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The adsorption capacity and separation efficiency of multiwalled carbon nanotube (MWCNT) were investigated 
for the removal of Acid Violet 17 (AV 17) dye in an aqueous solution. The effect of reaction conditions, such as 
contact time, AV 17 initial concentration, pH, adsorbent dosage, and temperature, on the adsorption capacity 
of MWCNTs was investigated. It was found that a contact time of 180 min, an adsorbent dosage of 0.8 g/L, and 
100 mg/L AV 17 concentration are ideal conditions for maximum adsorption capacity (119.45 mg/g). AV 17 dye 
adsorption on MWCNTs followed a pseudo-second-order kinetic model (R2 = 0.9998) and the Langmuir isotherm 
model (R2 = 0.9813) suggesting that adsorption was the uniform and homogenous process. The maximum 
adsorption capacity from the Langmuir isotherm model was determined to be 322.58 mg/g. Adsorption of AV 
17 dye was determined to be spontaneous and thermodynamically favorable since the values of ΔGo were 
negative. Positive ΔH° and ΔS° values suggest that the process is endothermic and randomness. The research 
results showed the MWCNTs could be used successfully to remove dye for the water treatment process. 
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Introduction 
 

Dyes, one of the largest and most important groups of 
chemicals, especially Azo group dyes, are widely used for 
textile and leather dyeing [1,2]. Dyes contain different 
compounds with toxic, carcinogenic, and mutagenic 
properties as well as unknown environmental behaviors 
[3]. For this reason, dyes originating from industrial 
discharges affect the natural beauty of the streams or 
rivers where the discharge is made and also have highly 
toxic and harmful effects on the flora and fauna in aquatic 
life [1]. Approximately 70% of all commercially used dyes 
are azo dyes, and approximately 20% of these dyes can 
enter wastewater and cause an environmental problem. 
Due to the health and environmental concerns associated 
with synthetic dyes, it is necessary to fully treat the dyes 
before discharge into natural water bodies [4]. 

The chemical oxygen demand is raised when dyes are 
present in the water structure. Light penetration into the 
water is impeded by its impact on the photosynthetic 
activities of aquatic plants. Dyes are hazardous even at 
very low doses, and treating them is highly challenging 
due to their complexity. Due to the stability of dyes 
against heat, light, and microbial attack, the desired 
efficiency cannot be achieved with conventional 
wastewater treatment methods. Therefore, appropriate 
technologies should be developed to protect the 
ecosystem [3]. Different methods such as sorption, 
chemical flocculation, flotation, sedimentation, chemical 
oxidation, filtration technologies, photocatalytic and 
electrochemical oxidation, and biological techniques are 

used to remove dyes from the solution before discharge 
into the natural environment. However, these techniques 
have some limitations such as secondary pollution 
formation and high cost. Among the different applicable 
techniques, adsorption is widely used for the removal of 
dyes from wastewater. The sorption process has a definite 
advantage over other methods used for dye recovery 
because it is a simple, selective, economical, and efficient 
process, does not generate hazardous by-products, and is 
flexible in operation [5,6]. 

Acid Violet 17 (AV 17), the model dye for this research, 
is an anionic azo dye. It is widely used in the paper, textile, 
food, and cosmetics industries. Since it is a dye related to 
the trimethyl methane class, it shows carcinogenic 
properties. Therefore, to avoid hazards caused by AV 17 
in wastewater, this wastewater must be treated [4]. 

There are some previous studies conducted by 
researchers for the treatment of AV 17 dye. For example, 
Şentürk and Alzein [7] studied the adsorption of AV 17 
with pistachio shells activated with 10% N H2SO4 and 
obtained 93.04% removal efficiency. The maximum 
Langmuir adsorption capacity (qm) was determined as 
26.455 mg/g for 160 mg/L AV 17. In another study, 
biosorbents obtained from the activation of fallen leaves 
of Ficus racemosa with NaOH and H2SO4 were used for the 
adsorption of AV 17 dye. The qm value for raw biosorbent, 
H2SO4-activated biosorbent, and NaOH-activated 
biosorbent was determined as 45.25, 61.35, and 119.05 
mg/g respectively [8]. Thinakaran vd., [9] studied the 
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removal of AV 17 dye by activated carbon prepared from 
sunflower seed shells. The qm value of the adsorbent was 
65.78 mg/g. Jain vd., [5] synthesized a new adsorbent 
from Salvadora persica powder by chemical activation to 
remove AV 17 from aquatic solution. The qm values for raw 
and activated adsorbent were determined as 74.28 and 
141.30 mg/g, respectively. 

