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The removal of toxic dye rhodamine B (RB) from aqueous solution was achieved by using Casuarina equisetifolia cone (CEC) as an
adsorbent. Batch experiment method was used in order to investigate the effects of contact time, pH, temperature, ionic strength,
and dye concentration on the adsorption process. Kinetics and isotherm theoretical models were applied on the experimental data
and it was found that the pseudo-2nd-order kinetics and the Langmuir isotherm model best fitted into the data. The Langmuir
maximum adsorption capacity for CEC was determined as 49.5mg g−1. The adsorption of RB onto CEC is thermodynamically
favourable, feasible, and endothermic in nature.

1. Introduction

Theuse of synthetic colouring agents in textile, paper, leather,
and plastic industries leads to the growing concern of the
dye wastewater. Many synthetic dyes are chemically and ther-
mally stable and are usually nonbiodegradable. Dye wastew-
ater must be treated before discharge to the environment.
However, such practices of direct discharge of dye wastewater
were being observed in some low-income countries, and the
damage is not limited to ecological damage, but also to the
health of those who consume the water [1].

There are many methods available for treating dye waste-
water such as ozonation, addition of reducing agents, Fenton’s
method, membrane filtration, ion-exchange, and adsorp-
tion methods where their advantages and disadvantages are
widely discussed in literature [2]. Among these methods,
adsorption is one of the simplest and most researched
methods in the last decade [3]. Adsorption is also widely used
for the removal of pollutants that are not easily biodegradable
[2]. The cost of dye wastewater remediation by adsorption
depends on the removal efficiency of the adsorbent as well as
its sources. Low-cost adsorbents may include materials that
can be found in abundance such as weeds or agricultural

wastes, while higher-cost adsorbents may include chemically
treated materials.

Casuarina equisetifolia is a multipurpose crop native in
Australia, Bangladesh, Brunei Darussalam, Malaysia, Thai-
land, and Philippines islands [4] which was introduced to
India, China, Egypt, Tanzania, and North America for agro-
forestry research [5].This plant is a nonleguminous plant and
capable of forming symbiosis relationship with phosphate
mobilising mycorrhizae for its phosphate’s need, while the
nitrogen source can be obtained through nitrogen-fixing
Frankia in root nodules [5], thereby reducing the need of
inputs.

In this study, the Casuarina equisetifolia cone (CEC) was
investigated as a potential adsorbent for the removal of
rhodamine B (RB). In our previous studies, we reported the
potential of Casuarina equisetifolia needle (CEN) as a good
adsorbent for the removal of RB [6], methyl violet [7], and
malachite green [8]. CEC contributes to 2–10% of total plant
litter from a Casuarina equisetifolia tree [9]. CEC has no
economic importance and is not used for landscape purposes,
unlike the CEN. The nutrient density of CEC is lower than
CEN [10], while upon decomposition the CEC releases less
nitrogen than CEN which makes CEC a less useful material
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for composting or as biofertiliser [9]. Another reason of using
CEC as an adsorbent is because of the brittleness feature
which allows the biomass to be easily processed into powder.
CEC also contain lignocellulosic material which is one of
the known materials used for remediation of pollutants [11].
Currently, there are no reports on the use of CEC as an
adsorbent for removal of dyes; however, the cones of Pinus
radiata tree, unrelated to Casuarina species, were reported to
be used for removal ofmethylene blue [12] and congo red [13].

The xanthine dye, RB, is chosen for this study because of
its importance in paint, textile, and paper industries [14].
RB was reported to cause mutagenic effect and reproductive
toxicity in rats [15] and is also toxic to fish with a LC50 of
83.9mg L−1 reported for Cyprinodon variegatus [16].

2. Materials and Methods

2.1. Preparation of Adsorbent and Adsorbate. Casuarina equi-
setifolia cone (CEC) was collected from the campus ground
and was washed using water before drying it in the oven at
70∘C for few days. The dried CEC was then blended and
sieved to obtain particle size of 355𝜇m.The sample was kept
in sealed plastic bag until further use.

