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Abstract

The use of commercial adsorbents for the removal of dye from aqueous environment is expensive. Anthill could serve as
alternative and cheap adsorbent in treating coloured effluents. However, this study focused on adsorption of dye from aque-
ous solution by anthill via batch mode process. The anthill was thermally activated at 900 °C for 2 h and then characterized
using various techniques. The 2 factorial experimental design in Design Expert Software version 11 was employed for
the optimization of adsorption process variables, which include initial dye concentration, contact time, adsorbent dosage
and pH. Experimental data were evaluated using Langmuir and Freundlich models. The main effect analysis showed that
adsorbent dosage contributes significantly to the adsorption of CR as much as 38.48%, while initial dye concentration con-
tributes the least to the process as low as 0.00066%. The obtained data revealed that the maximum dye uptake was achieved
under the optimized factor combination of adsorbent dosage of 0.5 g, contact time of 120 min, medium pH of 4 and initial
CR concentration of 50 mg/L. Equilibrium adsorption isotherm and kinetic analyses revealed that Freundlich isotherm and
pseudo-second-order model fitted well to the experimental data. The value of Freundlich exponent (n=1.11) indicated that
the adsorption process was favourable. The work showed that anthill material is a promising adsorbent for removing dyes
from aqueous solution.
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Introduction and usually yield toxic organic compounds when they bio-

degrade (Arumugam and Saravan 2015). Besides, exposure

In industries such as textiles, plastics, rubbers, cosmetics
and many more, dyes are frequently used to provide colour
to their products (Sharma and Janvega 2008). In Nigeria,
wastes emanating from these industries pose serious envi-
ronmental threats due to inability of dye to be decolorized
once it is released into the river. However, no adequate
measures are put in place to curb indiscriminate disposal
of wastewater containing dyes. Many dyes are carcinogenic
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of aquatic species to dye has been known to be disastrous
as it reduces the dissolved oxygen; hence, there is need to
adopt a holistic approach in removing dyes from industrial
effluent before it is being discharged into the environment.

Many treatment processes have been employed for the
removal of dyes from industrial effluents. These treatment
techniques include ultrafiltration (Lakdioui et al. 2017),
ion exchange membrane (Ran et al. 2017), electrochemical
degradation (Morsi et al. 2011), photocatalytic degradation
(Alahiane et al. 2017) and adsorption process (Arumugam
and Saravan 2015). Among these methods, adsorption of
dye onto activated carbon has been most viable technique
(Hameed et al. 2009). However, due to the exorbitant cost of
commercial activated carbon and other industrially produced
adsorbents, present research has geared towards rummage
for cheap, eco-friendly and alternative adsorbents.

Anthill is a collection of sand, earth and other materials
formed by the group of ants at the entrance of their colony
(Henne 2009; Sharma and Sumbali 2013). It is of two types,
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namely type I and type II. Type I is small in diameter, and its
nest is less noticeable in the ant territory, because it is small
in size, characterized by waste deposition and easily influ-
enced by erosion (Sharma and Sumbali 2013), while Type II
is huge, often sticks together, sometimes surrounded by veg-
etation and persist for many years (Henne 2009). Researches
have proven that anthill possesses different oxides of metal
which have been used in their commercial forms for differ-
ent purposes (Akinwekomi et al. 2012). As also reported by
Gupta (2008), anthill is a form of siliceous fire clay which
possesses high silica (SiO,) and alumina (Al,O5) contents.
However, clay materials have been used as adsorbent in
treating water and wastewater. Vimonses et al. (2009) inves-
tigated the adsorption of dye from aqueous solution using
clay material, while Wang and Wang (2007) also removed
dye through adsorption using chitosan/montmorillonite clay
composite as an adsorbent. Recently, Mohamed et al. (2016)
removed copper(Il) ion from textile effluent using clay as
an adsorbent. Some of the main reasons for selecting anthill
for this study are that of its intrinsic pore structure and its
availability. Meanwhile, there is a dearth of literature on the
use of anthill as an adsorbent for the removal of dye from
aqueous environment.

