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ABSTRACT

Adsorption of Eriochrome Black T (EBT) dye from aqueous solution by activated typha
grass (T. latifolia) was studied using batch system. The adsorbent was characterized by
Fourier transform infrared spectroscopy (FTIR), Scanning Electron Microscopy (SEM)
methods, as well as the point of zero charge (PZC). Adsorption parameters including
effect of contact time, adsorbent dose, initial dye concentration and pH were studied and
the adsorption capacity (q.) was found to be 47.619mg/g. The adsorption isotherm for
the adsorption processes were also modelled and evaluated and the data fitted
Freundlich isotherm model with R’ of 0.9943 relative to other models tested. The kinetic
data were best described by pseudo-second order model with R’ values of 0.999 and rate
constant (k) of 6.30mol*dnr’s™ out of the four models tested. The thermodynamic
quantities of the adsorption process including the entropy change (AS) which describe
the degree of disorderliness of the dye-adsorbent interphase was found to be 2.108Jmol
1k indicating an increase in the interphase disorderliness, the enthalpy change (AH)
describing the nature of energetic interaction between the dye molecules and the
adsorbent surface has a value of -9.223kJmol* proving an exothermic process and the
Gibbs free energy change (AG) of the range -8.563 to -8.718kJmol* were obtained
indicating the process to be feasible and spontaneous in nature. Hence, the activated
carbon produced from typha grass can be a potential adsorbent for the removal of
hazardous dyes such as Eriochrome Black T from industrial effluent.

Keywords: Adsorption, Kinetics, Thermodynamics, Equilibrium, Isotherms, Eriochrome
Black T, T. Latifolia.

INTRODUCTION Dye removal is an essential research subject to
The rate of our industrial development and its  alleviate environmental pollution and its effects
subsequent discharges to the environment has by reducing its impacts on ecosystems. There
caused severe disturbing problems resulting in  are many techniques which have been studied
different levels of pollution. Water pollution in  and applied to remove dyes from wastewater
particular, is the major pollution source including physical, chemical and biological
constituting industrial release comprising of = methods (Zarrini et al., 2017).

dyes, heavy metals, pharmaceutical effluents, Ion exchange, coagulation, biodegradation and
and several other organic contaminants. These precipitation are  wastewater  treatment
pollutants are mostly non-biodegradable and  techniques used to minimize dye molecules
responsible for genetic and physiologic problems  contamination. Some of these methods are
in living organisms even at minute known to offer advantages and limitations for
concentrations (Fu and Wang, 2011). However,  dye removal from wastewater. The adsorption
in the last few years, dye wastewater has  process is an effective technique to remove toxic
become a major challenge for clean water  pollutants including dye molecules from
reservoirs due to its deleterious effects on water  wastewater due to its ease of disposal, simple
ecosystem. Dyes in wastewater are known to be  operation, cost effectiveness, high removal
responsible for unpleasant odour, carcinogenic  efficiency and flexibility in terms of the
and prevent sunlight transmission into fresh properties of adsorbent used as separation
water, thus decreases photosynthesis and medium (Astuti et a/, 2019; Wang et a/., 2020).
distorting the food chain in aquatic systems

(Wang et al., 2018).
os
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Base activated typha grass was prepared in this
research work primarily for the removal of
Eriochrome Black T (EBT) dye which is a low-
cost and environmentally friendly adsorbent
(zhang et al, 2016). The adsorbent was
selected to investigate its adsorption capacity for
EBT dye present in aqueous solution, due to its
availability, low cost and environmental
consideration (Taufiq et al, 2018). The effects
of various parameters such as contact time,
adsorbent dose, initial concentration, pH and
temperature on the adsorption efficiency of EBT
were studied using the batch technique. The
kinetics of EBT adsorption onto activated typha
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grass was evaluated by pseudo first order,
pseudo second order, Elovich and Intraparticle
diffusion kinetic models. Experimental
equilibrium data were fitted to the Langmuir,
Freundlich, Temkin and Dubinin Radushkevich
isotherm equations to propose the mechanism
for the adsorption process. This work is
therefore aimed at establishing the potentials of
a base treated typha grass as an adsorbent for
the removal of EBT dye from synthetic
wastewater through adsorptive, kinetic and
thermodynamic parameters evaluation
processes.
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Figure 1. Chemical Structure of Eriochrome Black T

MATERIALS AND METHODS

Chemicals and Reagents

All chemical and reagents used in this study
were obtained from Sigma-Aldrich Ltd., London
which include Hydrochloric acid, Sodium
hydroxide, while Eriochrome Black T Dye was
obtained from Merck Chemicals. Ltd., Mumbai,
India. All solutions were prepared using distilled
water, and the chemicals were used without any
further treatment.

