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Abstract Keywords

In this study, the production of activated carbon from wheat bran was carried out )

using the chemical activation method. ZnCl, was used as the chemical agent in Activated carbon,
the chemical activation. The impregnation ratio was used as 2:1, and the igep red,
activation temperature was set to 500 °C. The activated carbon (WB-500) was sorption

used to remove the deep red dye substance from aqueous solutions. The outcome
of the adsorption studies revealed that the highest adsorption capacity was Time Scale of Article
attained when the adsorbent was exposed for 24 hours, maintained at a
temperature of 45°C, and a pH of 2.17. The adsorption process effectively o

removed 95.238 mg with 1 g WB-500. Adsorption study was determined to iiii'pvtzg ;017653?;”;(%5024
follow the pseudo-second-order kinetic model and Langmuir isotherm. Online date : 30 September 2024
According to the second order, the adsorption rate increased from 1.22.10* to

3.43.10* with the increase in temperature from 25 °C to 45 °C. According to

adsorption thermodynamics, adsorption is endothermic (AH®, 41.08 kj mol™) and

occurs physically and chemically forces. Activated carbon produced from wheat

bran can effectively remove the Deep red dye substance from wastewater.

1. INTRODUCTION

The dyes used in the textile industry's colouring fabrics, produced synthetically in different chemical
structures and compositions, can reach the environment with wastewater and, from there, to living things
[1]. The dyes used in the textile industry differ according to the type of fabric such as cotton dyes, dyes
used for denim fabrics, fluorescent-coloured dyes, dyes used to dye linen and leather. Deep red (DR)
(CAS:3564-22-5) belongs to the category of azo dyes, it is a synthetic organic compound that includes
one or more azo groups (—-N=N-).The structure of the DR is given in Figure 1. The presence of the azo
group also plays a crucial role in the dyeing process, as it allows the dye to form strong covalent bonds
with the substrate. The IUPAC name, Color Index (CI), molecular formula and molecular weight is
(42)-4-[(4-methyll-2-nitrophenyl)hydrozinlidin]-N-(3-nitrophenyl)-3-oxynaphthalene-2-carboxyamide
,12350, Cz4H17NsOg, 471.42 g/mol, respectively [2]. Around 10,000 different textile colours are
introduced to the market annually, and these dyes' wastewater is partially treated and discharged into
the receiving waters. Therefore, dyes cause toxic, mutagenic and carcinogenic effects on aquatic animals
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and humans. Textile products are the product group that has the most relationship with the human body
after foodstuffs. Paint residues and chemicals on our clothes penetrate our bodies through sweat and
respiration and affect our health at least as much as the chemicals in foodstuffs. According to some
studies, some of these chemicals cause allergies and carry a risk of cancer [3]. The limits of the amount
of paint that can be found in wastewater in Turkey are determined by environmental legislation. The
central legislations in Turkey include the Environmental Law [4], a regulation ensuring the prevention
of water pollution to protect the potential of the country's underground and surface water resources and
ensure their best use [5], the Wastewater Treatment Regulation and the Wastewater Discharge
Regulation. According to these regulations, the amount of paint found in wastewater is determined
depending on the type of paint and the area of use.

Single or hybrid processes are used to remove pollutants in water. There are various methods to purify
water, such as reverse osmosis. This method operates by removing large molecules like dissolved salts
and bacteria. Another method is lon Exchange, which attracts different water ions to a solid surface with
a charged structure. Beneficial ions are then released into the water [6,7]. Chemical precipitation is
another water purification method [8]. Ultrafiltration and nanofiltration are used to purify water [9,10].
Flocculation, which is the process of forming aggregates of particles, is another method [11]. These
methods have drawbacks, including high cost, maintenance, energy requirements, and management
difficulties.

