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Abstract

Natural and H2SOs-modified plane (Platanus orientalis L.) sawdust were used for the adsorptive removal of cationic methylene blue (MB) and
anionic indigo carmine (IC) dyes from aqueous media to suggest a new and cost-effective method for wastewater treatment applications. The
influences of initial pH values, concentrations of MB and IC, period of contact, dosages of the natural and modified plane sawdust, and the
presence of foreign ions on the adsorption of dyes were investigated in the experimental studies to describe the best conditions of the most efficient
adsorption processes. Initial pH values were optimized to be between 6.0-8.0 for MB and 2.0 for IC. Optimum contact time to reach the equilibrium
were determined as 120 and 240 min for the adsorption of MB onto NPS and MPS, respectively while IC adsorption onto both adsorbents reached
the equilibrium in 240 min. By using the Langmuir isotherm model maximum MB adsorption capacities of NPS and MPS were calculated as 55.56
and 38.46 mg/g, respectively and the maximum IC adsorption capacities were 58.82 and 55.55 mg/g for NPS and MPS, respectively. Results
showed that the natural and H2SOs-modified plane sawdust serve as low-cost and efficient materials in the adsorptive removal of MB and IC dyes

for industrial wastewater treatment applications.
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1. Introduction

The positive acceleration in technological development
and the rapid increase in the world population led to the
emergence of the problem of environmental pollution,
which threatens human life and nature. Industrial
dyestuffs, among the pollutants of organic origin, which
exist in the wastewater of most industries release to the
environment majorly from the textile, painting, leather,
food, plastic, coating, and paper industries [1,2].

The complex organic structures of dyes make it time-
consuming and difficult to remove them from industrial
wastewater. Various techniques such as coagulation [3],
flocculation [4], membrane filtration [5], photocatalytic
degradation [6] and adsorption [2] are used to remove
dyes from wastewater. Among these techniques,
adsorption is one of the most-effective and low-capital
investment-requiring methods. The adsorption method
is based on the principle that solid substances called
adsorbents retain the pollutants from the aqueous
solutions by chemical or physical bonding [7]. In recent
years, various adsorbents such as activated carbon,

natural minerals, graphene oxide, and metal-organic
frameworks used in dye removal are economically
valuable materials [8]. Activated carbon is a popular
adsorbent with a high adsorption capacity, used to
remove many organic and inorganic pollutants from
aqueous or gaseous media. However, the fact that
commercial activated carbon is quite expensive makes
the quest for low-cost adsorbents for the adsorption
processes. For this reason, wood sawdust, which is
cheap, effective, and modifiable in different ways to
increase its capacity, is considered an adsorbent
alternative to activated carbon. Such wastes are

lignocellulosic ~ materials containing three main
structural components: hemicellulose, cellulose, and
lignin. Sawdust attracts more interest from

environmentalists since these materials are eco-friendly,
abundant, accessible, cheap, and easily applicable in
wastewater treatment. Pine, oak, fir, and hornbeam
sawdust modified with cetyl trimethyl ammonium
bromide (CTAB) [9], orange wood sawdust modified by
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sodium hydroxide (NaOH) [10], sugarcane pulp
modified with formaldehyde [11], kail (Pinus wallichiana)
sawdust [12], camphor (Cinnamomum camphora) sawdust
[13], red pine sawdust [14], acacia sawdust [15], and
many other types of sawdust wasted by the forest and
agriculture industries that have no economic value, are
found in the literature examining the potential of
removing various dyes from aqueous solutions.