EBT Dye Solution Preparation

The stock solution Eriochrome Black T was
prepared by dissolving 1g of the dye into a 1L to
produce 1000 mg/L using distilled water. The
experimental solutions was later diluted to the
required concentration for subsequent uses. The
stock concentrations of 10 to 120 mg/L were
prepared and used. Eriochrome Black T is toxic,
non-biodegradable and water-soluble dye with
following properties: molecular  formula
(CyH12N30,SNa) and molecular weight
(461.381g/mol) respectively. The concentration
of the un-adsorbed EBT dye was measured at
Amax 524.44nm nm using UV-Visible
Spectrometer (Perkin Elmer, Lambda 35).
Adsorbent Collection and Preparation

The typha grass was obtained from Marma
town, Guri local government area of Jigawa
State, Nigeria. The typha grass sample was
initially washed with tap water then distilled
water to remove the impurities (Nwosu et al.,
2017). The sample was air-dried then oven dried
at 105°C. The dried sample was pulverized and

passed through a 2mm sieve. The sieved sample
was activated with 0.5M NaOH in a ratio of 1:20
for 30 minutes as reported by Pandey et al
(2018).

Adsorbent Characterization

Activated typha grass was characterized by
different modern techniques such as FT-IR and
SEM. The FT-IR was employed for analysing the
functional groups present and was scanned in
the range of 650 — 4000 cm™ with a scan rate at
8cm™ resolution. The investigation was carried
out using Cary 630 Fourier Transform Infrared
Spectrophotometer  Agilent Technology. A
scanning electron microscope (SEM) was
employed to study the surface morphology
surface of the adsorbent by a Phenom World
Eindhoven microscope. An electron beam of
energy of 20 kV was hired for the surface
examination. Point of zero charge was also
investigated to find pH at which the surface of
the adsorbent is zero using salt addition method
as reported by Bakatula (2018).

Adsorption studies

The activated typha grass (ATG) was employed
for the adsorption of Eriochrome Black T (EBT)
dye from aqueous solution. For establishing
maximum adsorption capacity, the effect of
various experimental factors such as contact
time, temperature, adsorbent dose and initial
dye concentration were studied and optimized.
In a typical adsorption process, 0.02g of ATG
was added to 20cm? of 50 mg/L dye solutions.
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The solutions were then placed in a vacuum
mechanical shaker with rpm 150 + 4 for
60minutes at 298 K. After the time interval the
dye solutions were centrifuged and then
analyzed using UV-Vis spectrophotometer at
524.44nm for un-adsorbed EBT dye. The extent
of adsorption of EBT dye by ATG adsorbent at
various time intervals was calculated using
equation 1 as reported by Ayuba and Idoko

(2021).
Adsorption Capacity (qe) =

(Co—Ce)xV
m

(1)
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Where ge is the adsorption capacity (mg/g), Co
and Ce are the initial and final equilibrium
concentration (mg/l) of EBT in solution, V is the
volume of EBT solution (L), and m is the mass
(g) of the adsorbent.

RESULTS AND DISCUSSION

The analysis of the functional groups present on
the activated typha grass (ATG) before and after
EBT dye adsorption was investigated using FTIR
instrumental technique and the results are
presented in Figure 2 and Table 1 respectively.
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Figure 2. FTIR spectrum of ATG (a) before and (b) after adsorption of EBT dye

Tablel: Different functional group recognized before and after adsorption of EBT onto ATG

Functional Absorption range Before After absorption Difference (cm’
Group (cm™) absorption onto EBT (cm™) 1)
(cm™)