Carbon nanotubes (CNTs) have become a novel 
adsorbent for the removal of dyes from wastewater in 
recent times. Carbon nanotubes, which consist of both 
single-walled and multiwalled carbon nanotubes (SWCNTs 
and MWCNTs), are hexagonal lattice-shaped cylindrical 
nanostructures with a large specific surface area (100–
1000 m2g−1) that are primarily made of carbon atoms in 
sp2 hybridization [10]. The physical characteristics of the 
nanomaterial and the structure of the adsorbed dye 
determine how dyes adsorb on carbon nanotubes. 
Because of CNTs unique chemical structure, large specific 
surface area, small sizes, layered and hollow structure, 
abundant adsorption sites, easy attachment of functional 
groups, and the ability to be decorated with other 
nanoparticles. They are a desirable substitute for 
eliminating dyes, fluoride, heavy metals, and other 
organic and inorganic pollutants from wastewater and 
water [11,12]. 

The present investigation aims to explore the 
adsorption behavior and removal capacity of MWCNTs, 
and other operating parameters affecting the adsorption 
of AV 17 from aquatic solution. In batch experimental 
studies, parameters known to affect adsorption efficiency 
were investigated. Isotherm, kinetic, and thermodynamic 
models were calculated to investigate the adsorption 
mechanism, to understand the process kinetics, and to 
see the effect of temperature on the process. So far, many 
researchers have reported the removal of different dyes 
and pollutants from aqueous solution by a multiwalled 
carbon nanotube nanocomposite. They investigated 
adsorption kinetics, the adsorption capacity of the 
adsorbent, and the effects of adsorption dosage and 
solution pH values on removal efficiency. However, these 
studies were carried out at lower concentrations with 
cationic azo dyes. This study differs in terms of 
investigating the treatment of high concentrations of AV 
17, an anionic azo dye, with MWCNT.  

 

Material and Method 
 

Adsorbent 
Analytical-grade chemicals were all employed in this 

investigation. Multi walled carbon nanotubes (MWCNTs) 
were used exactly as they were received from Nanografi 
(Turkey), with an average outside diameter of 8–28 nm. 

  

Preparation of the Dye Solution 
Acid Violet 17, an anionic azo dye, was selected for this 

study. The chemical structure and properties of AV 17 dye 
are shown in Figure 1. The dye was weighed and dissolved 
in distilled water and the stock dye solution at a 

concentration of 1 g/L was diluted to the desired working 
concentrations and used in batch experiments. 

 

 

CF: 
C41H44N3NaO6S2 

MW: 761.93 
g/mol 

λmax = 542 nm 

Figure 1. Molecular structure and properties of AV 17 
[7]. 

 
Adsorption Experiments 
Experimental studies were carried out in a 10 mL glass 

tube at room temperature (25oC). Batch experiments 
consisted of contact time, pH, adsorbent dosage, initial 
dye concentration, and temperature studies. The time-
dependent behavior of dye adsorption was studied by 
varying the adsorption time. The natural pH of the 
prepared dye solution was measured as 6.52. Glass tubes 
containing the prepared mixture were placed in an 
incubator shaker (Gerhardt, Germany) and stirred at 150 
rpm at 25°C. Each test tube was then analyzed separately 
at the time intervals determined for the analysis to 
determine the concentrations of unadsorbed dye. 
Adjustments required during the pH study were carried 
out with dilute HCl and/or NaOH solutions. Other 
experimental conditions are given in Table 1. 

 
Table 1. Batch experimental conditions 
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Effect of 
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6.52 0.8 200 3 
25-35-45-
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After the contact time was determined in all 

experimental studies, the loaded MWCNT adsorbent was 
centrifuged at 4000 rpm for 5 min and separated from the 
solution. The filtrate was then analyzed using a UV/Vis 
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spectrophotometer (Spectroquant Pharo 300, Merck) at a 
maximum wavelength of 542 nm and the concentrations 
of AV 17 remaining in the solution were determined. The 
adsorption efficiency (%) and adsorption capacity (qe, 
mg/g) of the adsorbent used in the study were calculated 
as given below. 
 