Thus, present study focused on investigation of adsorp-
tion efficacy of anthill as an adsorbent for the removal of
Congo red (CR) dye from aqueous environment and vari-
ous characterization techniques such as X-ray florescence
(XRF), Brunauer-Emmett-Teller (BET) surface area meas-
urement, scanning electron microscopy (SEM) and Fourier
transform infrared (FTIR) spectroscopy were employed to
determine the adsorbent properties. The statistical design of
experiments was employed to check the influence of process
parameter on the adsorption of CR onto anthill. Equilibrium
adsorption isotherms and kinetics studies were also carried
out and discussed in details.

This experimental work was conducted at the Department
of Chemical and Petroleum Engineering, Afe Babalola Uni-
versity, Ado-Ekiti, Nigeria, between the month of February
2017 and August 2017.

Materials and methods
Adsorbate

The anionic dye used as adsorbate was Congo red (CR)
bought from Nizochem Laboratory Limited (Lagos, Nigeria).
CR has molecular formula and weight of C;,H,,N¢Na,O.S,
and 696.66 g/mol, respectively. H,SO, and NaOH were used
to adjust the pH of solution. 1000 mg/L of dye solution was
prepared by adding 1.0 g of CR in 1000 mL of distilled
water, and solutions required for the experimental study
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were prepared by diluting the CR stock solution to various
initial adsorbate concentrations.

Preparation and characterization of adsorbent

The anthill adsorbent was synthesized by subjecting the har-
vested anthill material to a calcination process. Typically,
150 g of anthill was gently ground into powder with the aid
of mortar and pestle and sieved to required particle size of
100-200 pm. The resulting powder was thereafter thermally
treated in a muffie furnace at 900 °C for 2 h. The chemical
composition of the raw anthill was examined by XRF analy-
sis. The textural properties (surface area and pore sizes) of
the thermally activated anthill were evaluated using Quan-
tachrome adsorption analyser (model 11.03, USA) operated
at — 196 °C using inert gas (nitrogen) as a carrier gas. The
morphological features of the activated anthill before and
after adsorption process were examined using a scanning
electron microscope (JEOL-JSM 7600F). In order to identify
the functional groups on the surface of the prepared anthill
adsorbent before and after loading of dye, Fourier trans-
form infrared radiation (FTIR) spectrophotometer (Model
IR Affinity-1S, Shimadzu, Japan) was employed.

Experimental design

In this current study, simple 2* factorial design in Design
Expert Software version 11 was applied in order to estab-
lish the optimum condition for the adsorption of CR onto
thermally treated anthill. However, four process parameters,
initial CR concentration, contact time, adsorbent dosage and
pH were evaluated at two levels (maximum and minimum)
with the required responses being the removal percentage
and Congo red uptake. The minimum initial CR concentra-
tion was 50 mg/L, and the maximum was 300 mg/L. The
maximum contact time was 120 min, while the minimum
was 30 min. The minimum value for adsorbent dosage was
0.3 g, and the maximum was 0.5 g. The maximum pH was
9.0, while the minimum was 4.0.

Batch adsorption experiments

The apparatus used in the adsorption studies consists of the
set of 250-mL conical flasks and a temperature controlled
water bath shaker (SearchTech Instrument). An exact amount
(0.3 or 0.5 g) of calcined anthill as indicated by the factorial
design (Table 3) was charged into 250-mL conical flasks
containing 50 mL of CR solution with initial concentration
in the range of 50-300 mg/L. The mixtures were thoroughly
agitated in the water bath shaker operated at temperature and
stirring speed of 35 °C and 150 rpm, respectively. At the
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end of the equilibrium adsorption, the treated dye solutions
were filtered and the concentration of the CR in the filtrate
was measured at 495 nm (maximum absorption wavelength)
by using a UV-Vis spectrophotometer, UV-1920 Jenway,
UK. Each experimental run was conducted according to
the experimental design (Table 3). The present dye removal
percentage, E, (%) and amount of CR dye adsorbed at equi-
librium, g, (mg/g), were evaluated as follows:

(C-C.)

Ey =~ x 100% (1)

o

o= (C,-C.)V @
m

where C, and C, (mg/L) are the initial CR concentration

and concentration at equilibrium, respectively. V (L) is the

volume of the dye solution, and m (g) is the mass of calcined

anthill.

