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ABSTRACT

This study compared the removal efficiencies of Basic red 46 from aqueous solutions with and
without ultrasound-assisted processes using lignite as a low-cost adsorbent. The effects of various
experimental parameters such as contact time, adsorbent dosage, initial solution, pH, initial dye
concentration and temperature on the dye removal efficiency were investigated. The experimental
results were modelled by the kinetic and isotherm models. Both of processes fitted well to pseudo-
second-order kinetics and the Langmuir model with highest correlation coefficients for all of three
temperatures. The results showed that the influence parameters have a different effect on the removal
efficiency in the presence and absence of ultrasonic irradiation. When the results obtained for both
processes are compared, it is seen that the removal efficiency obtained with the ultrasound assisted
process is much higher than that obtained with non-ultrasound assisted process at high dye con-
centrations. The removal efficiency of ultrasound-assisted and unassisted processes was found
to be 81.5% and 54.6%, respectively, at 80 mg/L dye concentration and 60 min. Thermodynamic
parameters showed that the adsorption process was spontaneous and exothermic. The enthalpy
and entropy changes for the ultrasound-assisted process were —9.35 kJ/mol and -0.03 kJ/K-mol,

respectively.

Keywords: Basic red 46; Lignite; Adsorption; Ultrasound assisted process; Dye removal efficiency

1. Introduction

Many industries such as clothing, textile, leather, dye-
stuff, pharmaceutical, paper, plastic, food processing and
cosmetic produce coloured effluents containing various
pigments and dyes discharge the same to receiving waters
[1,2]. From an environmental point of view, effluent streams
containing the synthetic dyes even in trace quantities are
highly undesirable because they have detrimental effects on
photosynthetic phenomena by interfering the sunlight pen-
etration. And also, some of them are toxic and carcinogenic

* Corresponding author.

properties. Therefore, dye removal from wastewaters is of
great importance before releasing into the natural environ-
ment [1-4]. Most of the dyes are chemically stable and their
biodegradability is low due to usually synthetic origin and
complex molecular structure of them. In this case, their
removal by applying conventional methods such as ozona-
tion, chemical coagulation, electrochemical oxidation, pho-
tocatalytic discolouration is very difficult [1-4]. Adsorption
has attracted attention as an effective, economic and feasi-
ble method and it has many advantages compared with the
existing traditional treatment methods [1-7]. In addition to
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the use of activated carbons obtained from various precur-
sors, leaf-based adsorbents and biochar for dye removal,
chemical and photocatalytic degradation processes are also
becoming increasingly widespread. In addition, in recent
years, there have been many studies on biochar in the
removal of organic and inorganic pollutants [8-12].
Although activated carbon is commonly used as an
effective adsorbent in the adsorption processes, its use has
become limited due to some reasons such as the high cost,
the need for regeneration and decreased activity after regen-
eration [2,5,6]. The low-cost natural adsorbent materials
such as lignite have been employed in the removal of colour
and organic pollutants from aqueous solutions [13-15].
Coals exhibit a variety of surface properties and hence
adsorption properties depending on its original plant nature
[16,17]. To improve the limitations of other applications such
as high cost, ineffective for removal some pollutant, opera-
tion problems and produce toxic secondary pollutants [18]
over the past decade, combined adsorption applications in
wastewater treatment have been accepted to be an effective
purification process to reduce traces of dyes and organic
pollutants [3,19]. For this purpose, one of the innovate
technologies used with adsorption is sonication and many
research studied in this subject is available in the literature
[3,17,19-22]. It is reported that the ultrasound irradiation
cause to enhance the rate of chemical reactions and mass and
heat transfer using cavitation occurred [17,19,22]. Cavitation
is the phenomenon of the formation, growth and collapse
of microbubbles or cavities occurring in an extremely short
time interval in a liquid [19,23]. By the collapse of cavities,
a high amount of energy is released. The collapse of bub-
bles leads to forming of the regions with local high pressure
and temperature [16]. Ultrasound creates to increase in sur-
face area by forming many micro-cracks on the solid surface
with cavitation [3]. As a result of water pyrolysis in the col-
lapsing cavitation bubbles, hydroxyl (“OH) and hydrogen
("H) radicals are formed [3,18,22,23]. Then, they carried out
the oxidation of the dissolved organic compounds by passing
through into water with the result of the production of oxy-
gen gas and hydrogen peroxide [3,18,23]. The reaction of
volatile or hydrophobic compounds occurs both OH radicals
and direct pyrolysis in the formed hot spots and interface by
collapsing bubbles formed [18,22,23]. Although ultrasound