Figure 1. Molecular strucrure of deep red

Process; the equipment can be set up easily, and the hybrid systems can be easily adjusted to integrate with
other treatment techniques. This method requires adsorbent material with a high affinity for contaminants.
Adsorption is a technigue known for its high effectiveness in removing pollutants from wastewater and
ease of use. This approach has been widely utilized and has consistently yielded successful results [12].
Additionally, the adsorbent material can be regenerated through an appropriate desorption process,
allowing it to be reused without losing its exceptional pollutant removal capabilities [13-15].

Activated carbon can retain various pollutants thanks to its porous structure with a surface area of 1800-
2000 m? per gram. Due to its structure, it can selectively act as a sieve with different pore sizes and keep
a wide variety of oxygenated functional groups bound on its surface. It can bind foreign substances on
its surface and remove them from water. However, researchers continue to focus on the search for cheap
raw materials to reduce production costs [16,17].

The consumption of naturally occurring biomass resources is a green method that has significant
implications in many areas when used to derive functional porous carbons that are considered
environmentally friendly, economical and sustainable [18]. Biomass is a renewable source of bio-
organic-inorganic energy produced by natural and human-induced processes. The benefits of using
biomass include easy processability, economic benefit and recyclability. The advantages of biomass
over other carbon precursors are that it is naturally abundant, renewable, environmentally friendly and
sustainable.
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Examples of commonly used biomass include coconut shells [19], palm kernel shells [20], lotus stones
[21], palm kernels [22], rise husk [23] leaves [24], sugarcane waste [25], rice husk [26], algae [27].
Renewable carbon sources such as glucose [28], chitin [29], chitosan [30], gelatin [31] and starch [32]
can also be used as biopolymers. The characteristics of a carbon-based material, such as pore sizes,
surface area, and grain size, can differ based on the raw biomass source. Additionally, the biomass
source used can impact the quantity and variety of active sites on the material's surface. These active
spots can capture a range of different types of molecules. The preparation of activated carbon from
biomass consists of two main steps; first, the biomass is treated with a chemical agent. It is then
carbonised in an oxygen-free environment and simultaneously improved by activating the
microstructural properties of the carbon [33]. In this study, wheat bran was chosen as the starting
material for synthesising the carbon-based adsorbent and the chemical activation method was used in
the production process.

2. EXPERIMENTAL
2.1. Chemicals

Wheat bran (WB) was utilized as a carbon source, and Zinc chloride (ZnCl,- reagent grade, >98%)
served as the chemical activation agent in the chemical activation of WB. Sodium chloride (NaCl- ACS
reagent, >99.0%) is employed in studies to determine the point of zero charge of active carbon.
Hydrochloric acid (HCI- ACS reagent, 37%) and sodium hydroxide (NaOH- pellets for analysis
EMSURE®) were employed to adjust the solutions to the desired pH.

2.2 Carbonisation Of Wheat Bran

In the synthesis of carbon-based adsorbents, chemicals are used to obtain a porous structure. Pre-
treatment is carried out by impregnating the raw material in various proportions. For this purpose, wheat
bran and ZnCl, were mixed. In a ratio of 2:1 by mass (ZnCl; g/raw material g), the chemical agent was
mixed under a back cooler in a heated magnetic stirrer at 80 °C for 6 hours with 20 g of wheat bran.
After the wheat bran absorbed the chemical, the filtration process was performed, and the soft and wet
sample with cake structure was taken into drying containers and dried at 85 °C for 24 hours. The sample
that had absorbed ZnCl, was then subjected to carbonisation. Remove some structures from the
impregnated sample in Carbolite brand TZF 12/75/700 tube furnace at 500 °C for 1 hour in nitrogen
atmosphere (100 cm® min flow rate), starting from the laboratory temperature. After the sample was
cooled, it was weighed and first washed in a 0.5 M hydrochloric acid (HCI), then filtered, and the sample,
which was brought into contact with hot water repeatedly, was purified from the excess ZnCl; contained
init. The prepared sample was named WB-500.