After the optimum adsorption process variables were
obtained, the equilibrium isotherms and kinetics studies
were conducted by considering different adsorbate con-
centrations from 50 to 300 mg/L at fixed contact time,
adsorbent dosage and pH. The dye uptake at time ¢, g, was
thus calculated as follows (Hameed et al. 2009).

(C,—C)V

g =—"—"_ 3
m

Adsorption equilibrium isotherm
Langmuir isotherm

Langmuir isotherm is a model with two parameters which
operates on the principle that the maximum adsorption
corresponds to a saturated monolayer of adsorbate mol-
ecules on the adsorbent surface (Hameed et al. 2009).
Langmuir model equation in its linear form is given as:

o= () (o)
== + C. 4
qe Gmaxb Grmax &

where q,,,, (mg/g) is the maximum adsorption capacity and
b (L/mg) is the Langmuir equilibrium constant.

The favourability of the adsorption process was verified
by expressing the Langmuir isotherm in a dimensionless
form as written in Eq. (5).

1
R = —
"7 (1+bC,) ©)

where (R|) is the separation factor and C, (mg/L) the high-
est initial concentration of adsorbate. The value of R}
describes the nature of isotherm either to be unfavourable
(R_>1), favourable (0 <R < 1), irreversible (R =0) or lin-
ear (R =1).

Freundlich isotherm

The experimental data were further analysed by consid-
ering another two-parameter isotherm called Freundlich
model. This model is an empirical type that is meant for
multilayer and heterogeneous adsorption sites (Yusuff
et al. 2017), and it is expressed according to Eq. (6).

1
/
4. = kFCe " (6)

where ki (mg/g(L/mg)'"") indicates the adsorption capacity
of the adsorbent and n is an adsorption intensity. The linear
form of Eq. (6) is given by:

1
log g, = logky + (5 ) log C, ™

Adsorption kinetics

In order to analyse the kinetic data obtained at different
adsorbate concentrations, three adsorption kinetic mod-
els, namely pseudo-first-order, pseudo-second-order and
intraparticle diffusion models, were applied to evaluate the
extent of utilization of the adsorption capacity with respect
to contact time between the CR dye (adsorbate) and the
calcined anthill (adsorbent). The linearized forms of the
pseudo-first-order, pseudo-second-order and intraparticle
diffusion models are expressed in Egs. (8), (9a) and (10),
respectively, as follows:

B kit
log (¢, —q,) =logq, — 3303 ®)
t 1 t

et (9a)
9  kaq; 4.

h = kyq? (9b)
g, =kpt'?+C (10)

where g, and g, are the amount of CR adsorbed (mg/g) at
time 7 in min and at equilibrium, respectively. k; (min™")
and k, (g mg~' min~!) are the rate constants for pseudo-first-
order and pseudo-second-order, respectively. 4 is the initial
sorption rate (mg g~! min!). kp, is the intraparticle diffusion
rate constant (mg g~' min®3), and C is the intercept.
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Results and discussion
Adsorbent characterization

The mineral constituent of raw anthill sample was ana-
lysed with the XRF technique. The analysis result is shown
in supplementary material (Table SM1), and it showed
that the anthill material has silicon oxide (SiO,, 57.9%),
aluminium oxide (Al,05, 13.4%), zirconium oxide (ZrO,,
13.31%) and iron(III) oxide (Fe,O5, 9.78%) as the major
contents. This result is in trend with the findings reported
by Sharma and Sumbali (2013) for fire clay samples and
Akinwekomi et al. (2012) for anthill clay. It was also
found to contain rare earth and transition metal oxides
like zinc oxide (ZnO), tin oxide (SnO,) as well as orna-
mental oxides such as silver oxide (Ag,0) and gold oxide
(Au,03) (Table SM1), which are hardly detected in natural
clay and thus indicates a good discovery.