Table 1
Molecular structure and specific characteristics of Basic red 46

irradiation applications have different advantages, the fact
that the degradation rates of many organic pollutants are too
low for practical use can be seen as a disadvantage. One of
the methods applied to solve this problem is the addition of
solid particles or reagents [17-23]. Thus, degradation of the
organic pollutants using this method will be carried out in
shorter time and consequently the required time, energy
and cost will be reduced. This study, it was aimed to com-
pare the removal efficiencies of Basic red 46 from aqueous
solutions with and without ultrasound-assisted processes,
using lignite as a low-cost adsorbent. The influencing param-
eters on the dye removal process, such as initial Basic red 46
(BR 46) concentration, pH of the solution, lignite dose, tem-
perature and time has been studied. The experimental results
were evaluated by applying them to both the kinetic and
isotherm models.

2. Materials and methods
2.1. Material

The low bituminous coal samples used as an adsor-
bent in this study were obtained from Agkale coal mines in
Turkey. The obtained samples were air-dried, ground and
then sieved using ASTM standard sieves to give a fraction
having a mesh size of 180 + 400. The Basic red 46 cationic
dye used as adsorbate was obtained from Shimi Boyakhsaz
Company (Iran) and used without purification. Table 1
shows the molecular structure and specific characteristics of
dye. All other chemicals used in this study were analytical
grade and provided by Sigma-Aldrich (Germany) Distilled
water was used in the preparation of the solutions and
all experimental work.

2.2. Experimental procedure

Batch adsorption experiments were performed in 150 mL
glass-stoppered, round-bottom flasks immersed in a tem-
perature-controlled thermostatic shaker at the constant stir-
ring rate (150 rpm) and temperature (20°C) in neutral pH of
7. In ultrasonic-assisted adsorption experiments, ultrasonic
irradiation was performed using a Bandelin SONOREX
device (Germany, 40 kHz and 640 W) under the same experi-
mental conditions. For this, first a 15-min adsorption process

C.I. name Chemical structure Molecular formula M, (g/mol) A, (Nm)
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was carried out and then ultrasonic irradiation was applied
for a certain period of time. To ensure uniform conditions,
the bottom of the flasks was kept fixed at a distance of 1.0 cm
from the ultrasonic radiation source in all processes. A stock
dye solution of 1000 mg/L was prepared with distilled water.
Afterwards, experimental solutions were obtained at the
desired concentration by diluting with distilled water. For
use in the experiments, 0.1 g of lignite sample was mixed
with 100 mL of the aqueous solutions of the various initial
concentrations of BR 46. The various operational param-
eters such as time (5, 10, 20, 30, 40 and 60 min), tempera-
ture (293, 313 and 333 K), initial dye concentration (10, 20,
40, 60, 80 and 100 mg/L) and pH of the solution (3, 4, 6, 7,
8, 10 and 12) were selected and their effects on adsorption
were examined. The pH of the solution was adjusted with
concentrated HCl and NaOH solution by using a WTW
inoLab pH meter (WTW Inc., Weilheim, Germany) with a
combined pH electrode. In the adsorption experiments, the
stirring speed of the thermostatic shaker was kept constant
at 150 min™. At the end of each adsorption period, the sam-
ples were immediately centrifuged and the remaining dye
concentration in solution was measured using the Varian
Cary 100 UV-Vis Spectrophotometer (Australia) at a max-
imum wavelength of 530 nm. The dye removal percentage
was calculated using Eq. (1):