Rhodamine B (RB) (C28H31ClN2O3,𝑀𝑟 479.01 gmol−1),
with purity of 95% dye content, was purchased from Sigma-
Aldrich. RB stock solution (1000mg L−1) was prepared by
dissolving an appropriate amount of RB in water and a serial
dilutionwas used in order to prepare lowerRB concentrations
from the stock solution. All reagents were used without
further purification and distilled water was used throughout
the experiments.

2.2. Characterisation of CEC. The point of zero charge
(pHpzc) of CEC was determined using the salt addition
method [17]. Five solutions of 0.1mol L−1 KNO3(20mL) were
prepared and the pH of each solution was adjusted to pH 2, 4,
6, 8, and 10 using 0.1mol L−1NaOHandHNO3. 0.04 g of CEC
was mixed with the salt solutions in conical flasks and the
mixtures were agitated using Stuart Orbital Shaker at a speed
of 250 rpm for 24 h. The pH of the solutions was measured
using aThermo-Scientific digital pHmeter after the 24 h agi-
tation.The pHpzc was determined from the plot of ΔpH (final
pH − initial pH) versus initial pH.

The identification of CEC and CEC-RB’s functional
groups was done by Fourier transform infrared (FTIR)
spectroscopy (Shimadzu Model IR Prestige-21 spectropho-
tometer) using the KBr disc method.The KBr was purchased
fromSigma-Aldrich andof spectroscopy grade. It was dried at
110∘C for 2 h prior to the analysis in order to remove the
moisture.

The surface morphology of the samples was done using
scanning electron microscope (SEM) (Tescan Vega XMU).
The samples were placed on carbon tape andwere gold coated
using SPI-MODULE� Sputter Coater at plasma current of 8
mA for 60 seconds.

2.3. Experimental Procedures. Batch experiment used in this
study was generally carried out by mixing CEC (0.05 g) with

RB solution (20mL) of specific concentration in conical
flasks and agitated at 250 rpm for a certain period of time.
The quantity of the dye after agitation was analysed using
UV-visible spectrophotometer (Shimadzu UV-1601PC) at
wavelength of 555 nm.

In this study, parameters such as contact time
(5−240min), temperature (25–55∘C), dosage (0.01–0.06 g),
ionic strength (0.1–0.8MKNO3), and pH (2–10) were carried
out in order to investigate their effects on the adsorption of
RB onto CEC. The amount of RB adsorbed per gram of CEC
and percentage removal are determined by the following
equations, respectively:

Adsorption capacity, 𝑞𝑒 (mg g−1) = (𝐶𝑖 − 𝐶𝑒) 𝑉𝑚 , (1)

Percentage removal = (𝐶𝑖 − 𝐶𝑒) × 100%𝐶𝑖 , (2)

where 𝐶𝑖 is the initial dye concentration (mg L−1), 𝐶𝑒 is the
dye concentration after agitation (mg L−1),𝑉 is the volume of
dye solution used (L), and 𝑚 is the mass of adsorbent used
(g).

2.4. Error Analyses. In order to determine the best-fitting
model for describing the experimental data in kinetics and
isotherm studies, two error functions were used, namely, the
sum of absolute error (EABS) and chi-square test (𝜒2). Error
functions are useful as the conversion of nonlinear equations
into linear forms can violate the error variance of the standard
least squares [18, 19]; therefore, determining the best-fitting
model based on the value of the coefficient of determination
(𝑅2) alone is inadequate. The lower the value of the error
functions, the closer the agreement between the calculated
and experimental values and, hence, the better the fitting of
the model into the experimental data [20]. The equations of
the two error functions are as follows:

Sum of absolute error (EABS):
𝑛

∑
𝑖=1

𝑞𝑒,exp − 𝑞𝑒,cal ,

Chi-square test (𝜒2):
𝑛

∑
𝑖=1

(𝑞𝑒,exp − 𝑞𝑒,cal)2
𝑞𝑒,exp ,

(3)

where 𝑞𝑒,exp is 𝑞𝑒 value obtained from the experiment while
𝑞𝑒,cal is the calculated value from the theoretical models and
n is the number of data points in the experiment.