However, metal oxides such as CaO, TiO,, Fe,05, Al,0;
and SiO, have been applied individually and combined form
as adsorbents in adsorption process as documented by some
researchers (Lim et al. 2015; Fisli et al. 2017). As reflected
in the literature, mixed rare earth oxides have been used
as adsorbent in removing arsenic from wastewater (Raichur
and Panvekar 2002). Therefore, these metal oxides in anthill
could discourage the use of commercial metal oxides in
making composite adsorbents.

Textural characteristic analysis

The specific surface area, total pore volume and pore diam-
eter of the as-synthesized adsorbent were estimated by
Brunauer—Emmett-Teller (BET), #-plot and Dubinin—Radu-
shkevich (DR) techniques, respectively. As shown in Table 1,
the analysis result revealed that activated anthill has better
textural properties. Most especially, its surface area and total
pore volume were obtained as 48.12 m*/g and 0.0227 cm’/g.
Thus, these values indicate that there is a better possibil-
ity for dye adsorption (Hameed et al. 2009). In addition,
the value of BET surface area of thermally activated anthill
obtained in this present study could be said to be rela-
tively large when compared with wood shaving bottom ash
(21.60 m2/g) (Leechart et al. 2009) and activated rice husk
fly ash (39.0 m?/g) (Aworn et al. 2008). Meanwhile, the

Table 1 Textural properties of activated anthill

Property Value
Specific surface area (m%/g) 48.12
Total pore volume (cm®/g) 0.0227
Average pore diameter A) 12.46

* @ Springer

high BET surface area obtained for activated anthill is due
to the removal of volatile components and attached gases
which block the available pores for adsorption (Yusuff et al.
2017). This is achieved at higher calcination temperature as
affirmed by SEM image of activated anthill (Fig. 1a). The
average pore diameter of the activated anthill as can be seen
in Table 1 is 12.46 A. Therefore, this value indicates that
the as-synthesized thermally activated anthill can be clas-
sified as mesoporous material because its pore diameter is
between 2 and 50 A.

Scanning electron microscope (SEM)

Figure 1la, b displays the SEM images and EDX spectra of
the anthill adsorbent before and after loading of dye, respec-
tively. Figure 1a reveals that the activated anthill has unde-
fined surface with different layer of pores through which
dye could percolate. However, the SEM image of the anthill
adsorbent loaded with dye (Fig. 1b) showed that the adsor-
bent structure changed and the pores seen on its surface
before adsorption were blocked. By comparing EDX result
of the as-synthesized adsorbent before and after adsorption,
there was increase in compositions of carbon (C) from 4.4
to 7.9 wt% and sodium (Na) from 2.6 to 2.9 wt%, which are
the main components of Congo red. This indicates that CR is
adsorbed onto the activated anthill. Meanwhile, the decrease
in compositions of silicon (Si) and oxygen (O) implies that
silica (Si0,) is one of the active ingredients in the adsorbent.
This observation was also affirmed by Fisli et al. (2017)
who reported that the silica (SiO,) could serve as an adsor-
bent, while its presence in composites plays a key role in the
adsorption process.

Fourier transform infrared spectroscopy (FTIR)

Figure 2 and Table 2 display the FTIR spectra of the pre-
pared adsorbent before and after loading of dye. There were
shift in peaks and formation of new peaks after adsorption
process. The change observed in the spectra is as a result of
involvement of surface functional groups during the adsorp-
tion of CR on anthill.

Statistical analysis of experimental data

The removal of CR from aqueous solution by anthill via
adsorption process was carried out using a 2X factorial
experimental design as shown in Table 3. Sixteen experi-
mental runs were conducted at different levels of process
variables studied. It was revealed that run 1 which was
conducted at 50 mg/L initial concentration, 120 min con-
tact time, 0.5 g adsorbent dosage and pH of 4 resulted in
98.87% of CR removal. However, the lowest percent-
age removal of 49.9% was provided by run 4, which was
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Fig.1 SEM-EDX images of
as-synthesized anthill adsorbent
a before and b after adsorption
of CR
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Fig.2 FTIR spectra of anthill adsorbent a before CR adsorption and
b after CR adsorption