Adsorption efficiency, R (%) = 
𝐶𝑜−𝐶𝑒

𝐶𝑜
∗ 100    (1) 

 
Adsorption capacity (qe) =  [(Co-Ce) * V] / m (2) 
 

Where, 
qe: Adsorption capacity of the adsorbent (mg/g),  
V: Solution volume (L),  
Co: Initial AV 17 concentration in the solution (mg/L),  
Ce: Concentration of AV 17 remaining in the solution 

after treatment (mg/L),  
m: Adsorbent quantity (g). 
 

Results and Discussion 
 

Characterizations of MWCNTs  
SEM and EDX analysis  
The surface morphology of MWCNTs was 

characterized by scanning electron microscopy (SEM).  
 

 
(a) 

 
(b) 

Figure 2. (a) SEM image of MWCNT (b) EDX spectra of 
MWCNT before the adsorption of AV 17 dye. 

Figure 2 shows the MWCNTs' SEM and EDX images. 

The image indicates clearly that the MWCNTs are curved, 

twisted together, and cylindrical. As seen in Figure 2(a), 

MWCNTs have lengths ranging from several to tens of 

nanometers and diameters between 8 and 18 nm. 

The presence of groups on the surface of carbon 

nanotubes is quantitatively analyzed using energy-

dispersive X-ray spectroscopy (EDX) measurement. Figure 

2(b) demonstrates the results of the MWCNTs. The data 

indicates that the sample contains oxygen in addition to 

carbon. 

Figure 3 shows the SEM image and EDX result of 

MWCNT after AV 17 dye adsorption. When compared 

with the pre-adsorption image of MWCNT, it was 

observed that the spaces in the fibrous structure of 

MWCNT were filled. In the EDX result after adsorption, Na, 

Al and S peaks caused by AV 17 (C41H44N3NaO6S2) dye are 

observed. SEM and EDX results show that MWCNT 

adsorbed AV 17 dye. 

 

 
(a) 

 
(b) 

Figure 3. (a) SEM image of MWCNT (b) EDX spectra of 
MWCNT after the adsorption of AV 17 dye. 
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XRD analysis 
The XRD pattern of the MWCNTs is shown in Figure 4. 

The diffraction patterns of typical graphite (002), (100), 
(004), and (110) are attributed to the intense diffraction 

peak around 2θ = 26° and the low intense diffraction 
peaks about 44°, 54°, and 79° in the pattern. The MWCNT 
XRD graph and results are consistent with previous 
research. 

 

 
 

Figure 4. XRD patterns of MWCNT. 

 
Adsorption studies 
To investigate the adsorption behavior of AV 17 dye on 

the MWCNT adsorbent selected for this study, the effect 
of parameters such as contact time, pH, adsorbent 
amount, dye concentration, and temperature were 
investigated and the results were presented in detail. 

 

Effect of adsorbent dosage 
The unquestionably effective parameter in the 

adsorption process is the amount of adsorbent used in the 
solution. The adsorption of dye molecules becomes easier 
as the active adsorbent sites increase when the adsorbent 
dosage increases [13]. However, a further increase in the 
amount of adsorbent after a certain dose does not show a 

significant change in dye adsorption. In the study 
investigating Reactive Black 5 adsorption with 
Fe3O4@Granite magnetic adsorbent, results supporting 
this information were reported [13].  

To investigate the effect of adsorbent dosage on AV 17 
dye removal, the results obtained in the adsorption study 
at 100 mg/L initial AV 17 dye concentration are given in 
Figure 5. As the amount of adsorbent increased between 
0.1 and 1.0 g/L, the dye removal increased because the 
effective surface area also increased. However, it was 
observed that the increase in dye removal was quite 
insignificant in adsorbent applications above 0.8 g/L 
(Figure 5). Therefore, the most suitable adsorbent amount 
was determined as 0.8 g/L MWCNT. 

