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a b s t r a c t
In this study, boehmite (–AlOOH) nanoplatelets and nanowires were synthesized at a pH of 5 
and 12, respectively, modified with sulfonic acid (–AlOOH-SA5), (–AlOOH-SA12), and were used 
to adsorb eriochrome black T (EbT) dye solutions. Transmission electron microscopy, scanning 
electron microscopy, Fourier-transform infrared spectroscopy and X-ray diffraction were used to 
characterize the prepared nanoplatelets and nano wires. The effect of many parameters including 
initial concentration, pH and contact time was investigated. Values of 212.76 and 116.28 mg g–1 
were,  respectively,  obtained for AlOOH-SA5 and AlOOH-SA12 for the adsorption maximum of 
EbT. Compared between two structures, the results indicated that the optimum conditions for 
100 mg L–1 EbT solution were pH of 3 and 0.5 g L–1 AlOOH-SA5 as well as pH of 3 and 1 g L–1 
AlOOH-SA12. Results of adsorption isotherms and adsorption kinetics indicated which they better 
matched by the Langmuir isotherm and also the adsorption kinetics better described by the pseu-
do-second-order model. Thermodynamic parameters have been measured, and results indicate 
that the adsorption process was spontaneous and exothermic for AlOOH-SA12 and nonsponta-
neous and endothermic for AlOOH-SA5. Finally, AlOOH-SA5 is a suitable adsorbent than that of 
AlOOH-SA12 and can be used for dye removal in wastewater treatment processes.
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1. Introduction

About 70% of the worldwide market used by dyeing 
industries is composed of azo dyes which are synthetic 
dyes. A reactive azo dye contains one or more azo bonds 
(–N=N–) acting as chromophores in the molecular struc-
ture [1]. Also, it is the largest group of organic dyes which 
is challenging to degrade even at low concentrations due 
to its high resistance to light, heat, water and chemical 
and microbial attack [2]. Therefore, it is highly important 
to remove azo dyes from wastewater effluents before dis-
charge into water bodies. Today, the use of adsorbents has 
increased for removing dyes from the wastewater [3–8].

The shape of nanoparticles is significant because a wide 
range of their physical and chemical properties is com-
pletely dependent on their sizes and morphologies. For 
example, optical or catalytic properties [9], CdTe tetrapods 
[10], and Cu2O coated with Cu nanoparticles [11] differ 
depending on their morphologies. Boehmite (γ–AlOOH) 
and its oxide derivatives such as α–Al2O3 and γ–Al2O3 are 
one of these nanoscale structures receiving considerable 
attention, and extensive studies have been conducted on this 
structure for numerous uses as catalysts, adsorbents, flame 
retardants and optical materials [12]. Until now, several 
kinds of boehmite nanostructures with different physical 
and chemical properties such as nanorods and nanotubes 
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[13], nanofibres [14] and nanowires [15] were recognized. 
Dyes produced by different industries are among the most 
hazardous materials contaminating not only water but also 
soil. It should also be noted that the presence of these dyes, 
even in very low concentrations in drinking water, causes 
unpleasant illnesses in humans and animals [16]. Besides, 
several classes of dyes are highly resistant to light, chemical 
and biological agents and other exposures, and their struc-
ture is not degraded. It is known that these structures cause 
mutations in humans [17]. Many techniques have been 
introduced to remove the dyes from wastewaters such as 
biological, oxidation or ozonation [18,19], flocculation [20], 
membrane separation [21] and adsorption [22–24]. From 
among several techniques mentioned above for the removal 
of dyes from water, adsorption methods are very profi-
cient, economic, and widely used for wastewater treatment 
[25,26]. As a novel method for dye removal, nanostructures 
offer a class of promising adsorbents which are ultra-fine 
with a large surface area.