conducted at 50 mg/L initial CR concentration, con-
tact time of 30 min, adsorbent dosage of 0.3 g and pH
of 9. These results indicate that in order to obtain high-
est percentage removal of adsorbate, an acidic solution
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containing 50 mg/L of CR would be treated with 0.5 g
dose of treated anthill for 120 min. More so, next to the
run 1 in terms of percentage removal of adsorbate is run
16 which resulted in 90.88% of CR uptake. This run was
conducted using 0.5 g dose of anthill to adsorb CR from
acidic solution for contact time of 120 min. Comparing
runs 1 and 16, it can be concluded that higher adsorbent
dosage, higher contact time and acidic solution containing
adsorbate regardless its concentration favour CR uptake.
The regression model equation which correlates the per-
centage removal of CR and the process variables (C, ¢, d
and p) studied in terms of coded factor is given in Eq. (11).

Y = 68.26 — 0.03C + 6.83 + 8.42d — 6.03p — 3.8Ct
+2.11Cd+0.8Cp + 1.85td — 0.87tp — 1.87dp L)

where C, t, d and p are the initial CR concentration, contact
time, adsorbent dosage and pH, respectively. These are the
main effects, while Ct, Cd, Cp, td, tp and dp represent inter-
action effects.

* @ Springer
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Table 2 FTIR of anthill

IR band Wavenumber (cm™!) Assignment/vibration mode

adsorbent
Before adsorption After adsorption

1 3752.23 3757.00 Si—OH (Silanol) vibration

2 3445.00 3436.00 O-H stretching of adsorbed water

3 2927.76 2926.54 Two bands for -CH, groups

4 - 2859.80 C-H symmetric stretching

5 2375.83 2374.66 C=C stretching vibration

6 1997.76 2000.00 C=C asymmetric stretch

7 1877.00 1878.21 C=O0 stretching

8 1631.73 1630.66 OH deformation of water

9 1056.00 1054.09 Al-Al-OH stretching

10 780.48 778.34 Al-Mg—OH vibration of clay sheet

11 685.36 683.13 C-O-H twist

12 451.65 451.36 Si—O-Al vibration of anthill clay

13 413.47 - Si—O bending
Table3 2* ‘Factoria‘l design for Run Concentration, Contact time, ¢ Adsorbent dos- pH, p Percentage Congo
process variables Wlth Congo C (mg/L) (min) age, d (g) removal (%) red uptake
red adsorbed on anthill (mg/g)

1 50 120 0.5 4 98.87 19.77

2 50 120 0.3 4 75.47 25.14

3 300 120 0.3 4 62.76 125.52

4 50 30 0.3 9 49.9 16.63

5 300 30 0.3 4 58.37 116.74

6 50 30 0.3 4 59.40 19.80

7 300 30 0.3 9 51.77 103.54

8 300 120 0.5 9 73.50 88.20

9 50 30 0.5 9 54.62 10.92

10 300 120 0.3 9 57.91 115.82

11 50 120 0.3 9 63.17 21.06

12 50 30 0.5 4 66.75 13.35

13 300 30 0.5 4 81.82 98.18

14 50 120 0.5 9 78.21 15.64

15 300 30 0.5 9 68.82 82.58

16 300 120 0.5 4 90.88 109.06

Analysis of variance (ANOVA) for CR uptake

The fitness of the developed model was examined using
ANOVA. Table SM2 presents the results of the ANOVA
analysis for 2" factorial design. The model F-value of 95.52
with a probability value (prob > F) of 0.0104 confirms the
fitness of the model. Additionally, three of the linear terms
(t, d and p) and three of the interactive terms (Ct, Cd and
td) are the significant terms of the model. This is because
they have p values less than 0.0500. However, the value of
correlation coefficient (Rz) was found to be 0.9984, which
indicates that the model accounts for 99.84% of the total
variation in the experimental CR uptake.
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Analysis of main effects