This study aimed to remove cationic methylene blue
(MB) and anionic indigo carmine (IC) dyes from aqueous
media through an adsorption process, using natural and
H2SOs-modified plane sawdust as adsorbent materials.
According to our literature research, although there are
many studies [3,16] on MB removal from water since it
is a widely used industrial dye and a model dye, there
are limited studies on IC removal, which is also widely
used. In the literature, there are studies in which
different types of H250s+-modified wastes are used for
pollutant removal. Mahmood-ul-Hassan et al have used
H2SOs-modified banana stalks, corn cob, and sunflower
achene for the adsorption of Cd(Il), Cr(Ill) and Pb(II)
ions [17]. Mohebali et al have modified celery residue
with H250s to use as a low-cost adsorbent for elimination
of MB from aqueous solution in batch adsorption
process [18]. Djama et al have treated Acorus calamus
firstly with H2SOs4 and then activated by KMnOs to
prepare an adsorbent for MB removal [19]. Zeydouni et
al have used H2SOs-modified Aloe vera leaf shells for the
removal of P-chlorophenol and MB from aqueous
environment [20]. On the other hand, H2SOs-modified
plane sawdust was used as an adsorbent for the first time
in the adsorption of MB and IC in the present study.
There are various modification agents to improve the
adsorptive specifications of an adsorbent in the
literature, yet H250: was preferred as a chemical agent
to modify the natural plane sawdust material due to the
advantages of being inexpensive and simply applicable
[21]. In order to obtain the optimum retention
conditions, the influences of significant experimental
parameters, including initial solution pH, initial dye and
adsorbent concentration, and contact time on the process
were evaluated. The adsorption isotherms were utilized
to calculate the MB and IC adsorption capacity of NPS
and MPS and to interpret the adsorption mechanism.

2. Materials and Method

2.1. Preparation of natural and modified adsorbents

Natural plane sawdust was ground without any
physical or chemical pretreatments and sifted to obtain
particles smaller than 150 um for the experiments. To
obtain H250s-modified plane sawdust, 20 g of plane
sawdust was stirred well with 20 mL of concentrated
H2SOs on a hot plate at 200°C for 24 hours, and then
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washed with distilled water to remove acidic residues.
After washing, the sample was soaked in aqueous
NaHCOs at 1% (w/v) concentration for 24 hours to
neutralize the acidic residues, then washed with distilled
water and dried in the oven at 105°C for 24 hours [21]
and ground and sifted to separate the particles smaller
than 150 pm for the experimental studies.

2.2. Chemicals and apparatus

Methylene blue (CisHisCINsS), indigo carmine
(C16HsN2Na20sS2), H2S0s, HNOs, NaOH, NaHCO:s,
Na2COs, and HCl were analytical grade chemicals used
in this study and purchased from Fluka (Buch,

Switzerland) and Merck (Darmstadt, Germany)
companies. Distilled water was used in all experimental
stages. = Perkin = Elmer 1600 FT-IR  model

spectrophotometer was utilized for the FTIR analysis of
the surface functional groups. Santen SE 125 model
furnace was used for moisture analysis. Perkin Elmer
Lambda 25 model UV-Vis spectrophotometer was used
to determine the concentration of dyes remaining in the
aqueous solutions. BOECO PSU-15i model mechanical
shaker was used for shaking the samples in the
adsorption stage. BOECO S-8 model centrifuge device
was used to separate the solid and liquid phases from
each other. Hanna pH-2221 model desktop digital pH
meter was used to adjust the initial pH of the dye
solutions. All samples were weighed by Sartorius
BP1106 model analytical balance and stirred by IKA RCT
Basic model magnetic stirrer.

2.3. Batch experiments
Adsorption experiments were utilized through the batch
method in polypropylene centrifuge tubes. The initial
pH of the MB and IC solutions was adjusted by diluted
HNO:s or NaOH solutions. Ten milliliters of MB or IC in
the concentration range between 50 and 1000 mg/L was
added to each sample of adsorbent (NPS or MPS)
weighed (0.01-0.20 g) in the centrifuge tubes, and the
samples were shaken on a mechanical shaker at 350 rpm
for various contact times ranging between 1-360 min.
After the adsorption process, the solid and liquid phases
were separated from each other in the stage of
centrifuging at 3500 rpm for 5 min, and the remaining
concentrations of dyes in the supernatant solutions were
measured by a UV-Vis spectrophotometer at 663 and 609
nm wavelengths for MB and IC, respectively. The
amounts of adsorbed MB or IC dyes onto 1 g of NPS or
MPS adsorbent (mg/g) and the percentage of adsorption
(%) were calculated by using Eq.1 and Eq.2, respectively.
(C,—CH)yxV
T @
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Adsorption (%) =