2.3. Studies Of Deep Red Adsorption With WB-500

In the adsorption studies, the Thermo Electron AquaMete brand UV-vis spectrophotometer (UV-vis)
device was used to determine the amount of deep red at 621 nm. A measure of the effectiveness of
adsorbents is the magnitude of adsorption per gram of porous material. This is expressed in g: (mg g)
and calculated using Eqg.1. The percentage expression of the amount of deep red removed from the
solution by adsorbing by the WB-500 was calculated by Eq.2.

(Co—C).V
=0 “trr" 1
de W ¢y
Co—C
Removal % = %. 100 (2)
0
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Co (mg L?) is the amount of deep red contained in 1 litre of water before treatment; C. (mg L?) is the
amount of deep red in 1 litre of water after treatment. The concentration of deep red in the water during
treatment is represented by C;(mg L™?); V is the volume of deep red solution used during treatment (L);
W is the mass (g) of WB-500 brought into contact with contaminated water.

2.4. Determination of the Effect of the pH Value of Deep Red Solution

The pHpzc value of the WB-500 sample was determined using the acid-base titration method. 0.1 g WB-
500 and 50 ml of 0.02 M NaCl solution were placed in the conical flask and solutions were prepared
with different pH values (pH;). After 24 hours of agitation, the final pH values of the solutions were
measured (pHr). The AH=pHs-pH; value was graphed and the pHpzc value was determined.

Necessary amounts of 0.1 M hydrochloric acid (HCI) or 0.1 M sodium hydroxide (NaOH) were added
to the solutions to adjust the pH value of the deep red solution before treatment. For each experiment,
0.1 g of WB-500, 50 mL, 100 mg L™ deep red solution were combined and placed in the flasks. The pH
values of the solutions were adjusted with a pH meter to 2.14, 3.12, 4.06 (original), 5.04, 5.92, 7.14,
8.03 and 9.12. For 0.1 g of WB-500 remove the deep red in the solution by adsorption, the flasks were
shaken in a water bath at 25°C for 24 hours.

2.5. Determination Of The Effect Of The Amount Of WB-500

For kinetics and isotherm studies, 50 mL of deep red water at 100 mg L™ was used to determine the
optimum amount of activated carbon. 0.025 g, 0.05 g, 0.1 g and 0.15 g WB-500 were contacted with
polluted water at 25 °C in a shaking water bath heated at both initial pH (4.06) and pH 2.14 for 24 hours.

2.6. Kinetics And Equilibrium Experiments

In kinetic and equilibrium studies, 0.15 g WB-500 was brought into contact with 50 mL of deep red
solution containing 100 mg L™ deep red at a pH of 2.14. During the treatment process, kinetic studies
were carried out at three different temperatures: 25, 35 and 45 °C. Non-adsorbed concentrations were
measured by UV-vis, taking samples at regular intervals.

Equilibrium studies were conducted with solution containing different amounts of deep red (100, 150,
200, 250, 300, 350, 400 and 450 mg L?). In equilibrium studies, the initial pH of the solutions was
adjusted to 2.14 and 0.15 g of WB-500 was used. The data obtained from equilibrium and kinetic studies
were applied to the kinetic and isotherm models to understand the nature and mechanism of adsorption.
All results were evaluated with an error of 5%. The results of the experiment were expressed in graphs
using values calculated with 5% error. (Yj=Yi£(Yi*0.05) where Yi is experimental results.) For the
result obtained experimentally, two values are derived, taking 1.05 times and 0.95 times the
experimental value. Using these two values, the error bar is plotted. This is done for each experimental
outcome.