2.5. Regeneration Study. The regeneration study on CEC’s
adsorption capacity after the treatment with RB dye was done
by washing the spent CEC with water and 0.1M NaOH as
regenerating solutions. Full details of the regeneration exper-
imental procedures are available in our previous study [21].
Briefly, the spent CEC was made by agitating with 50mg L−1
RB and distilled water was used for washing the dye on
the adsorbent several times at 30min interval. Spent CEC
using base treatmentwas prepared by agitating the spent CEC
with 0.1M NaOH for 30min, followed by repeated distilled
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Figure 1:The FTIR spectra for (A) untreated CEC and (B) CEC-RB.

100𝜇m

Figure 2: SEM image of CEC at 400x magnification.

water washing until the washed solution is near neutral. The
regenerated CEC was dried in an oven at 70∘C overnight
before being subjected to fresh 50mg L−1 RB. This is consid-
ered as one cycle and the experiment was carried out until the
third cycle.

3. Results and Discussions

3.1. Characterisation of CEC. The functional groups identifi-
cation of CEC and CEC-RB using FTIR is shown in Figures
1(A) and 1(B), respectively. InCEC’s FTIR spectrum,OHand/
or NH group (3422 cm−1), CH (2925 cm−1), amide, NH2
bending (1620 cm−1), CN stretching (1514 cm−1), and C-O
stretching vibration (1037 cm−1) were observed. In CEC-RB,
however, these bands were shifted to 3395, 2930, 1630, 1519,
and 1024 cm−1, respectively, suggesting that these functional
groups could be involved in the interaction between CEC’s
surface and RBmolecules.The surface morphology of CEC is
displayed in Figure 2 and it can be seen that CEC has rough
and irregular surface which suggests large surface area for the
adsorption to occur.

The pHpzc of CEC is determined as 4.22. According to the
concept of point of zero charge, this value indicates the pH at
which CEC’s surface is neutral. When CEC is subjected to
higher pH, the surface would be predominately negative
in charge due to the deprotonation of its functional group

such as carboxyl group. While, in lower pH, the surface is
predominately negative in charge due to the protonation of
functional group such as amine group. This parameter is
useful in the prediction at which pH the adsorbents can
effectively adsorb the adsorbate in solutions.

3.2. Effect of Contact Time and Kinetics Study. The amount of
time required for the adsorption process to be in equilibrium
can vary depending on the chemical and physical nature of
the adsorbent as well as the adsorbate.Therefore, it is useful to
investigate the effect of contact time in order to obtain the
optimal time to be used for the rest of the experiments.
The adsorption of 50,100, and 200mg L−1 RB onto CEC is
shown in Figure 3(a) where a rapid increase in 𝑞𝑒 values in
the first 30min of contact time was observed and this could
be due to the availability of CEC’s active sites. Beyond 60min,
the adsorption slowed down which was contributed by the
diminishing number of active sites for RB molecules to
interact with.

In this study, the Lagergren 1st-order [22] and pseudo-
2nd-order [23] models were used to describe the adsorp-
tion mechanism while Weber-Morris intraparticle diffusion
model [24] was used to investigate the diffusion mechanism
of the adsorption process. The linear equations for these
models are expressed as follows:

Lagergren 1st-order: log (𝑞𝑒 − 𝑞𝑡)
= log 𝑞𝑒,cal − 𝑡2.303𝑘1,

Pseudo-2nd-order: 𝑡𝑞𝑡 =
1
𝑞𝑒,cal2𝑘2 +

𝑡
𝑞𝑒,cal ,

Weber-Morris intraparticle diffusion: 𝑞𝑡
= 𝑘3𝑡1/2 + 𝐶,

(4)

where 𝑞𝑡 is the adsorption capacity at given time (mg g−1), 𝑡
is the time (min), 𝑞𝑒,cal is the calculated adsorption
capacity (mg g−1), and 𝐶 is the intercept. 𝑘1 (min−1), 𝑘2
(gmg−1min−1), and 𝑘3 (mg g−1min−1/2) are rate constants for
the Lagergren 1st-order, pseudo-2nd-order, and Weber-
Morris intraparticle diffusion model, respectively.