x 100 )

o

ge (mg/g) is the amount of adsorbed dye onto 1 g of
NPS or MPS, Co (mg/L) is the initial concentration of MB
or IC, Ce (mg/L) is the concentration of the unadsorbed
MB or IC at the equilibrium, V (L) is the volume of the
dye solution, and m (g) is the dry mass of the NPS or
MPS.

3. Results and Discussion

3.1. Characterization of NPS and MPS
Characterizations of NPS and MPS were evaluated by
FTIR, moisture content and pHpz analysis, and Boehm
titration method. Functional groups on the surface of
NPS and MPS were determined by FTIR analysis, as
represented in Fig. 1 (a) and (b), respectively. Most of the
functional groups on NPS were kept the same in the
modified adsorbent since the modification process was
utilized in low temperatures. The broad peak at 3396 cm-
1 can be attributed to -OH groups of phenolic, carboxylic,
and alcoholic groups in the samples. The peak in 1454
cm also corresponds to phenolic -OH groups. The
peaks at 2918, 2852 and 1372 cm™! are the aliphatic C-H
bonds. The peak at 1734 cm™! corresponds to the C=O
stretching of the carbonyl groups. The peak at 1051 cm-!
is a sign of the C—C bond, and the peaks between 1051—
1237 cm! point out the presence of S=O groups in the
structure. The peaks at 1646 and 1051 cm™ are the
stretching peaks of C=C and C-O bonds, and the peak at
892 cm! makes a sign to C-O-H groups [22-24].

The amounts of lactonic, phenolic, and carboxylic
groups on the surface of natural and modified plane
sawdust were determined by the Boehm titration
method [25].

(a) NPS
&
2 (b) MPS
g
E
173
E
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Wavenumber (cm™)

Figure 1. FTIR spectra of a) NPS and b) MPS
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Table 1. Some characterization parameters of the adsorbents

Parameters NPS MPS
pHpe 46 -
Moisture content (%) 6.87 10.93
Surface acidic groups (mmol/g)

Lactonic groups 1.23 214
Carboxylic groups 4.28 11.78
Phenolic groups 1.22 5.66
Total acidic groups (mmol/g) 6.73 19.58

Quantitative data of carboxylic, phenolic, and
lactonic groups showed that surfaces of the adsorbents
were rich in total acidic groups that increased by the
modification process, especially the number of
carboxylic groups increased the most (Table 1). As the
which
increases the adsorption capacity and plays a significant

temperature of the modification process,

role in the adsorptive removal of pollutants from
aqueous solutions, is limited in the range of 200-400°C,
high numbers of acidic oxides were obtained on the
surface of the activated adsorbent [26].

3.2. Effect of pH on the adsorption process

The effect of the initial pH of the dye solutions in contact
with each adsorbent was the first parameter studied for
the best selection of the appropriate adsorbate-adsorbent
systems since the initial pH directly affects the
adsorption efficiency. MB and IC concentrations were 50
mg/L in separate solutions. MB solutions with a natural
pH of 6.5 and adjusted pH values in the range of 2.0-8.0
and IC solutions with a natural pH and adjusted pH
values in the range of 1.0-8.0 were tested for the
optimization of the initial pH. Diluted HNOs and NaOH
were used to adjust the pH of dye solutions. The NPS or
MPS (5.0 g/L) was shaken with the dye solutions at
various initial pH values on the mechanical shaker for
240 min and centrifuged at 3500 rpm for 5 min to
separate the solid and the liquid phases. The
concentrations of the remaining dyes in the supernatants
were analyzed by the UV-Vis spectrophotometer.