3. RESULTS
3.1. pH Effect

Activated carbon is an amphoteric solid because of the positive and negative groups that form the
adsorption points attached to its surface. The zero point charge (pHezc) refers to the pH value where the
net loads on the inner and outer surfaces of the porous material are zero. When the pH is bigger than
pHezc, the activated carbon surface is negatively charged and suitable for adsorbing cations. When the
pH is smaller than pHezc, the surface is positively charged and suitable for adsorbing anions [34]. Figure
2 shows the pHezc graph of deep red.
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Figure 2. pHpzc graph (WB-500: 0.1 g, V: 50 mL, Co: 100 mg L™, T:25 °C, Time:24 h)

The value of the pHezc point is 5.9. The original pH of the deep red solution is about 4.06. In this case,
when the pH value of the deep red solution is not changed without using any chemicals, the pHezc value
is bigger than the pH value of the deep red solution. In water containing deep red, the surface of WB-
500 is positively charged and tends to adsorb anions. In most adsorption studies, pH has been found to
affect the adsorption process significantly [35]. Figure 3 shows the graph showing the effect of solution
pH.

As a result of the studies carried out with deep red solutions with different pH values, WB-500 adsorbed
94% of the deep red in the solution at pH 2.14. As the pH value rises towards 9, the removal seems to
decrease. This shows us that the adsorption capacity decreases at increasing pH values. It is observed
that the removal does not change much between pH 4-6. Deep red dyestuff is a reactive dyestuff. The
reactive end of the deep red dyestuff is negatively charged. Derici explained the high dark red removal
at low pH values by replacing the hydrogen ions on the surface of the porous material with anionic dye
molecules in the solution [36]. For this reason, the pH value was continued in the following studies by
setting it to about 2.0. Derici et al. conducted studies on the adsorption of the Deep red dyestuff of
activated carbon produced with kidney bean shells and reached the highest removal at pH 2 [36].
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Figure 3. The effect of pH on deep red adsorption on WB-500 (WB-500: 0.1 g, V: 50 mL, Co: 100 mg L, T:25 °C,
Time:24 h)
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3.2. Effect of The Amount of WB-500

The increased amount of adsorbent leads to increased adsorption as it provides more adsorption centres,
allowing more paint to be adsorbed to the surface [35]. In Figure 4, the % deep red adsorbed by different
amounts of WB-500 at pH 2.14 and 4.06 and the amount of deep red removed per unit adsorbent are
graphically expressed.
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Figure 4. Amount of adsorbed Deep red per unit adsorbent in equilibrium against varying amounts of adsorbent
and % amount of adsorption in equilibrium (V: 50 mL, Co: 100 mg L%, T:25 °C, Time:24 h)

During dark red adsorption at pH 2.14, 0.05 g of WB-500 removed 67.65% of the dark red in the
solution, while 0.15 g of WB-500 removed 96.33%.While the amount of WB-500 in contact with deep
red increased to 0.20 g, WB-500 adsorbed 97.27% of the deep red in the solution. A similar change was
observed at pH 4.06, and 0.15 g of WB-500 removed 86.76% of the deep red, and 0.20 g of WB-500
removed 91.05% of the deep red from the solution. As the amount of WB-500 in the solution increases,
the probability of the adsorption active sites coming into contact with the deep red molecules increases.
Thus, it is possible to remove more pollutants from the water. Using 0.15 g of WB-500 was appropriate in
kinetic and balance studies. A slight increase in removal was observed when WB-500 increased from 0.15
gto0 0.20 g at both pHs. In addition, since the increase in the amount of WB-500 is greater than the increase
in the amount of adsorbed deep red, the ge value decreases. This shows that the increased amount of
WB-500 will not be reflected in the amount of pollution removal from the water at the same rate.

3.3. Interaction Time

For this purpose, Figure 5 shows the change over time in the amount of deep red adsorbed by WB-500.
Additionally, Figure 6 shows the graph showing the removal (%) amounts of deep red according to
contact time. During the first 8 hours at all studied temperatures, deep red adsorption occurred rapidly,
and the amount of adsorption increased continuously. At the end of 8 hours, 78.28% of deep red at 25
°C, 81.86% at 35 °C and 88.76% at 45 °C were removed from the aqueous solution. Since active sites
of WB-500 in the solution were covered mainly with deep red molecules at the end of 8 hours, the
increase in the amount of deep red adhered to the surface slowed down as the contact time increased. At
all temperatures, adsorption reached equilibrium at 19 hours. After 19 hours, the active sites in the WB-
500 absorbed 93.33 % of the dark red at 45°C.
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Figure 5. ge (mg g*) values against contact time (WB-500: 0.15 g, V: 50 mL, Co: 100 mg L™, T: 25, 35 and 45
°C, pH: 2)
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Figure 6. Deep red removal (%) values against contact time (WB-500: 0.15 g, V: 50 mL, Co: 100 mg L%, T: 25,
35 and 45 °C, pH: 2)