Removal(%) = @x 100 1)

0

where C; (mg/L) and C, (mg/L) are the initial dye and dye
concentrations at time f, respectively. The adsorbed dye
amount g (mg/g) was calculated using Eq. (2):

Table 2
Proximate and ultimate analyses of the Agkale lignite

113

(C,-C)xV
m

q= @)
where C; (mg/L) and C, (mg/L) are the initial and equilib-
rium dye concentrations, respectively, V (L) is the volume of
the solution and m (g) is the mass of the adsorbent.

3. Results and discussion
3.1. Characterization of lignite sample
3.1.1. Chemical composition and basic physical properties

The proximate and ultimate analyses results of the
Askale lignite used in this study are given in Table 2 [14,24].

3.1.2. Mineralogical analysis

The mineralogical composition of Askale lignite was
determined by X-ray diffraction spectroscopy and is given
in Fig. 1. The main impure minerals found in lignite are
quartz, pyrite, calcite and zeolite. It also contains a high pro-
portion of the pyrite mineral with lignite [25]. A sharp peak
at 26.66° and peaks at 39.48° and 43.28° seen in Fig. 1 indi-
cate the presence of carbon-based microcrystalline graphite
structures and aromatic layers in lignite.

3.1.3. Fourier-transform infrared spectroscopy analysis

The Fourier-transform infrared (FTIR) spectra of the raw
Askale lignite, pure BR 46 cationic dye and the sample after
adsorption at 293 K and the sample after ultrasonic irra-
diation are given in Fig. 2. The FTIR spectrum of coal and
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Fig. 1. X-ray diffraction pattern of Agkale lignite.



114 C. Karaca et al. / Desalination and Water Treatment 315 (2023) 111-121

160
——BR46 ——Lignite Adsorption ~ —— Ultrasonic irradation
[~
120
g
e v
g s
£ 80 ; |
= ; i
£ | }
5 3520 ¢m* | . ; L
; 40 F 3442 cm? | ;sso | W 535 crh!
‘ 1 o [ 798 em
3265cm' 2922 cm? 1619 cm* i
1035 cm? 467em
4000 3600 3200 2800 2400 2000 1600 1200 800 400

Wavenumber (cm™)

Fig. 2. Fourier-transform infrared spectra of the raw Askale lignite, pure BR 46 cationic dye and the sample after adsorption at 293 K

and the sample after ultrasonic irradiation.

its derivatives can be broadly divided into four regions,
respectively: aromatic structures at 900-700 cm™; groups
containing oxygen at 1800-1000 cm™; aliphatic structures
30002800 cm™; hydrogen bonding sites at 3700-3000 cm™
[26,27]. The bands at 467 and 525 cm™ show Si-O-Si and
Si-O-Al groups in the clay structure, respectively [28]. The
band at 798 cm™ represents the bending vibrational region
of —-CH outside the aromatic ring [29]. The absorption peak
at 1619 cm™ is attributed to C=C groups and 1035 cm™ is
assigned to the C-O stretching vibration as carbonyl groups
[29]. The absorption peak around 2922 and 2850 cm™ is due
to the stretching vibration of -CH, and -CH, groups [29]. A
sharp band around 3520 and 3442 cm™ in the 3200-3600 cm™
spectral region corresponds to overlapping symmetrical
(H-O-H) and asymmetrical (H-O-H) stretch vibrations
[28,30]. The symmetrical and asymmetrical bands of H-OH
can be attributed to the water in the clay structure [28]. In
addition, the C=N vibration peaks at 1675-1500 cm™ and
the C-H vibration peaks at 1250 cm™ are also character-
istic for the BR 46 dye. While these peaks are not visible
in the lignite spectrum, they can be seen in the samples
after adsorption and ultrasonic irradiation, which clearly
demonstrates the adsorption of the dye by the lignite (Fig. 2).