As seen in Fig. 2 (a), the adsorption efficiency of the
adsorbents performed best in the pH range of 6.0-8.0 in
the adsorption of cationic MB dye. However, the
adsorption efficiency in the MB adsorption onto NPS
and MPS reached a value higher than 90% at pH 6.5
which corresponds to the natural (unadjusted) pH of the
MB solution. The adsorption efficiencies of the MPS
reached a value higher than 95% in the pH range of 2.0—
8.0, also pointing out that not the electrostatic attractions
only but also an ion-exchange-based mechanism may be
possible to explain the adsorption process. In the
adsorption of MB dye, natural adsorbent performed low
adsorption efficiency, which increased by the increase in
solution pH. On the other hand, the adsorption
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efficiency reached its maximum value at pH 2.0 in the
adsorption of IC dye, as seenin Fig. 2 (b). In the pH range
of 1.0-2.0, the efficiencies of IC adsorption onto NPS and
MPS are higher than 90%, yet the adsorption efficiencies
decreased immediately as the initial pH of dye solutions
increased.

The adsorption efficiencies are low in MB adsorption
and high in IC adsorption in acidic initial pH values
since the environments of the NPS and MPS are
surrounded by HsO* ions, and the functional groups of
the solid adsorbents electrically charged positively in the
acidic aqueous media. The electrostatic repulsion
between the H3O* ions and the cationic MB dye prevents
the approaching of the adsorbent and the adsorbate. As
the initial pH of the solution increases, the adsorption
efficiency increases due to decreasing competitive
adsorption behavior of H3O* ions and cationic MB dye
onto active sites. However, anionic IC dye approaches
the positively charged surface of the adsorbent due to
electrostatic attractions in low initial pH values. As the
initial pH of the solution increases, the adsorption
efficiency decreases due to the increased competitive
adsorption behavior of OH-ions and anionic IC dye onto
active sites [27,28].

The pHpz value was found to be 4.6 for NPS,
revealing that the number of acidic functional groups is
higher than the basic functional groups in its chemical
structure. Informative numerical data about the pHpz
value of an adsorbent is essential to optimize the initial
pH to reach the highest adsorption efficiency since the
net surface charge of the adsorbent is positive if pH <
PHpz and negative if pH > pHpzc [29]. The cationic dyes
are adsorbed better at pH values higher than pHpz, and
the anionic dyes are adsorbed better at lower pH values
than pHpz [30]. As a result, further experiments were
planned through the optimized initial pH values of 6.5
for MB and 2.0 for IC adsorption.

3.3. Effect of contact time on the retention of MB and IC
Optimization of the contact time was evaluated by
testing various periods of contact. Ten milliliters of MB
solution with a natural pH of 6.5 or IC solution with an
adjusted pH of 2.0 was added onto 5.0 g/L of NPS or
MPS, which were weighed in polypropylene centrifuge
tubes and processed for adsorption on the mechanical
shaker for various periods ranging between 1-360 min.
After shaking, the samples were centrifuged to separate
the solution and the adsorbent from each other. The
concentration of each dye remaining in the solution was
determined by UV-Vis Spectrophotometer and used to
calculate the amount of MB or IC dyes adsorbed onto
1 g of adsorbent (g:) for different contact times.
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Figure 3. Influences of contact time on a) MB and b) IC uptake onto
NPS and MPS
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In the adsorption of MB onto NPS and MPS, optimum
contact times to reach the equilibrium were determined
to be 120 and 240 min, respectively (Fig. 3 (a)), while the
process of IC adsorption onto NPS and MPS reached the
equilibrium in 240 min (Fig. 3 (b)). The amount of
adsorbed MB and IC onto all adsorbents became nearly
stable after reaching the equilibrium. The dye sorption
process occurs immediately in the first stages since the
active sites of NPS and MPS surfaces were available for
adsorption. The transportation of the dye molecules into
the internal surfaces of the pores through diffusion slows
down when the system becomes closer to equilibrium.
After reaching the equilibrium, the amounts of adsorbed
dye do not increase much according to the saturation of
the adsorptive sites [31]. As a result, the equilibration
time for both dyes was determined as 240 min in
subsequent studies to ensure that the equilibrium was
fully established.