The contribution of each of the variables studied to the
adsorption of dye by anthill was investigated, and the results
are presented in Table SM3 and Fig. SM1. It was revealed
that adsorbent dosage contributes the most to the adsorption
process as much as 34.476%. Adsorbent dosage has been
found to affect adsorption process just as is the case with
other process parameters. This can be explained from the
experimental results by selecting runs 1 and 2, runs 4 and
9, runs 8 and 10 or runs 3 and 16. For each of these set
of runs, it was observed that the maximum CR dye uptake
was attained at maximum value of adsorbent dosage (0.5 g)
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compared to that of minimum dosage value (0.3 g) under
the same operating conditions. For instance, runs 8 and 10
exhibited the adsorbent loading effect. It was observed that
at run 8 where 0.5 g anthill was used at 300 mg/L initial
dye concentration, 120 min contact time and medium pH of
9 a removal efficiency of 73.50% was achieved. At run 10,
a removal percentage of 57.91% was achieved at 0.3 g all
other variables remained the same as that of run 8, this is
as a result of high adsorbent loading effect. Similar effects
were also observed among other set of runs earlier stated just
as above. This finding revealed that increasing the adsor-
bent dosage would provide enough adsorption sites for the
adsorbate and also increase the contact between the solute
and adsorbent.

Contact time is the second factor that favours the adsorp-
tion of CR by anthill with percentage contribution of
25.335% as shown in Table SM3 and Fig. SM1. In this pre-
sent study, two different contact times (30 min and 120 min)
were considered and maximum contact time was found to
have a positive effect on CR uptake as confirmed in most of
the runs. It was observed that at the maximum contact time
(120 min), the removal percentages of CR dye were mostly
above those recorded at the minimum contact time (30 min).
For example, 98.87% of dye was adsorbed after experimental
run (run 1) at 120 min, 50 mg/L initial dye concentration,
0.5 g adsorbent dosage and pH of 4. Although, initial con-
centration of dye was at minimum value and adsorbent dos-
age was at its maximum, it can be deduced that contact time
has a great influence in batch adsorption study since an iden-
tical run (run 12) that proceeded at 30 min with other vari-
ables being the same as run 1, resulted in a 66.75% removal
efficiency which is relatively low. Moreover, it was observed
that the maximum loading capacity of anthill was attained
at maximum value of contact time than those at minimum.
This observation is attributed to the fact that the adsorption
capacity of dye on anthill increased with increasing contact
time until equilibrium was attained (Chiban et al. 2009).

From both the effect list and Pareto chart shown in Table
SM3 and Fig. SM1, respectively, it was found that pH was
ranked as third among the factors that contributes signifi-
cantly to the adsorption of CR as much as 19.709%. Since
initial pH of wastewater or aqueous solution has impact on
the surface characteristics as well as the degree of ionization
of the dye molecules (Sahu 2015), it becomes imperative to
investigate the effect of pH on the adsorption. This can be
explained from the experimental results (Table 3), where pH
4 and 9 were studied, the lower pH was observed to exhibit
positive effect on removal percentage and loading capacity
of anthill as confirmed in some of the runs like run 1, 2, 3, 5,
6, 12, 13 and 16. This shows that lower pH enhanced adsorp-
tion of CR onto anthill. The same finding was reported for
the adsorption of CR onto orange peel (Sahu 2015). The
maximum loading capacity of anthill and removal efficiency

of CR dye attained at lower pH might be attributed to the
interactions between the dye molecules and the active sites
on the anthill adsorbent (Chiban et al. 2009). In particular,
silica surface is acidic in nature, which can form surface
silanol (SiOH) groups when it reacts with water. In this
regard, at low pH the silica surface is positively charged
and negatively charged at high pH (Mohapatra et al. 2009).

Initial CR concentration contributes the least to the
adsorption of dye onto anthill as low as 0.00066% accord-
ing to the effect list and Pareto chart of effect presented
in Table SM3 and Fig. SM1, respectively. It was noticed
that CR uptake increased when initial dye concentration
increased from 50 to 300 mg/L as shown in Table 3. For
example, 19.77 mg/g (run 1) and 109.06 mg/g (run 16) were
obtained as CR uptakes when the initial dye concentrations
were 50 mg/L and 300 mg/L, respectively, at the same con-
tact time of 120 min, adsorbent dosage of 0.5 g and pH
of 4. This finding showed that loading capacity of anthill
increased with an increase initial dye concentration and
also affirmed the fact that the initial contaminant concen-
tration is one of determining factors in adsorption process.
Meanwhile, reverse trend was recorded in case of the dye
removal percentage. It decreased from 98.87% (run 1) for
low level initial concentration to 90.88% (run 16) for high
level initial concentration. Nevertheless, there was no much
difference in the removal percentage of dye considering the
result obtained for minimum and maximum values of initial
dye concentration with other variables being the same as ear-
lier stated. The result obtained herein indicates that there is
availability of same adsorption surface sites of anthill for the
increasing initial dye concentration that resulted in the satu-
ration of active bonding sites on the adsorbent (Mohamed
et al. 2016). However, anthill exhibited a better performance
in removing dye from wastewater as it shows high adsorp-
tion capacity.