3.1.4. Microstructural analysis

The scanning electron microscopy (SEM) technique is
widely used to determine the surface morphology of the
studied materials [31]. SEM images of Agkale lignite at
four different magnifications, together with the results of
energy-dispersive X-ray spectroscopy (EDS) analysis are
given in Fig. 3. It can be seen from these images that the
lignite has a heterogeneous structure and exhibits a rough,
non-porous but layered morphology. Furthermore, the EDS
analysis results show very high oxygen and relatively high
iron content. The high oxygen content means that the sur-
face of the low-rank and high-ash lignite sample is highly
oxidized and therefore contains a high percentage of oxy

functional groups as well as metal oxides. Both oxy-func-
tional groups and metal oxide surfaces are highly favor-
able for cationic dye adsorption.

3.1.5. Surface area and pore structure of lignite

The specific surface area of lignite was measured on
a Micromeritics 3 Flex Instrument (USA) using nitrogen
adsorption—desorption isotherms at —197.2°C with relative
pressure varying from 0 to 1. Before measurements, the lig-
nite sample was degassed for 1.5 h at 100°C in the degas-
sing port of the adsorption analyser. In this stage, the total
pore volume of the sample was measured for the single
point P/P® value of 0.988, and the pore size distribution was
determined by the Barrett-Joyner—-Halenda (BJH) method.

From the values in Table 3, it can be said that lignite has
low porosity and mesopores [32]. Fig. 4 shows the N, adsorp-
tion/desorption Brunauer-Emmett-Teller (BET) isotherm of
lignite and reflects the Type-II isotherm and H, hysteresis
loop according to the isotherm The International Union of
Pure and Applied Chemistry (IUPAC) classification. This type
of isotherm indicates strong interactions between adsorbate
and adsorbent and multilayer adsorption [14,33]. In addi-
tion, the physical absorption of most gases on non-porous or
macroporous adsorbents can also conform to the reversible
Type II isotherm [33]. It can be seen from the same table that
the BET (N,) surface area and monolayer adsorption capac-
ity are 20.27 m?/g and 11.44 cm®/g, respectively. The mean
pore diameter and total pore volume are also 4.041 nm and
0.021 cm?/g, respectively. Coals with mesoporous structures
containing open slit-shaped capillaries with a wide body and
narrow short neck may exhibit an H, hysteresis ring [14]. H,
hysteresis loops are generally observed in aggregated zeo-
lite crystals, microporous carbons and some porous zeolites
[33]. The results obtained from the X-ray diffraction spectra
and SEM images of lignite are also in line with these results.

Fig. 5 shows the pore size distribution of the lignite
sample based on the BJH model. From this figure, it can
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Fig. 3. Scanning electron microscopy images and energy-dispersive X-ray spectra of Agkale lignite.
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Table 3
Results of the surface area measurements of lignite

Parameter Lignite
Brunauer-Emmett-Teller surface area (m?/g) 20.72
Barrett-Joyner-Halenda cumulative surface area (m?g) 11.44
Total pore volume (cm®/g) 0.021
Average pore width (nm) 4.041
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Fig. 4. Isotherms of N, adsorption/desorption of Askale lignite.
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Fig. 5. Barrett-Joyner-Halenda pore-size distribution of the
Agkale lignite.

be seen that the pore volume size distribution of the lignite
sample is mainly in particles finer than 10 nm.

3.2. Operational parameter
3.2.1. Effect of adsorbent dosage

To examine the effect of adsorbent dosage on the removal
efficiency of BR 46, adsorption experiments with and with-
out ultrasonic radiation were carried out at 293 K tem-
perature, natural pH 80 mg/L initial dye concentration and
various adsorbent dosages between 0.25 and 1.00 g/100 mL
for 30 min. The results are plotted in Fig. 6a and b.