The kinetic data obtained by using the amounts of dyes removed from the deep red property over time
to examine the adsorption mechanism were applied to the Pseudo-First-Order (Pse. Fst. Or.) (Eg. (3)
and Figure 7), Pseudo-Second-Order ((Pse. Sec. Or.)) (Eg. (4) and Figure 8) and Intra-Particle Diffusion

kinetic models (Eq. (5) and Figure 9.). Table 1 gives the kinetic model parameters of deep red
adsorption.

. kqt
The pseudo-first-order : 10g(qe — q¢) = 10g Qe — — (3)
= 2.303
. t 1 t

The pseudo-second-order: ~ = +— 4)
qt kzqg,z e,

Intra-particle diffusion model
qr = kit®S + ¢ 5)
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Where ge1 and ge2 are the maximum magnitude of the amount of adsorption per gram of WB-500 based
on the pseudo-first-order kinetic model and pseudo-second-order kinetic model, respectively. ki is the
first-order rate constant in units of min™ and k; is the intraparticle diffusion constant in units of mg g*
min%3, C is proportional to the boundary layer thickness, and k is the pseudo-second-order rate constant
in units of g mg* min"[37, 38].

log (qe-qt)

1200 1400
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Figure 7. The PFO kinetic model of deep red adsorption.
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Figure 8. PSO kinetic model of deep red adsorption.
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Figure 9. Intra-particle diffusion model of deep red adsorption.
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Table 1. Kinetic model parameters of deep red adsorption.

First-order kinetic model

25°C 35°C 45 °C
Qe2(mg g?) 22.53 23.64 20.33
ki (min') 2.53.103 3.45.10°3 4.14.10°3
R? 0.95 0.94 0.96
Second-order kinetic model

25 °C 35°C 45 °C
Qe2 (Mg g) 34.96 34.60 33.44
k2 (g mg*t.min) 1.22.10* 1.77.10* 3.43.10*
R? 0.97 0.99 0.99
Intra-particle diffusion model

25°C 35°C 45 °C
kia (mg g* min%%) 0.96 0.77 0.52
C 5.21 10.66 17.39
R? 0.98 0.93 0.85

They were comparing the Pse. Sec. Or. kinetic and Pse. Ft. Or. kinetic models, the Pse. Sec. Or. kinetic
model better represents the kinetic data based on the time that WB-500 removes deep red by adsorption
in all three temperatures. The rate constants of the Pse. Sec. Or. kinetic model shows that the reaction
occurs slowly and that the adsorption rate increases with the increase in temperature. The experimental
value of geis 30.12 mgg™.

The shape of the graph of the intraparticle diffusion model can give information about the adsorption
mechanism. Suppose the deep red molecules attached to the WB-500 surface reach the pores or the
surface by film diffusion due to the water covering the WB-500 surface. In that case, the graph consists
of 3 parts, and the graph does not pass through the origin and has a C value. The graph's second part is
formed if the deep red molecules reach the adsorption points by intraparticle diffusion and advance in
the activated carbon's pores. The third part of the graph represents the adsorption step. [39]. The intra-
particle diffusion pattern appears to occur in three phases. This shows us that the adsorption process
takes place gradually. The kig value is decreased from 0.96 mg g™* min®® t0 0.52 mg g* min®®. As the
temperature increased, the effect of film diffusion on adsorption increased, while the effect of intra-
particle diffusion decreased. The temperature increase increased the C value from 5.21 to 17.39. This
shows us that the temperature increase causes the film layer thickness, where film diffusion occurs, to
increase.