Table 1 summarises the kinetics parameters calculated
from each of the models’ linear plots. It can be seen that
the pseudo-2nd-order has higher coefficient of determination
(𝑅2) values compared to the Lagergren 1st-order. This indi-
cates that the pseudo-2nd-order ismore suitable in describing
the experimental data than the Lagergren 1st-order model.
This is supported by the smaller EABS and 𝜒2 values for
pseudo-2nd-order as well as the close agreement of the
model’s 𝑞𝑒,cal with that of the experimental 𝑞𝑒. In the Weber-
Morris model, a straight plot passing through the origin
indicates that intraparticle diffusionmodel is the rate limiting
step. In some cases, multilinear plots are also obtained where,
in such plots, there are usually three distinct regions that
can be seen which represent the film diffusion (1st region),
intraparticle diffusion (2nd region), and equilibrium phase
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Figure 3: (a) Effect of contact time on the adsorption at dye concentrations of 50, 100, and 200mg L−1 RB onto 0.04 g CEC and (b) Weber-
Morris intraparticle diffusion plots.

Table 1: The calculated parameters of the kinetics models.

𝐶𝑖 (mg L−1) 50 100 200
Lagergren 1st-order model

𝑞𝑒,cal (mg g−1) 8.226 16.484 23.608
𝑞𝑒,exp (mg g−1) 10.667 22.863 40.329
𝑘1 0.018 0.021 0.014
𝑅2 0.919 0.918 0.995
𝜒2 11.646 34.150 109.759
EABS 24.912 66.826 166.513

Pseudo-2nd-order model
𝑞𝑒,cal (mg g−1) 11.560 24.245 41.938
𝑞𝑒,exp (mg g−1) 10.667 22.863 40.329
𝑘2 0.004 0.002 0.001
𝑅2 0.985 0.990 0.993
𝜒2 7.182 14.619 24.406
EABS 18.614 42.424 72.061

Weber-Morris intraparticle diffusion model
𝑘3 0.895 1.555 2.477
𝐶 1.234 5.896 11.493
𝑅2 0.906 0.954 0.981

(3rd region) [25]. However, since film diffusion is a very fast
process, it is usually not seen in many cases. In this study,
multilinear Weber-Morris plots were obtained for all three
concentrations (Figure 3(b)). From Table 2, it can be said that
the y-intercept of each plot did not pass through the origin
and thus intraparticle diffusion is not the rate limiting step.

3.3. Effect of pH and Ionic Strength. The condition of dyeing
processes varies depending on the nature of the dye; that is,
acid dyes work best in acidic condition and reactive dyes need
the addition of salt. As the dyeing process does not use up
all the dyes in the bath, they are often disposed and if not

Table 2:Thermodynamics parameters for the adsorption of RB onto
CEC.

Temperature
(∘C)

ΔG∘
(kJmol−1)

ΔH∘
(kJmol−1)

ΔS∘
(Jmol−1 K−1) 𝑞𝑒 (mg g−1)

25 −1.19
14.19 51.16

12.08
35 −1.47 12.77
45 −2.47 14.09
55 −2.84 14.85

properly processed can affect the ecology of the water bodies.
pH and presence of salt can affect the adsorption capacity
of an adsorbent and thus it is important to investigate these
parameters.

Figure 4(a) shows the effect of pH on the adsorption of
50mg L−1 RB onto CEC. The highest removal was obtained
at pH 2 (75%) while the other pH including the ambient pH
yielded similar removal of around 66%. RB dye molecule
exists in cationic form when pH < 4 [26] and using the
concept of pHpzc the adsorption of RB molecules is less
favourable in such low pH due to electrostatic repulsion.
However, this was not observed in this study which may be
due to the possibility of other forces such as hydrogen bond-
ing and hydrophobic interactions playing bigger roles than
electrostatic interaction. Similar observation was reported in
the removal of RB using Azolla pinnata [27].