From Fig. 6a and b, it can be seen that in both ultra-
sound-assisted and unassisted adsorption experiments, the
adsorbed amount is relatively low but the removal efficiency
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Fig. 6. (a) Effect of adsorbent dosage on adsorbed dye amount
onto lignite without and with ultrasound-assisted ([BR 46];
80 mg/L, temperature: 293 K, and contact time: 30 min). (b) Effect
of adsorbent dosage on the dye removal efficiency by adsorp-
tion onto lignite without and with ultrasound-assisted ([BR 46];:
80 mg/L, temperature: 293 K and contact time: 30 min).

increases with increasing adsorbent dosage. The trend of
change in the adsorbed amounts can be explained by the
fact that the adsorbate amount does not increase at the same
ratio with the increasing amount of adsorbent, depending on
the adsorbed amounts calculated as per unit adsorbent. For
this reason, the adsorbent dosage was taken as 0.10 g/100 mL
in all other experiments. The fact that the rate of change of
adsorption efficiency is lower with increasing adsorbent dos-
age in the non-ultrasonic-assisted process, that is, the curve
has a lower slope, can be explained by the relative decrease
in the density of sites suitable for adsorption due to aggre-
gation and therefore the decrease in the total surface area
can be used and is the relative extension of the diffusion
path length [19,34]. The relative increase observed in the
values obtained from ultrasound-assisted experiments can
be attributed to the decrease in diffusion resistance due to
disaggregation or cavitation induced by radiation.

However, it is highly probable that cavitation will cre-
ate microcracks in the lignite structure, resulting in a higher
surface area, and also increase the effectiveness of the
radicals generated by ultrasound irradiation in dye removal.

3.2.2. Effect of initial dye concentration

The variation of the adsorption capacity with time was
investigated as non-ultrasound-assisted and ultrasound-
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assisted, and the results are given in Fig. 7a and b, respec-
tively, for various initial dye concentrations. It can be seen
from Fig. 7a that the time to reach adsorption equilibrium is
approximately 10 min for all initial concentrations. In ultra-
sound-assisted experiments, it can be seen from Fig. 7b that
while the time to reach equilibrium is 10 min at low initial
dye concentrations, the time increases up to about 30 min in
higher dye concentrations. However, the removal efficiencies
obtained at all initial dye concentrations in ultrasound-assisted
experiments were higher than those obtained from experi-
ments without ultrasound-assisted. Accordingly, it can be said
that the dye removal at low concentrations is not very depen-
dent on the type of process and the adsorption capacity of lig-
nite is high enough. However, at higher dye concentrations,
the removal and increase in time observed in ultrasound-as-
sisted experiments is due to increased mass and heat transfer
due to a possible temperature increase by adiabatic collapse
of microbubbles as a result of moisture evaporation, and
changes in the textural structure of lignite with partial removal
of volatile matter and sulfur via thermal decomposition. as
well as increased interactions between dye molecules and
hydroxyl or other radicals [18,23,35,36]. Hydrogen peroxide,
which can form in the aqueous environment during the deg-
radation of the dye, can also change the surface and textural
properties of lignite [3,18,23].
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Fig. 7. Variation of dye removal efficiency with contact time at
different initial dye concentrations for non-ultrasound-assisted
process (a) and ultrasound-assisted process (b) (adsorbent
dosage: 0.1 g/100 mL, and temperature: 293 K).
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It has also been reported that degradation of lignite
by hydrogen peroxide can lead to residue rich in aliphatic
compounds and carboxylic groups [37].

