is favorable or not. In
the Freundlich model, when the n values are in the range of 2—10, the
adsorption is good, while the values less than 1 show poor adsorption
behavior. The values between 1 to 2 indicate moderately difficult adsorp-
tion characteristics. Based on the obtained values, the studied material
is a good adsorbent for tartrazine. Surface heterogeneity or adsorption
intensity is measured by the slope of 1/n in the range of 0 to 1. A straight
line with slope 1/n is obtained from the curve of In q_ vs. In C_ (Fig. 8b).
If the value gets closer to 0, it indicates a more heterogeneous surface.

4. Conclusions

In this research, activated carbon was modified with copper oxide to
absorb the Tartrazine dye from wastewater and the contributed mecha-
nisms in the adsorption process were investigated. AC particles modified
with copper oxide were found to be very efficient in the removal of Tar-
trazine dye. According to the batch experiments, the adsorption process
was conducted rapidly, as maximum removal percentage of the dye ob-
tained within 60 minutes of contact time for the initial dye concentration
of 30 mg/L"!. Based on the equilibrium data related to the Freundlich and
Langmuir models, the Langmuir isotherm appeared to be more concise
for the description of the Tartrazine adsorption. The adsorption kinetics
followed closely the pseudo-second-order kinetic model. Finally, the
removal efficiency was found to be more than 98%. Therefore, the mod-
ified AC particles can be a good candidate for the removal of Tartrazine
from aqueous solutions.
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