Adsorption equilibrium isotherms

The equilibrium adsorption data analysis was studied by
applying the two-parameter adsorption model, namely
Langmuir and Freundlich isotherm. The isotherm model
that described the experimental data more accurately was
selected based on value of correlation coefficient (R%). The
closer the R? value to unity, the more accurate the experi-
mental data are described by the model

The linear plot of% against C, which can be found in

supplementary material (Fig. SM2) provided a slope of

1 1
(qmux > and < Imaxh )

@inaxs b and R* were obtained and presented in Table 5. The
R? value (0.9539) indicates that the experimental data
could not be accurately predicted by the Langmuir

as intercept through which the values of

a
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Table 4 Constants of Langmuir

o Isotherm Value

and Freundlich isotherms for

CR adsorption by Anthill Langmuir
Grnax (Mg/Q) 714.29
b (L/mg) 0.00128
R? 0.9539
Ry 0.7227
Freundlich

kg (mg/g(Limg)'™y  1.24
n 1.11
R? 0.9999

2 m
+ 50 mg/L
7;'; 1.5 4 100 mg/L
(]
g . + 150 mg/L
&
= « 200 mg/L
0.5
250 mg/L
O T T T T T . 1
0 20 40 60 80 100 120 >00me/t

t (min)

Fig. 3 Pseudo-first-order kinetics for adsorption of CR onto anthill
(pH=4.0; contact time =120 min; adsorbent dosage =0.5 g; tempera-
ture =35 °C)

isotherm. However, the value of R| (0.7227) at 35 °C
obtained in this study implied that the adsorption of CR
dye onto anthill was favourable.

The Freundlich model parameters (kp and n) which cor-
respond to intercept and slope of the plot of log g, ver-
sus log C, (Fig. SM3) were determined and presented in
Table 4. The R? value (0.9999) is greater than value of
R? obtained in the case of Langmuir isotherm. This indi-
cates that the experimental data are better described by
the Freundlich isotherm, thus indicating that anthill would
provide multilayer and heterogeneous adsorption sites. A
similar result has been reported for removal of CR by zeo-
lite (Vimonses et al. 2009) and adsorption of CR onto
bottom ash (Saleh et al. 2012). In addition, Freundlich

exponent value (n> 1) is an indication that the adsorption
of CR on anthill is favourable.

Meanwhile, the anthill was found to exhibit a very high
adsorption capacity of 714.29 mg/g (Table 4). This implies
that it could be used as a promising adsorbent for the
removal of dye of any kinds from wastewater, especially
when compared with previously used adsorbents such as
kaolin (5.44 mg/g) (Vimonses et al. 2009), montmorillon-
ite (12.70 mg/g) (Wang and Wang 2007) and Ca-bentonite
(107.41 mg/g) (Lian et al. 2009).

Adsorption kinetic

By plotting log(q, — g,) against ¢ (Fig. 3), the pseudo-
first-order parameters are determined and summarized
in Table 5. The R? values obtained for all the adsorbate
concentrations studied are generally lower than 0.950 as
shown in Table 5. This indicates that the experimental
results were not well fitted to the pseudo-first-order kinetic
model. Similar trends were reported by many researchers
(Abbas and Trari 2015; Khaniabadi et al. 2017). Therefore,
pseudo-second-order model was applied to analyse further
the kinetic behaviour of the adsorption of CR onto anthill.