 

 
 

Figure 5. Effect of adsorbent amount on adsorption capacity and removal efficiency. 
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Effect of initial dye concentration 
To investigate the effect of initial AV 17 dye 

concentration on adsorption, the five different dye 
concentrations (100, 150, 200, 250, and 300 mg/L) with 
0.8 g/L adsorbent dosage were studied (Figure 6). After 
the study, it was observed that MWCNT treatment 
efficiency decreased with increasing dye concentration. At 
100 mg/L AV 17 concentration, 91.64% dye removal 
efficiency was obtained, while the efficiency was 73.3% at 
300 mg/L dye concentration. It is seen that the decrease 
in yield is faster after 250 mg/L AV 17 concentration. As 
the dye concentration increases, the treatment efficiency 
decreases as the pores and surface saturation of the 
adsorbent increase [14]. However, adsorption capacity 
increased with increasing dye concentration. The MWCNT 
adsorbent's adsorption capacity rose from 121.62 mg/g to 
270.36 mg/g when the AV 17 dye concentration was 
raised from 100 mg/L to 250 mg/L.  

 

 
 

Figure 6. Effect of AV 17 dye concentration on 
adsorption capacity and removal efficiency. 

 

Effect of contact time 
The effect of different contact times on adsorption 

with MWCNT at 100 mg/L AV 17 concentration under the 
experimental conditions given in Table 1 was investigated 
and the results are shown in Figure 7. As can be seen from 
Figure 7, the treatment started in the first minutes of the 
contact time and a rapid treatment was realized for the 
first 120 minutes. At the end of 180 minutes, it was 
observed that the adsorption process reached 

equilibrium. The removal efficiency of MWCNT adsorbent 
was 90% and the adsorption capacity was 119.45 mg/g at 
the assumed equilibrium moment. The adsorption rate, 
which occurs in the first minutes and then stops or slows 
down, shows that there is plenty of free space on the 
MWCNT surface in the first place, but as the contact time 
increases, the active sites required for dye adsorption are 
filled with dye molecules and decreased. A similar 
situation was observed in the sorption removal of cationic 
dyes from aquatic solution using magnetic MWCNT by 
Song, Shi, et al., [15]. 

 

 

Figure 7. Impact of contact time on removal efficiency 
and adsorption capacity. 

 

Effect of initial pH 
The pH of the solution is a crucial factor in adsorption 

since it has a significant impact on the degree of 
ionization, the structure of the dye molecules, and the 
surface charge of the adsorbents [16]. Therefore, to 
determine the effect of solution pH on the adsorption 
capacity of MWCNT used as an adsorbent, the pH value 
was varied between 2-12 and its effect on AV 17 removal 
was monitored (Figure 8). The results in Figure 8 show that 
the amount of AV 17 adsorption by MWCNT did not 
significantly increase with increasing pH. While qe was 
122.53 mg/g in the solution adjusted to pH 6, this value 
was calculated as 126.32 mg/g at pH 12. The treatment 
efficiency increased from 92.32% to 95.18% when the pH 
increased from 6 to 12. Therefore, it was decided that it 
was appropriate to work at the natural pH value of the dye 
solution without pH adjustment. 

 

 

Figure 8. Effect of pH on adsorption capacity and removal efficiency. 
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Effect of temperature 
Temperature is one of the parameters that 

significantly affect the sorption capacity of sorbents. The 
effect of temperature on AV 17 adsorption was studied at 
four different temperature values (25, 35, 45, and 55oC) 
(Figure 9). As seen in Figure 9, the adsorption efficiency 
and capacity increased with increasing temperature. 
Because high temperatures can expand the pores and/or 
activate the adsorbent surface [17]. 

Considering the cost increase that will occur if the 
process water temperature is increased, the process can 
be operated without the need for heating, especially at 
low concentrations, but it is more appropriate to heat the 
process water to the range of 35-45oC at higher dye 
concentrations for treatment efficiency. The increase in 
efficiency with increasing temperature indicates the 
presence of an endothermic reaction between AV 17 and 
MWCNT. 
 

 

Figure 9. Effect of temperature on adsorption capacity 
and removal efficiency. 

 
Adsorption kinetics 
Adsorption kinetic models were used to investigate 

their interaction and to evaluate the mass transfer of AV 
17 dye on MWCNT. To determine the contact time 
required to complete the adsorption process, the time 
range of 0-330 min was studied. Adsorption kinetic 
models provide important information needed to model 
the adsorption process, predict its rate, and design it. The 
adsorption kinetics of AV 17 dye with MWCNT adsorbent 
were investigated according to the pseudo-second-order 
kinetics (Figure 10a), intraparticle diffusion (Figure 10b), 
and Elovich (Figure 10c) models. The kinetic parameters 
were calculated by substituting the data obtained from 
Figure 7 into the equations given in Table 2. As seen in 
Table 2, a higher R2 value (0.9998) was obtained for the 
pseudo-second-order reaction kinetics model. It is also 
seen that the calculated theoretical qe value (qe, cal) is close 
to the experimental qe value (qe, exp). 