3.2.3. Effect of pH

The pH of the solution has a critical role in adsorption
since it can affect the properties of both adsorbent and adsor-
bate, and also plays a role in the generation of reactive radi-
cals [22,34]. The dependence of the removal efficiency of BR
46 with and without ultrasound assisted processes on the
initial pH of the solution was investigated in the pH range
of 3-12. In the experiments initial dye concentration was
fixed to be 10 mg/L, the adsorbent dosage was 1 g/L and the
temperature was 293 K. The results were presented in Fig. 8.
As shown in Fig. 8, pH has not significantly affected in both
two processes. From Fig. 8, in which the results obtained
are graphed, it can be seen that with the increase of solu-
tion pH, the removal efficiency first decreases slightly and
then increases. However, the removal efficiency in the ultra-
sound assisted process is much higher than in the non-ultra-
sound assisted process at all pHs studied. Especially in the
pH range of 4.0-8.0, the adsorption of cationic dye will be
partially reduced due to possible protonation of carboxylic
and phenolic groups on the lignite surface [38]. However,
the removal efficiency increased due to the possible oppo-
site change in surface charge with increasing hydroxyl ion
concentration, as well as the effectiveness of interactions such
as hydrophobic and/or hydrogen bonding. The increases
observed in the dye removal efficiency in the ultrasound-as-
sisted process indicate the positive effect of the presence of
radical species. Thus, it can be said that ultrasonic irradia-
tion causes both the degradation of dye molecules by radi-
cals and an increase in active adsorption sites in the adsor-
bent as a result of cavitation. Merouani et al. [39] reported
that the sonochemical dissociation of Rhodamine B at
very low pH was higher than that obtained at higher pH.

3.2.4. Effect of temperature

The variation of dye removal efficiency by non-ultra-
sound-assisted and ultrasound-assisted processes with

9 o7

W Ultrasound-assisted adsorption
B Adsorption

100 {

80 7

60 1

40

Removal efficiency (%)

20

Fig. 8. Variation of dye removal efficiency with initial solution
pH for both non-ultrasound-assisted and ultrasound-assisted
processes (contact time: 30 min, temperature: 293 K, adsorbent
dosage: 0.1 g/100 mL and [BR 46] : 80 mg/L).
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temperature (293, 313 and 333 K) was investigated as a func-
tion of contact time, and the results are plotted in Fig. 9a
and b, respectively. From both figures, it can be seen that
the dye removal increases with increasing temperature,
but the increase is higher in the ultrasonic assisted process.
Accordingly, it can be said that the adsorption process is
endothermic in nature and that the temperature increase
positively affects both radical species formation and radical
interactions. This can be explained by the thermal move-
ment increasing with temperature and the dominant effect
of hydroxyl radicals in the degradation of the dye [40].

3.3. Isotherm studies

Examining the compatibility of experimental data with
isotherm models is very important in terms of elucidating
the adsorption mechanism [20,21]. For this, the compatibility
of the results obtained from the experiments with non-ultra-
sound assisted and ultrasound assisted processes at 293 K to
the most widely used isothermal models such as Langmuir,
Freundlich, Temkin, Dubinin—-Radushkevich, Harkins—Jura,
BET, Halsey, and Smith & Henderson were examined. For
this, the constants related to the models were calculated by
linear regression using linear forms of the isotherm equa-
tions and are given in Table 4 together with the regression
coefficients and isotherm equations with only relatively
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Fig. 9. Effect of temperature on the dye removal for non-ultra-
sound-assisted process (a) and ultrasound-assisted process (b)
([BR 46],: 80 mg/L, pH: 6.2, and adsorbent dosage: 0.1 g/100 mL).

high fit. Therefore, the table does not include relevant
results from BET, Halsey and Smith & Henderson isotherm
models. It can be seen from Table 4 that the highest agree-
ment of experimental data for both processes is obtained
with the Langmuir model. Accordingly, it can be said that a
homogeneous, monolayer, localized adsorption takes place
on active sites with equal energy in both processes and
the interaction between adsorbed particles is limited [41].