Therefore, in our previous work on the dye adsorption, 
[27–33], the purpose of this research is the synthesis and 
characterization of boehmite (–AlOOH) nanoplatelets and 
nanowires modified with sulfonic acid and the compari-
son between these two structures in adsorption of anionic 
dye in different conditions such as contact time, pH, initial 
anionic dye concentration and temperature. Adsorption 
kinetics, isothermic and thermodynamic models were 
considered to obtain the parameters to describe the anionic 
dye adsorption processes.

2. Materials and methods

In this study, a comparison between modified boehmite 
nanoplatelets and nanowires has been performed for dye 
removal from aqueous solutions. Many materials including 
chlorosulfonic acid, Aluminum nitrate, potassium hydrox-
ide and sodium hydroxide with high quality were prepared 
of Scharlab Spanish Company (Barcelona), for the synthesis 
of boehmite. The Eriochrome Black T (EbT), high quality, 
was purchased from Merck Company.

2.1. Instruments

In this study, a Cary 100 UV–Vis spectrometer (Varian, 
USA) was used to study UV–Vis absorption spectra at 
23°C–25°C. To measure Fourier-transform infrared spectros-
copy (FTIR) spectra and X-ray powder diffraction, a Bruker 
spectrophotometer pressed into KBr pellets and a BRUKER 
B8 ADVANCE X-ray diffractometer with CuKα radiation, 
respectively, was used. Typically, the peaks of the adsor-
bent diffraction pattern in the 2θ range between 5° and 80° 
were scan with a velocity of 1.5°min–1. A PHILIPS CM30-200 
kV apparatus was used to measure transmission electron 
microscopy (TEM). A scanning electron microscope (Model 
XL30) and Metrohm 692 pH meter (Herisau, Switzerland) 
were used for nanoparticles size and pH measurements, 
respectively.

2.2. Preparation method of modified boehmite

To synthesize boehmite, we used the same method 
of synthesis of boehmite in the literature [28,34]. First for 

preparing a 0.4 M solution,  6 g of aluminium nitrate  was 
dissolved in 40 mL of distilled water. Then sodium hydroxide 
(2 M), drop by drop, was added to the solution of aluminium 
nitrate until the observation of milky solution and the pH of 
the aqueous solution reaches 5, titration is stopped. The final 
product was put in an autoclave (100 mL) at 200°C. After 
24 h, after cooling the autoclave to ambient temperature, 
the final deposit was separated by centrifugation apparatus. 
Finally using distilled water, the boehmites were washed and 
centrifuged in two stages and dried to achieve powder at 
60°C for 24 h.

2.3. Preparation of nano-boehmite modified by SA

The SA doped boehmite was prepared through using 
the following method. Initially, 0.04 g of chlorosulfonic acid 
was added to 2 g boehmite nanoplatelets and nanowires 
and stirred for 5 h to form a uniform solution at room tem-
perature. Then, the SA-boehmite was washed with distilled 
water several times, isolated using a centrifuge and ultimately, 
dried in an oven at 60°C for 2 h.

2.4. Method

For the study, the adsorption ability of EbT dye, several 
parameters are investigated, which include pH, tempera-
ture and time. For adsorption experiments, 0.005–0.05 g of 
AlOOH or AlOOH-SA was mixed with 10 mL of EbT dye 
solution to a suitable concentration and pH after shaking 
at 200 rpm and constant temperature. The pH value was 
adjusted between 2 and 11 using HCl (0.1 mol L–1) or NaOH 
(0.1 mol L–1) solution. Finally, using the spectrophotometer, 
the amount of adsorption was measured by the following 
equation:

%Removal =
−

×
C C
C
i f

i

100  (1)

Ci and Cf, respectively, are the initial and final concentrations 
of EbT in solution. The following equivalent is then used to 
measure the absorption capacity:

q
C C
M

Ve
e=

−
×0  (2)

In this equation, qe is the amount of absorption capacity, 
and Ce and C0, respectively, indicate the balanced and initial 
concentration of dye in solution (mg L–1). Other parameters 
that are seen in the equation are V and M which indicate 
the solution volume (L) and dosage of the absorbance (g), 
respectively [35].