The effect of ionic strength on the adsorption of 50mg L−1
RB onto CEC is shown in Figure 4(b). It can be seen that
the removal of RB only decreased when 0.04MNaCl and
beyond were introduced into the system. The removal of
RB was initially 70% which decreased to 61% in 0.8MNaCl
solution.The reduction of removal capacity is contributed by
the competition between the dye molecules and Na+ ions for
CEC’s active sites. Also, the adsorbed Na+ can cause elec-
trostatic repulsion due to increase in positive charge on the
CEC’s surface. However, the reduction was not severe as the
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Figure 4:The effect of (a) pH and (b) ionic strength on the adsorption of 20mL of 50mg L−1 RB onto CEC using 0.04 g adsorbent at agitation
speed of 250 rpm.

RBmolecule is likely to interact with CEC using hydrophobic
interaction and hydrogen bonding as mentioned above.
Removal of RB using jackfruit seed reported a similar
observation [28].

3.4. Effect of Temperature and Thermodynamics Study.
Table 2 shows 𝑞𝑒 values at various temperature as well as
the calculated Δ𝑆∘ and Δ𝐻∘ values obtained from linear
plot presented by (9) and these two parameters are used to
calculate Δ𝐺∘ using (5). It can be seen that increasing the
temperature from 25∘C to 55∘C only increased 𝑞𝑒 values by
two units which indicates that temperature has little effect on
the adsorption process. Thermodynamically, the adsorption
in this study is viewed as endothermic due to the increase in
𝑞𝑒 values and the positive value of Δ𝐻∘. The negative values
of Δ𝐺∘ indicate the spontaneous reaction while positive Δ𝑆∘
value showed that the reaction is favourable.

Van ’t Hoff equation can be expressed as follows:

Δ𝐺∘ = Δ𝐻∘ − 𝑇Δ𝑆∘, (5)

Δ𝐺∘ = −𝑅𝑇 ln 𝑘, (6)

𝑘 = 𝐶𝑠𝐶𝑒 , (7)

𝐶𝑠 = 𝐶𝑖 − 𝐶𝑒. (8)

By substituting (5) into (6),

ln 𝑘 = Δ𝑆∘𝑅 −
Δ𝐻∘
𝑅𝑇 , (9)

where T is the temperature in Kelvin (K), Δ𝐺∘ is Gibbs’ free
energy, Δ𝑆∘ is the change in entropy, Δ𝐻∘ is the change in
enthalpy, 𝑘 is the distribution coefficient for adsorption, 𝐶𝑠
is the amount of RB adsorbed by the adsorbent after equilib-
rium (mg L−1), and 𝑅 is the gas constant (8.314 Jmol−1 K−1).
Δ𝑆∘ and Δ𝐻∘ were calculated from the linear plot of ln 𝑘

versus 1/𝑇.
3.5. Effect of Concentration and Isotherm Modelling. As seen
in Figure 5, 𝑞𝑒 value increases as the concentration of
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Figure 5: The effect of various concentration of RB on the adsorp-
tion process (0.04 g adsorbent, unadjusted pH).

RB increased from 20mg L−1 (5.5mg g−1) to 200mg L−1
(41.1mg g−1). This is contributed by the driving force pro-
vided by the concentration gradient which forces more
molecules to be transferred from the bulk solution to the
adsorbent [29]. Beyond 200mg L−1, the adsorption slowed
down to a point where the uptake did not increase signifi-
cantly, that is, 44.5mg g−1 at 500mg L−1.

Three theoretical isothermmodels, namely, the Langmuir
[30], Freundlich [31], and Sips [32], were chosen in this study
in order to describe the adsorption process. These adsorp-
tion isotherm models are widely used in adsorption study
and their applications are discussed in literature [20]. The
linearised equations of the models are expressed as follows:

Langmuir:
𝐶𝑒
𝑞𝑒 =
1
𝐾𝐿𝑞𝑚 +

𝐶𝑒
𝑞𝑚 ,

Freundlich: ln 𝑞𝑒 = 1𝑛𝐹 ln𝐶𝑒 + ln𝐾𝐹,

Sips: ln( 𝑞𝑒𝑞𝑚 − 𝑞𝑒) = 𝐾𝐿𝐹 ln𝐶𝑒 + ln𝐾𝑆,

(10)

where 𝑞𝑚 (mg g−1) is the maximum monolayer adsorption
capacity, 𝐾𝐿 (Lmg−1) is the Langmuir constant, 𝐾𝐹 (mg g−1

(Lmg−1)1/𝑛) is the adsorption capacity of the adsorbent,
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Table 3: Calculated parameters and error functions for the Langmuir, Freundlich and Sips models.