 

 
(a) 

 
(b) 

 
(c) 

Figure 10. (a) Pseudo-second order kinetics model, (b) 
Intraparticle diffusion model, (c) Elovich model. 

 
To investigate the stepwise adsorption process and 

analyze the diffusion mechanism, the intraparticle 
diffusion model was applied and the obtained graph is 
given in Figure 10(b). From Figure 10(b), it can be seen 
that the straight line between qt and t1/2 is nonlinear from 
the origin and the AV 17 adsorption of MWCNT adsorbent 
consists of a two-step process. The first stage's quick rise 
is an instantaneous diffusion of the adsorption stage at 
the outermost surface. The intraparticle diffusion 
mechanism regulates the rate during the second step, 
which is the progressive adsorption stage [21]. 
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Table 2. Kinetic parameters for the adsorption of AV 17 on MWCNT 

Kinetic Models Equations Reference 

Pseudo-second-order 
model 

t/qt = (1/k2
.qe

2) + (t/qe) (3) 

[18] 

qe (mg/g) 
qe, cal = 123.45 
qe, exp = 119.45 

k2 (mg/g.dk) 1.652*10-3 

R2 0.9998 

Intraparticle diffusion 
model 

qt = (kd.t1/2) + C (4) 

[19] 
kd (mg/(g dk1/2)) 2.0384 

C (mg/g) 91.193 

R2 0.7920 

Elovich model 

𝑞t = (1/𝛽).(ln (𝛼𝛽)) + (1/𝛽).(ln 𝑡) (5) 

[20] 
α (mg/g dk)          33554.47 

β (g/mg) 0.112 

R2 0.9527 

 
As a result, both phases work together to control the 

adsorption rate; intraparticle diffusion is not the only step 
that limits the rate. The slope of the second step is smaller 
than the slope of the first. This could be connected to the 
reduction in active sites on MWCNT that occurs as dye 

molecules diffuse over longer times [15]. 
 

Adsorption isotherms 
The relationship between the amount of pollutant 

adsorbed on the adsorbent and the concentration of the 
pollutant in the solution at equilibrium can be explained 
using adsorption isotherms. Adsorption isotherm analysis 
is a vital tool for figuring out an adsorbent's maximal 
adsorption capacity. Isotherm models are used to 
determine the adsorption capacity as well as the physical 
or chemical nature of the adsorption process. In this 
study, Langmuir, Freundlich, and Temkin isotherm models 
were used to assess the adsorption data and explain the 
adsorption mechanism.  

The Langmuir isotherm assumes that once a pore on 
the adsorbent surface is filled, no further sorption will 
occur there. The Langmuir model is a theoretical model of 
monolayer chemical adsorption [22]. To discover the 
equilibrium distribution between solid and liquid, employ 
the Langmuir adsorption isotherm. The Langmuir 
isotherm equation is given in Equation 6 and the graph 
formed from this equation is represented in Figure 11(a).  
 

eL

eLm
e

CK

CKq
q






1
 (6) 

 

Where, 
qe: Amount of pollutant adsorbed per unit weight of 

adsorbent at equilibrium (mg/g), 
KL: Constant connected to the free energy of 

adsorption (L/mg), 
qm: Maximum capacity for adsorption (mg/g), 

Ce: Concentration of pollutants in solution at the 
equilibrium time (mg/L). 

According to the Freundlich isotherm, adsorption 
processes take place on heterogeneous surfaces. The 
concentration of the pollutant adsorbed on the adsorbent 
surface increases as the concentration of the pollutant in 
the solution increases. Equation 7 provides the Freundlich 
isotherm equation, and Figure 11(b) shows the graph that 
results from this equation. 
 

n
eFe CKq

1

.  (7) 

 