2.5. PZC determination

The PZC was calculated using the following method: to 
completely remove the CO2 dissolved in the water, 100 mL 
of deionized water added to an Erlenmeyer flask which 
was capped with cotton and then heated for 20 min. Then, 
10 mL of it was added to a 25 mL Erlenmeyer flask with 
0.5 g of adsorbent and mixed for 24 h at 25°C. Finally, the 
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solution pH indicated the PZC. This method has been used 
satisfactorily [36–38].

2.6. Adsorption isotherms

The Langmuir and Freundlich are the two more com-
mon isotherms that are widely used to describe the adsorp-
tion processes. The Langmuir isotherm model is the first 
isotherm absorption, which is based on the molecules, or 
ions, bond to certain points at the surface of the adsorbent 
material, and monolayer absorption occurs. Besides, no 
interaction occurs between absorbed molecules [39]. This 
equation has been derived from Gibbs’ method which has 
been shown in Eq. (3) as follows:

C
q

C
q b q

e

e

e= +
×max max

1
 (3)

where b (L g–1) is the Langmuir constant that is related to 
the free energy of adsorption, qmax (mg g–1) is the mono-
layer adsorption capacity, Ce (mg L–1) is the adsorbate 
equilibrium concentration in solution and qe (mg g–1) is the 
concen tration of adsorbate on the surface of absorber.

A dimensionless constant, RL, known as separation fac-
tor, can be used to explain the essential characteristics of 
Langmuir isotherm, which is calculated using the following 
equation:

R
bCL = +( )
1

1 0

 (4)

where b is the Langmuir adsorption constant (L mg–1) and 
C0 (mg L–1) is the initial liquid phase concentration of the 
analyte. The value of RL explicates the adsorption process to 
be linear (RL = 1), unfavorable (RL > 1), favorable (0 < RL < 1) or 
irreversible (RL = 0) [40].

The basis of the equilibrium Freundlich isotherm is that 
the absorption occurs at a heterogeneous surface that energy 
is not distributed uniformly. This heterogeneity leads to the 
creation of various functional groups on the adsorbent and, 
consequently, promotes the formation of various mechanisms 
at the interaction between absorbent and adsorbent [41]. This 
model is displayed as follows:

q K Ce f e
n= 1/  (5)

qe (mg g–1) is the dose of dye adsorbed on the surface (mg g–1), 
Kf is an estimated indicator of adsorption capacity. The 
adsorption process is favorable for 1/n between 0 and 1, it is 
difficult to carry out if 1/n ≥ 2.

2.7. Kinetic studies

To study the kinetic adsorption of adsorbents and dye, 
the equations of pseudo-first order (PFE) and pseudo-second 
order (PSE) was used. In the PFE, the intensity of adsorbent 
sites filling is proportional to the number of vacant sites and 
driving forces are considered to be linear. The PSE is based 
on the level of equilibrium capacity, in which the intensity of 
adsorbent sites filling is considered to be proportional to the 

square of the number of vacant sites of the adsorbent. The 
linear form of the PFE and PSE is shown in the following 
equations [42,43]:

ln lnq q q k te t e−( ) = − 1  (6)

t
q k q

t
qt e e

=
( )

+
1

2

2  (7)

qt and qe are the amount adsorption capacities (mg g–1) and 
t is the time (min) at the equilibrium, and k1 and k2 are the 
first and second rate constant (L min–1), respectively.

3. Results and discussion

3.1. Fourier-transform infrared spectroscopy analysis

The FTIR image of a nanoplatelets and nanowires 
boehmite is shown in Figs. 1a and 2a. Peaks in 730.3; 1,070.83; 
1,151; 2,090.13; 3,080.01; and 3,272.52 cm–1 indicate the struc-
ture of nanoplatelets and nanowires boehmite [27]. Also, 
the peak in 3,080.01 and 3,272.52 cm–1 related to –OH and 
Al–O, respectively. Figs. 1b and 2b are related to the nano–
AlOOH modified with sulfonic acid, which is very similar to 
Figs. 1a and 2a; however, compared with the previous figure, 
a series of peaks have been added in areas; 1,649.25 (1,644.93) 
cm–1and 2,964 cm–1 relate to S=O groups and OH stretching 
absorption of the SO3H group, respectively. The results of this 
section confirm that the sulfonic groups have functionalized 
the surface of the nano-AlOOH.