OH stretch 3700-2500 3320 3335 15

C-H stretch 3000-2840 2914 2895 19

C=0 stretch 1710-1580 1600 1612 12

C=C stretch 1675-1550 1510 1510 0

C-O stretch 1080-1300 1104 1104 0

The FTIR spectrum of ATG with loaded EBT dye
is shown in Fig. 2. The characteristic O-H, C-H,
C=0, C=C and C-O absorption bands were
observed at 3320, 2914 1600, 1510 and 1104
cm? in ATG before adsorption respectively
(Chen et al., 2005; Bajpai et al., 2016). A broad
band from 3700 to 2500 cm™ corresponds to the
stretching vibration of hydroxyl group. The peak
at 2895 cm' mark the presence of C-H
stretching group. Added, the peaks at 1612 cm’
1 1510 cm’, and 1104 cm™ corresponds to the
C=0 stretching, bridge C=C stretching, and C-O
stretching, respectively (Arof et al, 2010).
Therefore, the presence of characteristic peaks
of carbonyl and hydroxyl groups confirms the
presence of desired functional units in the
activated typha grass. The hydroxyl, carboxyl
and carboxylic acid functional groups are vital

97

adsorption sites present in this adsorbent (Itodo
etal, 2011).

Scanning Electron Microscopy (SEM) was used to
investigate the morphology of ATG and ATG
loaded EBT. Fig. 3 shows the morphological
changes of ATG. Blistered bunches and vague
irregular porous shapes were formed. The
smooth surface of the ATG after adsorption onto
EBT became uneven permeable structures and
various sized particles, thus increased the
adsorption of EBT. The modification can be
responsible for an increased surface area of
ATG, but after adsorption the surface area has
decreased (Dash et al, 2016). Moreover, the
structure and size of the ATG adsorbent loaded
by EBT indicate considerable change. However,
the surface is slightly rough, and organic matter
like substances can be observed to stick to the
particle surface, which was due to the growth of
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adsorbed dyes on the surface of ATG. At the force and hydrogen bond force between dye
same time, it was found that the tendency of = molecules adsorbed on different particle
adhesion and aggregation between particles  surfaces, resulting in the enhanced interaction
increases, which was due to the Van der Waals  between particles (Hussain et al., 2022).

(@ (b)
Figure 3. SEM Micrograph of ATG (a) before and (b) after adsorption of EBT
The points of zero charge PZC for ATG in the acidic medium the region among the
adsorbent is presented in Figure 4. At the PZC  equilibrated ions in an aqueous solution.
there is no surface charge to be neutralized by =~ Moreover, substrates with low PZC values show
ions at the surface of ATG, and any adsorbed the highest tendency to treat effluents
ions that exist must be bound in surface  contaminated with cations, while substrates with
complexes. The PZC of ATG studied is as  high PZC values would be more appropriate to
presented in figure 4to be around 7, which  capture anions (Nasiruddin and Anila, 2007).
indicate the presence of perfect charge balance

pH
Figure 4. Point of zero charge of ATG

Optimization of Adsorption Parameters effect is due to vacant surface sites are not easy
The influence of contact time on the adsorption to be occupied due to repulsive forces.
rate was studied. It was calculated at various  Therefore, further batch experiments were
time intervals between 5 and 120 min of contact  carried out at 60 minute optimal contact time
between ATG and EBT molecules and the results  (Ayuba and Thomas, 2020). The impact of using
are presented in Figure 5a. The adsorption of  varying amounts of adsorbents dose (0.02-1.2g)
EBT was fast in the first 20- 60 minutes and  was also evaluated and presented in Figure 5b.
dropped after 60 minutes, the rate became  The decrease in adsorption per unit mass with
constant due to equilibrium attainment between  increasing adsorbent dose is attributed to
the adsorbed EBT molecules to that remained in probable overlapping of adsorption sites as
the solution (Hussain et al/, 2022). The initial  adsorbent dose increases which will equally
fast phase may also be due to the increased reduce the effective adsorption sites. Similar
number of vacant sites available at the initial  trend was reported by Abdus-Salam and Adekola
stage whereas after 60 minutes, decreasing the  (2018).
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Figure 5. Effect of (a) contact time (b) adsorbent dose of the EBT adsorption onto ATG