3.4. Kinetics studies

Investigation of adsorption kinetics is extremely
important in terms of determining the rate and mechanism
of adsorption and thus being able to design the system.
Therefore, in this study, the experimental data obtained from
the experiments with non-ultrasound assisted and ultra-
sound assisted processes at 293, 313 and 333 K, has been
applied to kinetic models such as pseudo-first-order, pseu-
do-second-order, intraparticle diffusion and Elovich [24].
Equations of these kinetic models are given in Egs. (3)—(5),
respectively [42-47].

ln(ql, - ql) =Ing, -kt 3)
t1 t
—=t— @)
9. ka. a.
g, =k~t+C (5)

where g, and g, are the amounts of BR 46 adsorbed at equi-
librium and at a given time, respectively, k, (s) is the rate
constant of the pseudo-first-order model, k, (g/mgs) is the
rate constant of the pseudo-second-order model, (mg/s'*g),
k, is the intraparticle diffusion rate constant and C (mg/g) is
the boundary layer thickness [42-44].

For this purpose, the constants calculated from the lin-
ear regression analysis of the curves resulting from the
application of the experimental data to the linear forms of
the kinetic equations, together with the regression coeffi-
cients and kinetic equations, are given in Table 5. It can be
seen from Table 5 that the kinetic data from experiments
with both processes can be well described to the pseudo-
second-order kinetic model, with the highest R* values.
Thus, in parallel with the isotherm analysis results, it can be
argued that the interactions between the dye particles and
the active groups on the lignite surface are highly effective,
and that the chemical interaction of the dye with the radi-
cal species plays a decisive role in dye removal.

3.5. Thermodynamic studies

The changes in thermodynamic quantities such as
isostatic enthalpy (AH?,), isostatic entropy (AS?) and
Gibbs free energy (AG?,) for BR 46 adsorption on lignite
by ultrasound assisted process were calculated using the

equations given in Egs. (8)—(10) [48]:

d(InC) __AH,,
d(1/T) R ©
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Table 4
Compatibility of the results obtained from the experiments with non-ultrasound assisted and ultrasound assisted processes at
293 K for 30 min
Isotherm Equation Parameters Non-ultrasound assisted process Ultrasound-assisted process
293K 293 K

Langmuir Clg=1/Kq, +(1/q,)C q, 50.50 89.28

K 0.14 0.23

R? 0.988 0.990
Freundlich Ing = InK; + nInC n 0.12 0.51

K, 17.43 17.50

R? 0.859 0.981
Temkin q,= (RT/b,)Ina + (RT/bT)lnCe b, 0.26 0.47

a, 2.42 3.40

R? 0.934 0.980
Dubinin-Radushkevich Ing=Ke?+1Ing_, K -8.00E-07 -2.00E-07

Ior 3791 52.39

R? 0.734 0.815
Harkins-Jura 1/4* = (B/A) — (1/A)logC B 1.60 1.05

A 166.66 188.67

R? 0.496 0.714

g and g, adsorption capacity of lignite (mg/g); q,, monolayer adsontion capacity (mg/g); C and C, equilibrium concentration (mg/L); n, K, K,
b, a, q.. B and A are constant parameters for the isotherm equations.

Table 5

Calculated parameters of the kinetic models for the results obtained from the experiments with non-ultrasound assisted and ultra-
sound assisted processes at 293 K