Fig. 1. FTIR image of (a) AlOOH and (b) AlOOH-SA12 
adsorbents.
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3.2. Analysis of SEM, TEM and X-ray diffraction

The images of scanning electron microscopy (SEM) 
and transmission electron microscopy (TEM) related to the 
nano-boehmite are shown in Fig. 3. The AlOOH12 struc-
ture constructed in the alkali pH was plate-shaped, with 
the nanoscale size of about 50 nm. The structure of AlOOH5 
constructed in the acidic pH was rod-shaped with nanoscale 
size. As the figures show, the length and height of the 
particles were about 50 and 100 nm, respectively.

Findings of the X-ray diffraction (XRD) test for two 
samples of nano- AlOOH and nano- AlOOH modified with 
sulfonic acid are shown in Figs. 4 and 5. Compared with the 
standard cards, nanoparticles, or nano-adsorbents, are well 
synthesized because the sample peaks are similar to the stan-
dard sample. Findings of the XRD test for the AlOOH-SA 
and its comparison with the standard sample suggested 
that the structure of the nano-boehmite remained fixed after 
the modification of its surface, showing no change.

The initial peak that highly increased indicates the 
anisotropic crystallographic nature of the particles in 
the sample of AlOOH-SA5, in which no impure peak is 
observed. However, in the sample of AlOOH-SA12, impuri-
ties are observed in the structure. Finally, using the Schwartz 
equation, the mean particle size was obtained as 22.90 nm 
for the AlOOH-SA5 and 17.81 nm for the AlOOH-SA12.Fig. 2. FTIR image of (a) AlOOH and (b) AlOOH-SA5 adsorbents.

  

 

AlOOH-SA12 AlOOH-SA5 

Fig. 3. SEM and TEM images of AlOOH adsorbents.
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3.3. Studying the pH effect on the removal efficiency

One of the key factors on the general adsorption pro-
cess is the effect of pH, which affects the chemical proper-
ties of both adsorbents and dyes in solution. To study the 
effect of pH on the adsorption process, 0.03 g of AlOOH-SA5 
and AlOOH-SA12 were added to 10 mL and 100 ppm of 
EbT solution and the pH of the solution was set at 2–11. 

Fig. 6 clearly shows the dependence of pH on the EbT adsorp-
tion efficiency onto the adsorbents.

For the AlOOH-SA5 adsorbent, however, with increas-
ing of the pH, the removal amount of EbT is constant when 
the pH value <11 and, thus, pH = 3 was selected as the best 
pH. For the AlOOH-SA12 adsorbent, with the increase of 
pH, the EbT removal rate stayed constant up to pH = 3 
and then, decreased with increasing the pH value. For this 
adsorbent, pH = 3 was the best pH in removing the EbT 
dye. At lower pH values (pH < pHPZC), the adsorbent had 
a positive charge. Moreover, the EbT dye may be present in 
anionic forms. In such conditions, EbT molecules have high 
tendency with it. By increasing the pH value (pH ≥ pHPZC), it 
tends to change in inverse [44,45].

The PZC of the AlOOH-SA5 and AlOOH-SA12 are 1.65 
and 1.75, respectively, the forming of a negative charge on 
the adsorbent surface is easy, then the dye contains a neg-
ative charge will combine with adsorbent [46]. Thus, the 
boehmite adsorbed anionic dyes, and the solution pH was 
lower than the pHPZC of AlOOH, which was beneficial for 
the adsorption.