Figure 6a and b shows the effect of initial
concentration and solution pH on the adsorption
of EBT dye onto ATG. However, the effect of
EBT concentration was studied at three different
temperatures, 298, 308, and 318 K. In addition,
it was detected that the amount of EBT molecule
adsorbed per gram of the ATG increased with
increasing concentration of EBT at low
concentration, the available driving force for
transfer of EBT molecule onto the adsorbent
particles is low, while at high concentration,
there is a corresponding increase in the driving
force, thereby enhancing the interaction
between the EBT molecule in the aqueous phase
and the active sites of the adsorbent (Nwosu et
al,, 2017). Furthermore, the influence of pH on
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EBT removal are calculated by changing initial
pH of solution from 2 to 10. The solution pH is
one of the key parameters that control the
adsorption process. It controls the electrostatic
interactions between the adsorbent and the
adsorbate. As can be seen from Figure 6b the
EBT removal was somewhat evidently
dependent on pH with the better adsorption
arising under neutral conditions (pH 7) and
decreased with increase in solution pH. The
higher adsorption was observed at pH 7 by ATG
adsorbent. This means the adsorbed amount of
EBT decrease as pH increased from 4 to 10 due
to electrostatic repulsion between adsorbent and
negatively charged species in solution (Ozacar,
2006; Vigneshwaram et al., 2021).
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Figure 6. Effect of (a) initial concentration (b) pH of EBT adsorption onto ATG

Isotherms Studies

Isotherm studies are quite essential in
understanding the mechanism of undertaken
adsorption data (Kamau and Kamau, 2017). In
this current study, four adsorption isotherms;
Langmuir, Freundlich, Temkin and D-R models
were applied and evaluated at three different
temperatures 298, 308, and 318 K with varying

99

concentrations between 10 and 120 ppm.
Results of the analysed isotherm data were
evaluated and the applicability of each model
was ascertained by relatively comparing the
correlation coefficient (R?) of their linear fit.
Linear equations of the four models are
presented in equations (3 - 6) respectively
(Dada et al., 2012):
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1 1 1
— =4

de Qo QoKLcel
logQ, = logK; + ;logCe Freundlich

qe = BrlnC. + BrlnKr
Inqge = Ingm — ,[)’82

Langmuir

Temkin

Where Ce represents the equilibrium dye
concentration (mg/L); ge and Q, represents the
equilibrium and maximum adsorption capacity
(mg/9); K., Kg Krand g denotes the Langmuir,
Freundlich, Temkin and D-R constants,
respectively, while n denotes the adsorption
intensity. Comparison of the linear fit of the four
isotherm models showed that Freundlich
isotherm model with R?> = 0.9943 relatively show
a better fit when compared to others. This
shows that Freundlich isotherms best explaining
the adsorption process mechanism as compared
to Langmuir, Temkin and D- R models (Zhou et
al., 2018). Based on the underlying principles of
Freundlich isotherm which this process is
obeying, it can be demonstrated that the
adsorption of EBT dye onto the studied
adsorbent is controlled by physical adsorption
process and the surface of the adsorbent is
characterized with heterogeneous adsorption

(3)

C))
(5)

Dubining Radushkevich (D-R)  (6)

sites. Values of isotherm constants and
parameters are presented in table 2 and Figure
7 respectively.

However, from Table 2 the value of rate
constant, K, identifies the extent of interactions
between the adsorbent surface and adsorbate
molecules. In the case of the Freundlich model,
the value of 1/n obtained is below 1 indicating
the favourable adsorption condition (Ahmed et
al., 2021).

Kinetic Studies

The kinetic models tested for this studies to
determine the adsorption rate of EBT dye from
aqueous solution onto ATG. In particular, an EBT
solution of 50 mg/L was prepared and mixed
with 0.02g adsorbent. Samples were taken out
at various time intervals between 10 and 120
min.

Table 2. Adsorption Isotherm constants for the adsorption of EBT onto ATG

Parameter Eriochrome Black T
Langmuir
Qo(mg/9) 1250
K. (L/mg) 0.017316
R, 0.535962
R? 0.9404
Freundlich
1/n 0.9077
N 1.101686
Kr 0.890012
R? 0.9943
Temkin
Ar 0.54442
B 67.0430
B 37.575
R? 0.9268
Dubinin-Radushkevich
dm(Mg/g) 79.814
Kgr(mol?*/K3%) 3.0x107
E(KJ/mol) 0.129
R? 0.8994

100
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Figure 7. Adsorption Isotherms of (a) Langmuir (b) Freundlich (c) Temkin (d) D-R of ATG-loaded EBT.