3.4.Effect of initial dye concentration and isotherm
studies

The solutions of MB and IC at various initial
concentrations in the range of 50-1000 mg/L were added
onto 5.0 g/L of NPS and MPS adsorbents separately to
determine the effect of initial dye concentration on the
adsorption process. Then the mixtures were shaken on
the mechanical shaker at 350 rpm for 240 min to reach
the equilibrium. After centrifuging the samples, the
amount of unadsorbed MB or IC remaining in the
supernatant was analyzed by UV-Vis
spectrophotometer. The initial concentration of MB was
plotted against the adsorbed amounts (g.) and the
removal percentage (%) of MB onto NPS and MPS
(Fig. 4 (a,b), and the same parameters were plotted for
the data obtained in IC’s adsorption onto NPS and MPS
as demonstrated in Fig. 4 (cd). Increased initial
concentrations of the dye resulted in increased amounts
of MB or IC adsorbed per g of the adsorbent due to the
occurring concentration gradient that improves the
adsorption. On the other hand, the percentages of
adsorption decreased at high initial dye concentrations
because of the oversaturation of the active adsorption
sites of the sorbents’ surface [32].

The Langmuir, Freundlich, and Dubinin-
Radushkevich isotherm models were fitted to the
experimental data to get an idea of the surface structure
of NPS and MPS and to interpret the MB and IC
adsorption mechanism. According to the Langmuir
isotherm model, the adsorbent has a homogenous
surface consisting of a constant number of co-energized
active sites, and there are no interactions between the
adsorbate molecules [33]. Eq.3 and Eq.4 are the non-
linear and linear forms of the Langmuir isotherm model.

bC, 3)

9 =170,
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Figure 4. Effect of initial dye concentration on the adsorption of a) MB
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Ce_ C , 1

Qe qmax

ge (mg/g) is the adsorbed amount of adsorbate onto 1
g of adsorbent, gmax (mg/g) is the adsorption capacity, Ce
(mg/L) is the concentration of the remaining adsorbate in
the solution at the equilibrium, and b (L/mg) is a constant
related to the free energy. The slope and the intercept of
the Ce/ge vs. Ceplot are used to determine gmax and b.

Dimensionless Rc constant calculated by Eq.5 [34]
gives an idea about the favorability of the adsorption
process for an adsorbate-adsorbent pair.

R, = &

Co (mg/L) is the initial concentration of the adsorbate
in the solution, and b (L/mg) is the Langmuir constant.
There are four possible values of Rr which are evaluated
to four possible definitions as the adsorption process is,

i. Favorable in the experimental conditions if 0 <Rc <1,
ii. Irreversible if R. =0,

iii. Linearif RL=1, and

iv. Unfavorable if R > 1.

The adsorptive sites on the surface of the adsorbent
are accepted to be consisting of different types of sites
and regions settled heterogeneously and energized
variously in the Freundlich isotherm model as described
in Eq. 6 [35] and linearizes to Eq. 7 by evaluating through
the function of logarithms.

q. = Kr x ¢;"" (6)
hMJ=W&H%m@) 7)

ge (mg/g) is the amount of the adsorbed adsorbate
onto 1 g of adsorbent, Kr (mg/g) is the adsorption
capacity, Ce (mg/L) is the amount of unadsorbed
adsorbate remaining in the solution at the equilibrium,
and n is the density of adsorption. Krand n are the
constants obtained from the intercept and slope of the
plot of In(ge) vs. In(Ce), respectively. The heterogeneity
factor (n) ranging between 1 and 10 is a sign of the
favorability of the adsorption system [36].