3.4. Effect of adsorbent dosage and contact time on 
the dye removal

To examine the effect of adsorbent dosage on dye 
removal, different dosages of the adsorbent were used for 
the adsorption of the 100 ppm EbT solution. Results in 
Fig. 7 are shown that by increasing the adsorbent dosage 
from 0.02 to 0.03 g led to an increase of the dye removal rate, 
whereas its increase from 0.03 to 0.06 g was accompanied 
with the decreased dye removal rate. The obtained optimal 
mass for the AlOOH-SA5 adsorbent was equal to 0.005 g. 
Similar results were obtained for AlOOH-SA12 where the 
optimal mass for the adsorbent was measured as 0.01 g. 
The capacity of dye adsorption generally increases with 
increasing absorbent dosage because the increased dosage 
of the adsorbent is associated with increased special surface 
and adsorption sites [47,48].

Results of Fig. 8 show that removal efficiency increases 
with increasing the contact time and reaches the optimum 
at 20 min for AlOOH-SA5 and 30 min for AlOOH-SA12. 

Fig. 4. XRD image of AlOOH-SA5 adsorbent.

Fig. 6. Effect of pH on adsorption of EbT dye on the adsorbents 
(conditions: 30 mg adsorbent, 10 mL of 100 mg L–1 of dye, 
duration of oscillation time of 20 min).

Fig. 5. XRD images of AlOOH and AlOOH-SA12 adsorbents.
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The removal percentage also reaches 100% and 99.5%, 
respectively. After this, increase in adsorption was very less, 
because of the availability and abundance of empty sites on 
the surface of the adsorbent, the rapid adsorption of EbT 
happens in the first few minutes.

3.5. Studying the initial dye concentration

Fig. 9 shows the effect of EbT dye concentration on the 
surface. To study this test, several parameters such as time, 

dosage of adsorbent and pH were regulated on the opti-
mum values and the adsorption dye investigated at different 
concentrations. According to this figure, when the initial dye 
concentration increases, the amount of the adsorbed dye is 
reduced. It can be concluded that dye removal is affected by 
its initial concentration.

However, at low concentrations of dye, it is possible 
that empty spots or active sites are more accessible on the 
absorbent surface than when there is a high concentration 
of EbT in the solution. Alternatively, with the increase in 
EbT concentration, the number of EbT molecules is also 
increased, so there are fewer active sites on the absorbent 
surface. Therefore, available active sites are quickly saturated 
and the percentage of dye removal decreased.

3.6. Comparing the amount of adsorption of EbT by the AlOOH-
SA5 and AlOOH-SA12 by AlOOH5 and AlOOH12

By comparing the different adsorbents, the adsorption 
capacity of the EbT significantly increases if the modified 
adsorbents were used as the adsorbent.

In brief, the purposes behind using AlOOH modified by 
SA were:

• Increasing the amount of adsorption of EbT
• Decreasing the time of reaction
• Decreasing the amount of adsorbent

The information presented in Table 1 displays the results 
of adsorption capacity of different adsorbents for removing 
EbT from the solution.

3.7. Results of the adsorption isotherms and kinetics

Fig. 10 presents the adsorption isotherm of AlOOH-SA5/
AlOOH-SA12 for EbT dye which it was fitted based on the 
adsorption process data. Table 2 presents the correlation 
coefficients and the adsorbent parameters. As shown in 
Table 2, the Langmuir model well fitted the adsorption iso-
therms, and theoretically, absorption capacity has the highest 
amount [33,48].

The EbT dye adsorption on the adsorbents carries out 
quickly, as is inferred from the values of 1/n and RL obtained 
from the Langmuir and Freundlich models, respectively; 
however, the dye adsorption carries out favourable. By con-
sidering the results of this section, we can conclude that there 
is monolayer adsorption for the EbT dye on the adsorbents.

Kinetic models can be used as an appropriate model that 
has information to understand the absorption mechanisms. 
The most widely used equations are the pseudo-first and 

Fig. 7. Effect of adsorbent weight on adsorption of dye on the 
adsorbents (conditions: 10 mL of 100 mg L–1 of EbT, duration of 
oscillation time of 20 min).