Where, 
KF: Constant showing the adsorbent's adsorption 

capability (mg1-(1/n)L1/n g-1), 
n: A constant that represents the intensity of 

adsorption,  
Ce: Concentration of the substance left in solution 

following adsorption (mg/L). 
The heat of adsorption is inversely proportional to the 

increasing adsorbent surface, and the energy distribution 
is uniform up to the maximal binding energy of 
adsorption, according to the Temkin isotherm model [21]. 
This isotherm considers the interaction between 
adsorbent and adsorbate and ignores extremely high and 
low concentration values. This model states that the heat 
of adsorption (ΔH, a function of temperature) of all 
molecules in the layer drops linearly, not logarithmically, 
as the surface area of the adsorbent grows. This 
adsorption isotherm model covers only the intermediate 
concentration range [23]. Equation 8 provides the Temkin 
isotherm equation, and Figure 11(c) shows the graph that 
results from this equation. 
 

qe= B ln (A Ce) (8) 
 

Where, 
qe: Quantity of adsorbate adsorbed at equilibrium 

(mg/g), 
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Ce: Concentration of solution at equilibrium (mg/L), 
B: Constant connected to the adsorption heat (B= 

RT/b) 
b: Temkin constant connected to the adsorption heat 

(J/mol), T: Absolute temperature (K), R: Gas constant 
(8.314 J/mol K), 

A: Temkin isotherm constant (L/g).  
Table 3. lists the model constants and correlation 

coefficients that were determined using isotherm plots. 
The adsorption fits the Langmuir isotherm model (R2 = 
0.9813) when the correlation coefficient values listed in 
Table 3 are analyzed. This demonstrates that the 
monolayer adsorption mechanism is the mode of 
adsorption.  

 
(a) 

 
(b) 

 
(c) 

Figure 11. (a) Langmuir, b) Freundlich, c) Temkin 
isotherm models. 

  

RL= 1/(1+bCo) (9) 
 

The varied distribution of dye molecules on the 
adsorption sites could be the cause of this. Equation 9 
provides the calculation of RL, a dimensionless constant 
derived from the Langmuir model. 0<RL<1: Favorable and 
spontaneous adsorption, RL>1: Not favorable adsorption, 
RL=1: The linear process, RL=0: Irreversible adsorption 
[24].  

Where Co is the initial dye concentration. 
Since the RL value was obtained in the range of 0 to 1 

for all dye concentrations (0.116 for 100 mg/L AV 17; 
0.042 for 300 mg/L AV 17), it can be concluded that the 
adsorption process is effective in removing AV 17 dye and 
a strong bond is formed between MWCNT and dye. Table 
3 displays the coefficients of adsorption intensity (n) and 
adsorption capacity (KF) that were determined using the 
Freundlich model. 

The n should take values ranging from 1 to 10 for a 
preferable adsorption process. Furthermore, n>1 denotes 
the formation of multiple layers on the adsorbent surface. 
The 1/n represents the surface heterogeneity factor. 
Surface heterogeneity rises as 1/n gets closer to zero [25]. 
When we look at Table 3, the n value determined from the 
Freundlich model is 2.485 and the 1/n value is 0.4. This 
indicates that AV 17 adsorption on the adsorbent is 
preferred and the MWCNT adsorbent surface is 
heterogeneous.  
 

Table 3. Isotherm parameters for the adsorption of AV 17 
on MWCNT 

Langmuir qm (mg/g) b (L/mg) R2 
 322,58 0,076 0,9813 

Freundlich KF (mg/g) n ((mg/g)·(L/mg)1/n) R2 
 54,14 2,485 0,87 

Temkin A (L/g) B (J/mol) R2 
 0,6 76,652 0,8785 

 

Furthermore, the n value is employed to denote the 
chemical or physical nature of the process. In chemical 
processes, n<1 denotes whereas in physical processes, 
n≥1 [26]. The physical mechanism was responsible for the 
realization of AV 17 adsorption on MWCNT, as indicated 
by the n constant (2.485) obtained for this work. 