Langmuir Freundlich Sips
𝑞𝑚 (mg g−1) 49.529 𝐾𝐹 [mg g−1 (Lmg−1)1/n] 4.087 𝑞𝑚 (mg g−1) 60.700
𝐾𝐿 0.033 𝑛𝐹 2.212 𝐾𝑠 (Lmg−1) 0.038
𝑅𝐿 0.057 𝐾𝐿𝐹 1.253
𝑅2 0.993 𝑅2 0.900 𝑅2 0.951
𝜒2 1.624 𝜒2 12.741 𝜒2 2.328
EABS 18.352 EABS 49.706 EABS 21.314

𝑛𝐹 value (between 1 and 10) indicates favourability of the
adsorption process,𝐾𝑆 (L g−1) is Sips constant, and𝐾𝐿𝐹 is the
exponent.

Separation factor (𝑅𝐿) can be calculated from Langmuir
constant and it is used to predict the favourability of the
adsorption process [33]

𝑅𝐿 = 1
(1 + 𝐾𝐿𝐶𝑖) , (11)

where 𝑅𝐿 = 0, unfavourable when 𝑅𝐿 > 1, linear when 𝑅𝐿 =1, and favourable when 0 < 𝑅𝐿 < 1 [34].
The Langmuir, Freundlich, and Sips models were com-

pared using their 𝑅2, EABS, and 𝜒2 values in order to
determine the best model to describe the adsorption process.
From Table 3, all three models displayed high 𝑅2 values
(𝑅2 > 0.9) with the Langmuir being the highest followed by
Sips and Freundlichmodels.The Langmuirmodel also exhib-
ited the lowest EABS and 𝜒2 values among the three models.
This indicates that the Langmuir model is the best fitted
model to the experimental data which assumes that the RB
molecules formed a single layer on the CEC’s surface.
Both 𝑅𝐿 and 𝑛𝐹 values indicate that the adsorption of RB
onto CEC is a favourable process. The maximum mono-
layer adsorption capacity (𝑞𝑚) for CEC is determined as
49.5mg g−1. The performance of CEC in removing RB is
lower than Casuarina equisetifolia needle (82.3mg g−1) [6]
and Azolla pinnata (72.2mg g−1) [27] and higher than jack-
fruit seed (26.4mg g−1) [28], acid treated Acacia nilotica leaf
(22.4mg g−1) [14], and microwave treated Acacia nilotica
leave (24.3mg g−1) [14].

3.6. Regeneration Study. An alternative of disposing or incin-
erating the used adsorbents, the regeneration of the adsor-
bents’ removal capabilities using chemicals can be investi-
gated as it can reduce disposal problem and save cost from
using fresh adsorbents. Distilled water and 0.1MNaOHwere
used to regenerate CEC in this study and the result is shown
in Figure 6. Fresh CEC yielded 68.9% RB removal while
distilled water and base by the third cycle only yielded 42.6%
and 11.5% removal, respectively. Distilled water managed to
regenerate around 40% of CEC’s original removing capability
which is considerably high for a simple washing solution.
Our previous works on the removal of RB also showed
similar result in the regeneration of the adsorbents where
base washing tend to result in lower percentage removal on
consecutivewashing cycle, and thismay be due to the removal
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Figure 6: The regeneration of CEC using distilled water and 0.1M
NaOH.

of lignin and low molecular weight wax which may interact
with the RB dye molecules [6, 28].

4. Conclusion

CEC has shown to have a good potential as an adsorbent in
removingRB fromaqueous solution. It has several advantages
where CEC’s performance is not severely affected by the
change of pH, ionic strength, and temperature making it a
very versatile adsorbent. The pH and ionic strength experi-
ments indicated that the adsorption of RB onto CEC does not
depend on electrostatic interactions. The Langmuir model
can be used to describe the process where CEC’s 𝑞𝑚 value is
49.5mg g−1.
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