Fig. 8. Effect of reaction time on adsorption of EbT on the 
adsorbents (conditions: 10 mL of 100 mg L–1 of EbT).

Fig. 9. Effect of initial dye concentration on adsorption of 
EbT dye.

Table 1
Effect of different adsorbent on adsorption capacity (initial dye 
concentration of 100 mg L–1 and optimum condition)

qmax (mg g–1)Adsorbent
111.11AlOOH5
221.76AlOOH-SA5
38.40AlOOH12
116.28AlOOH-SA12
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second-order models. The PSE and PFE models were used to 
study the adsorption kinetics of the EbT dye by adsorbents.

According to Fig. 11, the PSE model was fitted best to 
the experimental data which indicates that the rate-limiting 
step is the chemical absorption that involves electron 
transfer between the absorbent and adsorbate by the 
valence force [8,33]. The constants of k1 and k2 are shown 
in Table 3.

3.8. Adsorption mechanism research

Adsorption, by regarding the theory of classical physi-
cal chemistry, is a surface effect. Due to the different nature 
of the interaction between adsorbent and adsorbate, it is 
divided into two parts, physical and chemical adsorption 
[49]. The Van der Waals, VDW, forces are the main interac-
tion for physical adsorption. Because there is no chemical 
bonds produce between the adsorbents and anionic dye, so 

Table 2
Comparison of dyes adsorption capacity of different adsorbents

Adsorption isotherm AlOOH-SA5 AlOOH-SA12

Langmuir 
equation

R2 0.984 0.9939
qmax (mg g–1) 212.76 116.28
KL (L mg–1) 0.376 4.48
RL 0.026 0.0022

Freundlich 
equation

R2 0.790 0.907
KF (mg g–1) 59.07 35.51
1/n 0.42 0.327

  

(a) (b)

Fig. 10. Adsorption isotherms of dye adsorbed onto AlOOH-SA in aqueous solution; Langmuir model (a) and Freundlich model (b).

 

(a)

(b)

Fig. 11. Kinetic models for the adsorption of dyes; pseu-
do-first-order (a) and pseudo-second-order (b) kinetics.

Table 3
Pseudo-first-order and pseudo-second-order model parameters constants for the adsorption of dyes on AlOOH-SA5 and 
AlOOH-SA12

PFE modelPFE model

R2k2 (g mg–1 min–1)qe (mg g–1)R2qe (mg g–1)k1 (min–1)Absorbents

0.99970.02933.890.86311.2980.0483AlOOH-SA5
0.99970.0092102.040.72310.470.0286AlOOH-SA-12
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the adsorption process is the physical absorption. The pos-
sible forms of the physical adsorption process are hydrogen 
bonds, π-π effect, electrostatic effect and VDW etc. There are 
numerous factors such as the steric hindrance intensity of the 
adsorbate, electric intensity of the hydrogen bond donor and 
acceptor, and the electrostatic effect which affect the physical 
adsorption process.

Fig. 12 presents the structure and related properties of the 
EbT dye. The results present that the AlOOH-SA has many 
sulfonyl and hydroxyl groups onto the surface; a hydrogen 
bond will be formed by combining these groups with adsor-
bate and between them.

By studying the dye, it can be realized that the sulfonyl 
group of EbT, with electron donor and receptor, is easy to 
combine with adsorbent and formed hydrogen bond [50]. 
The adsorption effect, in the EbT solution, mainly depends 
on hydrogen bonds, because of the existence of electronic 
donors and receptor, the formation of the hydrogen bond is 
easy. Therefore, AlOOH-SA combines with a large number of 
sulfonyl groups easily [50].

The structure of synthesized boehmite at pH of 5 is 
exfoliated (1D), but at pH of 12 it is platelet-like (2D), and 
in the exfoliated structure, the number of activated sites is 

higher than the platelet-like structure. Therefore, the adsorp-
tion of EbT dye in AlOOH5 adsorbent is more than the 
AlOOH12 adsorbent [51,52].