The values of pseudo-second-order model parameters
(¢. and k,) were evaluated from the plot of #/q, versus
t shown in Fig. 4, and the results are also presented in
Table 5. The values of coefficients of correlation (R?) at
various adsorbate concentrations were in the range of
0.9973-1.00 and high compared to those of pseudo-first-
order model. The obtained results indicate that the adsorp-
tion of dye onto anthill could be well predicted by the
pseudo-second-order model. Additionally, high linearity
of Fig. 4 indicates that pseudo-order kinetic model cor-
responds to chemisorption as a rate determining step and
it can be deduced that the role of the chemisorption in
the rate controlling step cannot be ignored (Kamaraj et al.
2013). Furthermore, the rate of adsorption (%) was found
to be higher at the initial CR concentration of 50 mg/L as
can be seen in Table 5. This result indicates that at the low-
est adsorbate concentration, the mass transfer of CR onto
the surface of the anthill adsorbent was rapid.

Table 5 Kinetic models and

Pseudo-second-order

Intraparticle diffusion

k, (g/mg min)

h(mg g 'min~!) R? kp (mg/g min®)  R?

. C, (mg/L) Pseudo-first-order
parameters of adsorption of
Congo red onto anthill ky (min™")  R?
50 0.0265 0.949
100 0.0293 0.905
150 0.0311 0.869
200 0.0322 0.842
250 0.0332 0.822
300 0.0345 0.808

0.0023 2.586 0.999 1.641 0.957
0.0003 1.400 1.000  4.036 0.997
0.0001 1.039 1.000  5.998 0.998
4.0E-05 0.755 1.000  7.881 0.998
5.9E-05 1.638 0.999  9.818 0.998
5.85E-05 2.341 1.000 12.42 0.996
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Fig.4 Pseudo-second-order kinetic for adsorption of CR onto anthill
(pH=4.0; contact time =120 min; adsorbent dosage=0.5 g; tempera-
ture =35 °C)

In order to further investigate the kinetic data obtained
at different adsorbate concentrations and also evaluate the
diffusion mechanism, the intraparticle diffusion model was
employed. The plot of g, versus #'/2 (the plot is not given)
gave a straight line at different adsorbate concentrations
from which k, and R* were evaluated. The computed values
for intraparticle diffusion rate constant, kp, (mg/g min®>) and
R? are also presented in Table 5. In this case, the intraparticle
diffusion model cannot be regarded as rate-limiting step,
because R? values for intraparticle model are smaller than
those of pseudo-second-order kinetic model as can be seen
in Table 5. However, the plots (g, versus t'/2) were linear
and this is an indication that intraparticle diffusion played
a key role in the adsorption of dye onto activated anthill.
In addition, it is evidence that both surface adsorption and
intraparticle diffusion participated in the rate-limiting step
(Lim and Lee 2015).

Conclusion

The adsorption capacity of anthill has been investigated and
results revealed its potential as a naturally occurring and
cheap adsorbent for removing basic dye from aqueous solu-
tion. Detailed studies on the effects of adsorption process
parameters on CR uptake showed that the adsorbent dosage
contributed massively to the adsorption of dye by anthill
as much as 38.48%, while the initial dye concentration had
the least contribution to the process as low as 0.00066%.
Analysis of variance (ANOVA) showed a high coefficient of
determination (R? = 0.9984 and Adj — R = 0.9879), thus
indicating the significance of the model. The studied fur-
ther showed that the optimized factor combination of 0.5 g
adsorbent dosage, 120 min contact time, solution pH of 4
and 50 mg/L initial dye concentration resulted in maximum
adsorption of CR. Equilibrium data obtained were well
predicted by Freundlich isotherm model with the value of
Freundlich exponent (n=1.11) indicating favourable pro-
cess. Pseudo-second-order kinetic model was found to be

best fitted with the experimental data. Therefore, it can be
concluded that thermally activated anthill is effective for the
removal of anionic dye from aqueous solution. Meanwhile,
on the accord of the highest removal efficiency obtained,
calcination of anthill sample at 900 °C for 2 h is assumed
as the best preparation conditions and thus should be used
for the separation of anionic dye from natural wastewater or
industrial effluents.
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