Table 4. compares the maximal Langmuir adsorption 
capacities (qmax (mg/g)) of MWCNT for the adsorption of 
different pollutants. Table 4 confirms that this 
nanocomposite is an effective applicant for AV 17 dye-
containing wastewater treatment. When compared with 
other adsorbate materials to be treated, it is seen that 
higher efficiency per unit adsorbent is obtained from this 
study. In their study, Moussavi and Fazli [27] also 
examined Acid violet 17 dye decolorization by multi-
walled carbon nanotubes from aqueous solution. 
However, it differs from this study in terms of working 
conditions, research method, and results obtained. The 
adsorption capacity obtained after 180 minutes of contact 
time at a concentration of 25 mg/L AV17 at pH 4 and a 
dose of 0.4 g/L MWCNT is about 4.5 mg/g. This result is 
considerably lower than the unit adsorption capacity 
obtained in this study as shown in Table 4.
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Table 4. Adsorption capacities determined from the Langmuir isotherm model for different adsorbate materials uptake 
by MWCNT 

Adsorbate material pH Adsorbate conc. 
(mg/L) 

Sorbent dose 
(g/L) 

Time qm 
(mg/g) 

References 

Phenol 4.65 50 2 56 min 64.60 [28] 
Cr(VI) 5-6 100 0.15 6 h 24 [29] 

Direct Blue 53 2 300 1.5 3 h 334.8 [30] 
Congo Red  50-400 2.5  148.08 [31] 

Reactive green HE4BD  50-400 2.5  151.88 [31] 
Methylene blue 6 20 1.0 1 h 19.6 [32] 

Golden yellow MR  50-400 2.5  141.618 [31] 
Triclosan 3, 10 8 0.05  166.83 [33] 

Methyl orange 2 20 0.3 2 h 50.25 [34] 
Phenol 
Ni(II) 

7 25 5 5 h 
32.25 
6.09 

[35] 

Maxilon blue dye (GRL) 6 50 0.1 2 h 187.69 [36] 
Methylene Blue Dye  40-100  1 h 55.18 [37] 

MB 
AR 183 

6 10 0.2g  
59.7 
45.2 

[38] 

AV 17 6.52 200 0.8 3 h 322.58 * 

 
Adsorption thermodynamics 
Adsorption thermodynamics was examined to 

examine the adsorption mechanism of AV 17 on MWCNT. 
Table 5 presents the results of the computations for three 
thermodynamic parameters: the change in Gibbs free 
energy (ΔG°), the change in enthalpy (ΔH°), and the 
change in entropy (ΔS°). From the slope (ΔH°) and shift 
(ΔS°) of the 1/T plot vs ln Kc in Figure 12, the values of ΔH° 
and ΔS° are computed.  

 

ΔGo= -RT ln Kc (10) 

ΔGo= ΔH° - T ΔS° (11) 

ln Kc = ΔS°/R - ΔH°/RT                  (12) 

 
Where, 

R = Universal gas constant; T = Absolute temperature (K) 
 

Figure 12. The estimation of thermodynamic 
parameters. 

Table 5. Thermodynamic parameters for adsorption of AV 17 on MWCNT at different temperatures 

 ΔGo (kJ/mol) ΔSo (kJ/mol.K) ΔHo (kJ/mol) 

Temperature (K) 298 308 318 328   

Co (mg/L) 
200 

-4,651 -5,986 -7,010 -8,399 0,123 31,870 

 
 

From Table 5., it is seen that the ΔG° value decreases 
as the temperature increases. Negative ΔG° values 
indicate that adsorption is spontaneous and 
thermodynamically favorable. Also, absolute values of 
ΔG° less than 20 kJ/mol indicate that dye adsorption on 
MWCNT is mainly physical adsorption. Positive ΔH° values 
indicate that the reaction is endothermic. In addition, an 
absolute ΔH° value of less than 84 kJ/mol indicates that 
the process is physical adsorption [39]. Positive ΔS° values 
are also related to the randomness of the whole system 
during the adsorption process and the adsorbent's AV 17 
gravity force [40].  

 

Conclusions  
 

Many parameters such as dye concentration, pH, 
contact time, adsorbent dose and temperature were 

found to be effective in the removal of AV 17 using 
MWCNT. It was determined that the treatment was more 
effective at natural pH conditions. This is very beneficial at 
the application scale as there is no additional cost for pH 
adjustment. The kinetic and isotherm modeling of AV 17 
dye adsorption with MWCNT showed agreement with 
pseudo-second-order kinetics and the Langmuir 
isotherms. The thermodynamic study presented a 
favorable and spontaneous adsorption process. MWCNT 
showed a high adsorption capacity (qm= 322.58 mg/g). 
This is a very good value compared to other results 
obtained in the literature for AV 17 dye removal. All the 
results obtained showed that MWCNT can be used 
effectively for azo group dye removal. 
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