3.9. Thermodynamic studies

The changes of enthalpy (ΔH°), Gibb’s free energy (ΔG°) 
and entropy (ΔS°) for the adsorption were determined by the 
following equations:

lnK S
R

H
RTl = −

∆ ∆ο ο

 (8)

∆ ∆ ∆G H T Sο ο ο= −  (9)

where T is the solution temperature (K), R is the universal 
gas constant (8.314 J K–1 mol–1) and Kl is the equilibrium con-
stant [53]. The calculated parameters of thermodynamics are 
demonstrated in Table 4.

The values of Gibbs free energy ΔG° were calculated by 
knowing the ΔH° and ΔS°, and ΔH° was obtained from the 
plot of ln Kl vs. 1/T from Eq. (8). Once these two parameters 
were obtained, ΔG° was determined from Eq. (9). The 

Dyes and 
adsorbent 

Structural 
formula 

Molecular 
formula 

Molecular
 

weight 
(g/moL) 

EbT 

 

C28H31ClN2O3 
 

479.017 

AlOOH 

 

  

AlOOH-SA 

 

  

Fig. 12. Structure and properties of cationic dyes and adsorbents.
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increased randomness at the solid/solution interface during 
the adsorption occurs when the value of ΔS° is positive [54,55]. 
The negative values of ΔG° in Table 4 for AlOOH-SA12 reveal 
that Ebt dye adsorption by adsorbents is a spontaneous pro-
cess. Also, it is considered that the ΔG° values decreased 
with temperature growth from 20°C to 60°C, indicating that 
the process was more efficient at the higher temperature. 
Furthermore, the ΔG° of less than −15 kJ mol–1 implies that 
the interactions between metal ions and adsorbent sites are 
physical. Moreover, according to Table 3 for dye adsorption 
by adsorbents, the positive value of ΔS° and negative value 
of ΔH° represent that the process is exothermic with increase 
in randomness at the solid–solution interface within adsorp-
tion [56]. The lower adsorption heat obtained in this work 
indicated that physical rather than the chemisorption was 
prevailing [57]. The result obtained for AlOOH-SA6 shows 
that the change of activation ΔG is positive and it suggests 
that adsorption process for converting reactants into prod-
ucts requires energy. The ΔG value determines the reaction 
rate, rate increases as ΔG decreases, and hence the energy 
requirement is fulfilled, the reaction proceeds. The endother-
mic process happens when the value of ΔH is positive, which 
means that the reaction consumes energy. The negative ΔS 
value indicates that the adsorption leads to order through 
the formation of activated complex suggesting that dye 
adsorption adsorbent surface is an associated mechanism. 
Also when the amount of ΔS is negative, it usually means 
that no significant change occurs in the internal structure of 
the adsorbent during the adsorption process [33,58].

4. Conclusion

In this study, the ability of EbT removal from aqueous 
solutions was examined by two structures of boehmite 
(nanoplatelets and nanowires) modified by sulfonic acid, 
and these structures were characterized by XRD, SEM, TEM 
and FTIR. The results of TEM and SEM indicated that the 
AlOOH-SA12 structure is plate-shaped and the structure 
of AlOOH-SA5 is rod-shaped. The results indicated that 
the optimum conditions for 100 mg L–1 EbT solution were 
pH of 3 and 0.5 g L–1 AlOOH-SA5 as well as pH of 3 and 
1 g L–1 AlOOH-SA12. Also, the study of the AlOOH-SA5 
and AlOOH-SA12 adsorption capability revealed that there 
are many factors affected on them such as hydrogen bond, 
pH, electrostatic effect and materials structure. In sum-
mary, we presented comparative adsorption of two struc-
ture of boehmite (nanoplatelets and nanowires) modified 
by sulfonic acid adsorbents; the adsorption capability of 
AlOOH-SA5 was better than that of AlOOH-SA12. Boehmite 

as an alternative adsorbent can be used for dye removal in 
wastewater treatment processes in the future environment 
governance.
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