Dubinin-Radushkevich (D-R) isotherm model (Eq. 8)
explains the adsorption onto similarly porous surface
structures [37], and this model reminds the Langmuir
model in this respect.
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n(qe) = In(gn) — Ke? -

ge (mol/g) is the adsorbed amount of the adsorbate
per g of adsorbent, gm (mol/g) is the monolayer
adsorption capacity, and K (mol?/kJ?) is the constant of
adsorption energy. ¢ is Polanyi potential which is
calculated by Eq. 9.

€ =RTIn(1 +1/C,) )

R (J/mol/K) is the gas constant, Ce (mol/L) is the
concentration of the unadsorbed adsorbate remaining in
the solution at the equilibrium, and T (K) is the
temperature. K and gn values are obtained from the slope
and intercept of the €2vs. In g. plot, respectively. K values
obtained by the D-R isotherm are evaluated in Eq. 10 to
calculate E (kJ/mol).

E =1/(=2K)'/? (10)

The average adsorption energy (E) gives information
about the chemical and physical specifications of the

adsorption. There are three possibilities about the value
of E evaluated as the adsorption occurs,

i. Physically if E < 8 k]J/mol,
ii. Through ion-exchange if 8 < E <16 k]/mol, and
iii. Chemically if E > 16 kJ/mol [38].

Experimental data was applied to Langmuir,
Freundlich, and D-R isotherm models to explain the
mechanisms of MB and IC adsorption onto NPS and
MPS. The non-linear equations of these three models
were evaluated to obtain the isotherm plots (Ce vs. ge) for
MB adsorption onto NPS and MPS (Fig.5 (a,b)) and IC
adsorption onto NPS and MPS (Fig.5 (c,d), respectively.

gmax and b are the Langmuir constants which were
determined by the slope and the intercept of the Ce vs.
Ce/ge plot, respectively, while # and Kr are the constants
of Freundlich isotherm, which were determined by the
slope and the intercept of the [n(Ce) vs. In(ge) plot. The
results of the calculations on the experimental data for
MB and IC adsorption onto NPS and MPS were
tabulated with the correlation coefficients (R?) in Table 2.

The R? values obtained by the application of the
Langmuir model were higher than those for the
Freundlich model for both dyes, indicating that the
active adsorption sites on the surfaces of NPS and MPS
were distributed homogeneously [39]. Maximum MB
adsorption capacities of NPS and MPS calculated as
55.56 and 38.46 mg/g by the Langmuir isotherm model,
respectively, were compared to other adsorption studies
in the literature.
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Table 2. Isotherm model parameters