3.4. Equilibrium Experiments

How molecules or ions interact with the solid surface can be explained by adsorption isotherms that
provide information about the equilibrium states of an adsorption system. The main objective in
expressing the data obtained during the adsorption process of the dye molecules of different initial
concentrations with isotherms is to show the equilibrium conditions of the porous material and porous
material relationship and to reveal the deposition mechanism of the substances on the surface [40].
Equilibrium data of the adsorption of deep red were obtained by performing experiments in deep red
solutions at 3 different temperatures and different initial concentrations, and the data are presented in
Figure 10. The conformity of the obtained data to four different isotherms was examined. Linear forms
of isotherms are given in Eq. (6-9). The Langmuir isotherm model describes adsorbed molecules on a
homogeneous surface containing adsorption points with similar attractive forces and in which the
molecules are adsorbed in a single layer. At the same time, according to the Langmuir model, all active
sites are considered to have the same energy and equal interest in the molecules to be adsorbed. The

398



Demiral et al. / Estuscience — Se , 25 [3] — 2024

isotherm plots and constants of deep red adsorption are given in Figure 11 and Table 2, respectively.

[35,41].

Langmuir

Freundlich

Temkin

Dubinin—Radushkevich (D-R)
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qc: Langmuir adsorption capacity of the WB-500 (mg g2)
KL: Langmuir adsorption constant (dm3 mg?)

Kr and n are Freundlich constants
br: Temkin constant (j mol?)
K+: The equilibrium binding constant (L g

gm: Theoretical monolayer saturation capacity (mg g2)
&, The Polanyi potential, e = RTIn(1 — 1/C,

T: Temperature (K)

R: The universal gas constant (8,314 J molK™)

B: Dubinin—-Radushkevich constant (mol? J2)

e E: The average free energy of adsorption (kJ mol?), E =

1
(2B)1/?

[

45°C

200 250

Figure 10. The effect of temperature on deep red adsorption. (WB-500: 0.15 g, V: 50 mL, T: 25, 35 and 45 °C,

Time: 24 h, pH: 2)

There is a relationship of ge (45 °C) > ge (35 °C) > ge (25 °C) between the qe values obtained in all
studies performed in deep red solutions with different initial concentrations. The temperature increase
positively affected the adsorption capacity of WB-500 under equilibrium conditions. The adsorption

nature of deep red is thermodynamically endothermic.
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Figure 11. Isotherm models’ graphs Langmuir (a), Freundlich (b), Temkin (c) and The Dubinin— Radushkevich
(D-R) (d)

When the isotherm graphs drawn using data obtained from studies conducted at different temperatures
were compared, the experimental data in the Freundlich model deviated from the model line. Due to the
homogeneity of WB-500 produced from wheat bran, the adsorbing behaviour of deep red is suitable for
the Langmuir type. The 1/n values are close to zero, and the surface of the activated carbon is
homogeneous.

Deep red's maximum monolayer adsorption capacities were calculated according to the Langmuir model
in Table 2. The q. values for 25, 35 and 45 °C are 87.71, 93.45 and 95.23 mg g™, respectively. As can
be seen, the Langmuir adsorption capacities increased as the temperature increased. The Temkin model
is the adsorption isotherm, which considers the interactions between adsorbed substances. The Temkin
equation states that as the adsorbed molecules adhere to the surface of the porous material, the active
adsorption points decrease, and a linear decrease in the adsorption energy occurs [42]. According to the
Temkin isotherm equation, the heat of adsorption at 25 °C is obtained as 162.12 j mol?, while for 45
°C, it is obtained as 156.7 j mol* As the temperature increased, the amount of coating of the adsorbed
increased, and therefore the adsorption heat decreased.