Initial Temp. Pseudo-first-order Pseudo-second-order Intraparticle diffusion
concentration (K) R2 k, Qoo 0o R2 k. C R2
mg/L g/mgs mg/g mg/g mg/s'g
10 293 0.0236 - 82437 8.6730 0.9965 - 9.6752  0.4683
20 293 0.3031 - 18.3907 18.2815 0.9999 0.0039 18.2430  0.1934
40 293 0.2907 0.00795 28.3172 28.2486 0.9996 0.0129 27.7110 0.1378
Non-ultrasound 60 293 0.6785 0.00027 38.1838 40.0000 0.9980 0.1515 32.2180 0.9002
assisted process 80 293 0.4893 0.00038 42.6306 44.2478 0.9998 0.0920 39.1920 0.9251
100 293 0.2795 0.00037 452611 47.6190 0.9996 0.0915 425820 0.9746
80 313 0.2936 0.00042 50.3926 52.3560 0.9997 0.0669 48.3600 0.9112
80 333 0.1307 0.00054 56.4429 58.1395 0.9998 0.0513 55.1440 0.8975
10 293 0.022 0.01138 9.6093  9.6525  1.0000 0.0039 9.4564  0.7978
20 293 0.1009 0.00401 18.8897 19.0114 1.0000 0.0097 18.4750 0.9074
40 293 0.0229 0.00536  36.9807 37.0370 1.0000 0.0251 36.0790 0.6119
Ultrasound 60 293 0.7139 0.00018 524333 54.9451 0.9994 0.2271 43.2260 0.9403
assisted process 80 293 0.7789 0.00014 65.8781 66.6667 0.9977 0.2845 51.9700 0.8548
100 293 0.5583 0.00012 77.8143 77.5194 0.9961 0.4364 56.7610 0.8369
80 313 0.4905 0.00018 64.6750 68.9655 0.9993 0.1692 59.2720 0.9609
80 333 0.5531 0.00019 69.7679 73.5294 0.9994 0.1630 64.1890  0.9682

ads

d(InC) S

AG°=-RTInK

@)

®)

where C is the equilibrium dye concentration (mg/L),
T is the absolute temperature (K) and R is the gas constant
(8.314 x 107 kJ/mol-K). The results are summarized in Table 6.

As can be seen from Table 6, AH. has positive val-
ues, AG, and AS?_have negative values. With increasing
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Table 6
Calculated thermodynamic parameters for BR 46 adsorption on lignite by ultrasound assisted process
Adsorbent T (K) C (mg/L) q (mg/g) AG° (kJ/mol) AH_,_ (KJ/mol) AS_,_ (k]/K-mol)
o 293 37.37 42.63 -27.31
LC‘grg(t)e . 313 29.61 50.39 -30.57 935 ~0.03
(G 80 mg/L) 333 2356 56.44 3451

temperature, the amount of adsorbed dye (7) also increases,
indicating that the process is endothermic. In addition, the
negative AG® , values calculated for all temperatures mean
that the ultrasound assisted process occurs spontaneously
[49]. On the other hand, negative entropy values mean a
decrease in disorder after adsorption and this can be asso-
ciated with the dispersion of water molecules that sur-
round dye ions in bulk phase and form a regular structure
after adsorption.

4. Conclusions

The removal of Basic red 46 from aqueous solutions by
adsorption method using lignite, with and without ultra-
sonic radiation, was investigated. In ultrasonic radiation-
assisted treatment, it has been observed that, due to the
effect of radicals produced by the cavitation process and
increased mass transfer, the decolorization efficiency is
quite high at high initial dye concentrations in the range of
60-100 mg/L. From the examination of the fit of experimen-
tal data to various isotherm models, it was seen that the best
fit for all temperatures in both processes was obtained with
the Langmuir adsorption model (R*: 0.988, q,: 50.50 mg/g
non-ultrasound assisted process and R* 0.990, q,: 89.28,
ultrasound-assisted process). Examination of the fit of exper-
imental data to kinetic models also showed that the best fit
was obtained with the pseudo-second-order model in both
processes (R* 0.999 at all initial concentrations). From thermo-
dynamic studies, isosteric adsorption enthalpy and entropy
were calculated as —9.35 kJ/mol and —0.03 kJ/K-mol, respec-
tively. Accordingly, it can be said that lignite can be used
effectively as a low-cost natural adsorbent in dye removal
from aqueous solutions and ultrasonic assisted adsorp-
tion process can also be an effective alternative treatment
method.
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