Turk J Anal Chem, 5(1), 2023, 32-42

100
.. NPS-MB MPS-MB NPS-IC MPS-IC o QT -
Langmuir isothermmodel | T
g (Mg/g) 5556 3846 5882  55.55 80 1 “
b (L/mg) 0.020 0.016 0.021 0.029 o
R 0985 0990 0998  0.996 weo |
Freundlich isotherm model = |/ .
K (mg/g) 7.71 6.12 5.54 7.93 g
n 341 382 274 331 0P I
R? 0.983 0.936 0.959 0.968 .
D-R isotherm model 20 T e
gm (mg/g) 9.62 749 1194  10.60 T e
K (kJ2/mol2) -0.002  -0.002 -0.003  -0.002 v Dubinin-Radusbhevich
E (kJ/mol) 12.91 1291 1291 15.81 0 0 7(‘]0 400 660
R? 0.986 0.899 0.980 0.983 - C (mg/L)
e
On the other hand, the maximum IC adsorption
capacities were 58.82 and 55.55 mg/g for NPS and MPS 60 | b) T 0
adsorbents, yet there have not found enough studies P “
about the adsorption of IC in the literature to compare
with the results of this study. The adsorption capacities 40 | &
of NPS and MPS are higher than many adsorbents, b J L
which were expensive or not easily prepared, as seen in ? -
the table of comparison (Table 3) [29,40-49]. ‘é { I
As the maximum adsorption capacities of natural and 20 % —=- L:gm.m
H250s+-modified plane sawdust compared to each other, e Fromdich
NPS performed better than MPS in MB adsorption, while e Dubinin Rad ket
there was no meaningful difference between the natural 0 : : : :
and modified adsorbents in IC adsorption. Closer 0 200 400 600 800
adsorption capacities of natural and H:50s-modified
adsorbents in IC adsorption can be explained by the fact
that although the surface areas of the modified
adsorbents partially increased by the low-temperature .
modification process, the resulting sulfate salts may
have clogged the pores.
As seen in Table 2, the constants of the D-R isotherm % 40
model were determined by the evaluation of the slope &
& — @ — Experimental
Table 3. Comparison of the dye uptake capacities of the different 20 —® ~Langmuir
sorbents from literature —+— Freundlich
Adsorbent Adsorbate (IZ';’;;) Ref. r """ Dubinin-Radushkevich
Celery residue modified with H2SO: was MB 476.19 [18] 0 0 200 400 600 200
Acqms calamus treated with H2SOs and MB 1500 [19]
activated by KMnOs Ce(mg/L)
H2SOs-modified Aloe vera leaf shells MB 192.3 [20]
Microwave assisted sawdust MB 58.14 [29]
Canola residues MB 13.22  [40] 60
Carbon nanotubes MB 46.20 [41]
Titanium dioxide nanotube MB 57.14 [42]
Magnetic ZnO/ZnFe204 MB 37.27 [43]
Peanut hull MB 68.03 [44] % 40
ﬁ?{lj\i/?izedd bc;ligcz)sng 4'from sunflower oil cake MB 1643 [45] g
Tgrtaric acic.i modified wheat bran MB 25.18 [46] = , f/_ — @ — Experimental
Bocarderved fom cubyprussan st 004 iy 2
Orange peel MB 13.90 [48] 4 Freundlich
Banana peel MB 2080 481 K Dubinin-Radushkevich
Original beech sawdust MB 9.78 [49] 0 ‘ T ‘ T
CaCl: treated beech sawdust MB 13.02 [49] 0 200 400 600 800
Natural plane sawdust 2;11](3:1 Sasﬁ?i6 513(11531 C. (mg/L)
I\EI% ggzg . Figure 5. Adsorption isotherms of a) MB adsorption onto NPS a) MB
H:S0:-modified plane sawdust and and This adsorption onto NPS a) IC adsorption onto NPS a) IC adsorption onto
IC 5555 Study  Nps
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and the intercept of the €2 versus In g plot as the values
of K and gm, respectively. E is the mean energy of the
adsorption calculated from the value of K. E values were
in the range of 8-16 kJ/mol in all calculations suggesting
that ion-exchange mechanisms were also effective in the
adsorption of MB and IC onto NPS and MPS [38].

Rt values were calculated to figure out the suitability
of adsorption onto NPS and MPS and found to be in the
range of 0-1, while the initial concentrations of MB and
IC were between 50-1000 mg/L. As the initial dye
concentration of the dye increased, the R: values
decreased in the range of 0 < R. < 1, suggesting that the
processes in both dyes” adsorption onto the natural and
H250s-modified plane adsorbents were favorable in the
relevant experimental conditions. Additionally, n values
obtained by the Freundlich isotherm model were in the
1-10 range, supporting the idea that MB and IC
adsorption onto NPS and MPS were favorable.

3.5.Effect of adsorbent dosage on the adsorption
efficiency

The suspensions consisting of 0.01-0.20 g (1.0-20.0 g/L)
of NPS or MPS adsorbent and 200 mg/L MB or IC
solutions were processed for 240 min on the mechanical
shaker to investigate the effect of adsorbent dosage on
the adsorption After reaching the
equilibrium, the concentrations of unadsorbed MB and
IC remaining in the supernatants were determined by
using a UV-Vis spectrophotometer. The adsorbed
amounts (ge) and removal percentages (%) of MB onto
NPS and MPS were plotted against the amounts of NPS
and MPS in Fig. 6 (a,b), and the adsorbed amounts (ge)
and removal percentages (%) of IC dyes against the
amounts of NPS and MPS adsorbents were plotted as
represented in Fig. 6 (c,d), respectively.

efficiency.