The Dubinin—Radushkevich model is more general than the Langmuir model. The Dubinin-
Radushkevich model does not assume that adsorption occurs on a homogeneous surface. The E value
explains whether the adsorption mechanism occurs by the ion exchange mechanism or by the effect of
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van der Waals forces [39]. According to the D-R model, one mole of deep red is adsorbed to the active
points of WB-500 at 25, 35 and 45 °C with an adsorption energy of 7.07, 8.45 and 4.08 kj, respectively.
Since these values are close to 8 kj and less than 8 kj, the deep red molecules may have been held onto
the surface by van der Waals forces.

Table 2. Isotherm model parameters of deep red adsorption.

Langmuir Isotherm model

qe (mg g™t Ke (L mg?) R?
25°C 87.71 0.025 0.97
35°C 93.45 0.043 0.99
45 °C 95.23 0.072 0.99
Freundlich Isotherm model

1/n Ks R?
25°C 0.30 3.23 0.98
35°C 0.33 3.34 0.97
45 °C 0.29 3.77 0.92
Temkin Isotherm model

br Ky R?
25°C 162.12 0.54 0.94
35°C 143.2 0.61 0.98
45 °C 156.7 1.23 0.97
The Dubinin—Radushkevich (D-R) Isotherm model

E (kj mol?) gm (Mg g) R
25°C 7.07 81.19 0.89
35°C 8.45 89.85 0.98
45 °C 4.08 153.74 0.96

3.5. Adsorption Thermodynamics

Gibbs free energy (EQ.10), entropy and enthalpy parameters were examined to examine the
thermodynamics of studies with deep red adsorption. Using the K. values obtained from the Langmuir
equation, the InK_ values against 1/T were graphed and given in Figure 12 The thermodynamic values
of AH® and AS° were calculated by Eq. 11.

AG °=—RTInK, (10)
AG° = AH® — TAS° (11)

The free energy change (AG°) in the adsorption of dark red was calculated to be approximately -23.28,
-25.43 and -27.59 kj mol? at 25, 35 and 45 °C. Generally, the change of free energy for physisorption
is between -20 and 0 kJ mol?, the physisorption together with chemisorption is at the range of -20 to -
80 kJ mol* and chemisorption is at a range of -80 to -400 kJ mol* [43]. According to the free energy
exchange results, the adsorption process occurred under the influence of physical and chemical forces
[44]. AH® value of 41.08 kj mol™ indicates the system must receive heat for adsorption. The AS° value
was calculated as 215.86 j mol? K*, and the positive value of entropy indicates an increase in
randomness and irregularity at the solid/solution interface. This indicates that adsorption occurs with
increased entropy [45,46].
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Figure 12. 1/T versus InK_ exchange of deep red adsorption.

4. CONCLUSIONS

In this study, wheat bran was recycled, and activated carbon production with economic value was
realised. The deep red adsorption capacity of the activated carbon produced was determined. The nature
of adsorption was determined by performing kinetic and equilibrium studies. Deep red's maximum
monolayer adsorption capacities were calculated according to the Langmuir model as are 87.71, 93.45
and 95.23 mg g* for 25, 35 and 45 °C, respectively. Based on the Temkin isotherm, as temperature
increased, the quantity of adsorbed coating rose, leading to a decrease in the heat of adsorption 162.12
j mol™ to 156.7 j mol™. According to the results of the kinetic study, deep red adsorption on WB-500
increased from 1.22.10* to 3.43.10* g mg™.min* as the temperature dropped from 25 °C to 45 °C. The
adsorption process takes place gradually according to the intra-particle diffusion modal. The kiq value is
decreased from 0.96 mg g* min®°to 0.52 mg g* min®°. The Langmuir model has a better correlation
coefficient than other mathematical models at all temperatures examined in the current study. The
resulting single-layer adsorption capacity value was obtained at 95.23 mg g* 45 °C. In conclusion, the
results show that activated carbon produced from wheat bran can be effectively applied to remove deep
red from wastewater.
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