Four kinetics models; pseudo-first order and
pseudo-second order, Elovich and Intraparticle
diffusion were used for the evaluation of kinetic

K1

data. Equations representing the mentioned
models are presented as reported by Ayuba et
al. (2020).

log(q. — q;) = log(q.) — 303t (Pseudo — First order) ™
t 1 1 '

—= +—(t) (Pseudo — Second order) 8
a K42 q. ®
4 = 1/3 In(af) + (1/ﬁ) Int (Elovich) )
qr = C + Kipet'2 (Intraparticle Diffusion) (10)

Where K;, K, and K represents the pseudo-
first order, pseudo-second order, Elovich and
Intraparticle diffusion rate constant, ge and qt
represents the adsorption amount at equilibrium
and at time t (mg/g).

Figure 8 presents the kinetic results undertaken
for the study of adsorption of EBT onto ATG and
the values of rate constants and ge as obtained
from pseudo-first and pseudo-second order,
Elovich and Intraparticle diffusion are presented
in Table 3.

Table 3. Kinetic parameters for the adsorption of EBT onto ATG

Kinetic Models Parameters
Pseudo-first order geca(mg/q) gee(Ma/q) k;(min™) R’
47.799 0.175 0.0057 0.023
Pseudo-second order geca(ma/g) geeo(mg/g) k, (moldm>min™) R?
47.789 47.619 6.30 0.999
Elovich B A R?
38.759 5.23x10%° 0.200
Intraparticle Diffusion ks C R?
-0.012 12.140 0.126

101
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Figure 8. Adsorption Kinetics of (a) first order (b) second order (c) Elovich (d) Intraparticle diffusion

of EBT-loaded ATG

However, based on assessment of correlation
coefficient values of the four models, the
pseudo-second order was found to be relatively
favoured compared to other models tested,
which suggest the involvement of chemical
interactions in the EBT adsorption. In addition,
Jeal Values as determined from the pseudo-
second order are found to be comparable to
Je,exp that also simplifies its fitness in comparison
to pseudo- second order (Li et al., 2019; Yao et
al., 2020).

Thermodynamics study

To further establish the mechanism of the
adsorption process, thermodynamic studies were
carried out to investigate the influence of

temperature on ATG adsorption of EBT from the
synthetic wastewater by varying the operational
temperature from 30°C to 50°C (303 - 323K).
Gibb’s free energy (AG), enthalpy (AH) and
entropy (AS) changes of the adsorption process
were determined using the following equations:
AG = -RTInK,

AG was determined using Equation (11), while
AH and AS were determined from Equation (12)
by the linear plot of InK_ versus 1/T (K), AH was
evaluated from the slope and AS from the
intercept of the plot.

Table 4. Thermodynamic parameters for the adsorption of ATG-loaded EBT

T(K) K AG (kJ/mol) AH (kJ/mol) _ AS (3/mol.K)
303 29.941  -8.563 -9.223 2.108

313 27.340  -8.609

323 23.855  -8.718

The values of AG, AH and AS for the adsorption
of EBT onto ATG at three different temperatures
are presented in Table 4. The negative values of
AG shows the feasibility and spontaneous nature
of the process, which is also indicative of the

physical nature of the adsorption process. This is
because the values are less than the threshold
value of -20kJ/mol for chemical adsorption
(Sharma et al., 2021).
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Furthermore, the negative value of AG increased
with temperature increase from 303 to 323 K
indicating the adsorption is improved at higher
temperature. However, the negative value of AH
obtained for the adsorption process which
describes the energetics involved at the
interphase of the interaction between the dye

molecule and the adsorbent surface indicates
the exothermic nature of the process (Adeyinka,
2019). Increase in positive value of entropy
change shows that the adsorption process is
characterized by an increase in degree of
randomness at the dye-adsorbent surface
qualifying a spontaneous process.

345
g y = 1109.4x - 0.2536
: 2 _
a3 R? = 0.9823
(®)
2 33
=325
32 -
3-15 T T T 1
0.003  0.0031 0.0032 0.0033  0.0034
1/T (K)

Figure 9. Van't Hoff plot for EBT adsorption at different temperatures

CONCLUSION

The results of this study showed that the base
activated typha grass (ATG) is a potential
adsorbent for the removal of Eriochrome Black T
(EBT) dye from aqueous solution. The adsorbent
prepared to study the effect of contact time,
adsorbent dose, initial concentration,
temperature and pH which are dependent on the
efficiency of adsorption. The obtained adsorption
kinetics fitted well with pseudo-second order
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