Increasing the amounts of NPS and MPS increased
the unsaturated surfaces at the constant concentrations
of MB and IC and decreased the amounts of adsorbed
dye onto 1 gram of each adsorbent (gc) due to the
decreased surface area caused by a possible
aggregation. However, increasing the dosage of NPS
and MPS resulted in increased removal percentages
caused by the number of active sites becoming higher in
number [50].

3.6. Effect of foreign ions on the adsorption efficiency
Dye-contaminated wastewater sourced by textile
industries may include high amounts of foreign ions,
which cause ionic strength and decrease the adsorption
efficiency. NaCl and BaCl2 solutions in various
concentrations between 0.05-0.5 M were separately
added to 100 mg/L MB and IC solutions and processed
to investigate the effect of salts on the adsorption
efficiency.
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The presence of salts may result in two effects opposite
to each other. The first one is the prevention of the
electrostatic interactions between the dye molecules and
the active adsorption sites as the salt concentration
increases, which decreases the adsorbed amounts of dye.
This effect is observed in the adsorption of MB onto NPS
and MPS (Fig. 7 (a,b)). The presence of both salts (NaCl
and BaClz) in the solution prevents the attachment of MB
molecules onto the active adsorptive sites of the
adsorbent’s surface, and the adsorption -efficiency
decreases when the salt concentration increases [51]. The
other effect is an increase in the dissociation of dye
molecules caused by ionic strength. The amount of
adsorbed dye increases when the ionic strength increases
since the dissociated dye molecules become free to bind
onto the surface electrostatically, as observed in IC
adsorption onto NPS and MPS (Fig. 7 (c,d)). Increased
concentrations of NaCl and BaCl: caused increased
adsorption according to the increased dissociation
degree of IC [52].

4. Conclusion

In this study, the adsorption behaviors of natural and
H>SOs-modified sawdust of plane (Platanus orientalis L.)
were investigated for the adsorptive removal of
pollutant methylene blue and indigo carmine dyes from
aqueous media to suggest a new method for the
treatment of dye contaminated industrial wastewater.
Natural and H250s-modified adsorbents

characterized via FT-IR Spectroscopy, pHpz
moisture content analysis, and the Boehm titration
method. The optimum pH values at which the highest
adsorption efficiencies performed
determined as 6.0-8.0 range for cationic MB dye and 2.0
for anionic IC dye’s adsorption onto NPS and MPS. The
adsorption process reached the equilibrium in 240 min
in IC adsorption onto NPS and MPS. On the other hand,
the process reached equilibrium in 120 and 240 min in
MB adsorption onto NPS and MPS, respectively. Both
dyes were tested for all other parameters for 240 min of
contact time. The amounts of adsorbed MB and IC per
gram of any adsorbent decreased, and the percentage of
adsorption increased with the increasing initial
concentrations of both dyes. The adsorption of MB and
IC fit well with the Langmuir isotherm model,
suggesting that the surfaces of NPS and MPS consisted
of homogeneous active sites in nature. The Langmuir
maximum monolayer adsorption capacities of
NPS and MPS adsorbents were higher than many
expensive hardly  prepared
reported before. The information of decreasing R values
in the 0-1 range while the concentrations of MB and IC
dyes were increasing was supported by all the n values

were
and

were were

and adsorbents
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corresponding to the range of 1-10 obtained from the
Freundlich isotherm model, and these results indicated
that the adsorption of both dyes onto NPS and MPS were
favorable processes in this study. The adsorption
efficiency decreased in MB adsorption and increased in
IC adsorption due to the ionic strength in the presence of
foreign ions, which were introduced to the aqueous
media by NaCl and BaClz salts. Natural and H250:—
modified plane sawdust can be used as low-cost and
effective adsorbents for the adsorptive removal of MB
and IC.
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