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Effectiveness of termite hill as an economic adsorbent

for the adsorption of alizarin red dye
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ABSTRACT
The adsorption of alizarin red (AR) dye onto termite hill sample (THs) was investigated. Prior to the

adsorption studies, the elemental, morphological, surface and structural properties of THs were

examined by modern analytical methods. Instrumental analysis showed that the homogenous micro-

structured THs are comprised of iron oxide, silica oxide, and alumina as major components.

Experiments showed that the adsorption capacity of AR decreases with increasing pH and initial AR

concentrations, and increases with increasing contact time, stirring speed and temperature.

The equilibrium study obeyed the Langmuir adsorption model and the kinetics followed the pseudo-

second-order model. About 95.0% AR reduction (1.425 mg/g) was achieved when 0.8 g of THs was

mixed with 30 mL of 40 mg/L AR solution for 120 min at 400 rpm and a pH of 2. Thermodynamic

study suggested that AR adsorption onto THs is spontaneous at higher temperatures of 323 K and

above (ΔGo values are negative). However, ΔGo are positive at lower temperatures of 293–313 K,

which implies that the adsorption process is not spontaneous at these temperatures. This study

showed that THs could be used as alternative, low-cost, natural adsorbents for the removal of dyes

from wastewater.
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INTRODUCTION
In numerous industries, such as cosmetics, textiles, cotton,

paper, plastics, leather, pharmaceuticals and food, dyes are

used to colour the products (Afkhami & Moosavi ).

Consequently, large amounts of coloured wastewater are

generated. The presence of dyes in wastewaters raises tre-

mendous concerns: the presence of dyes in water, even at

very low concentration, might lead to reduction in the
aesthetic value of water. The degradation by-products of

some organic dyes are potentially toxic, carcinogenic, muta-

genic and allergenic to marine life (Chung & Cerniglia ).

Besides, the presence of these dyes in the environment may

lead to collapse of some dyeing industries due to non-com-

pliance with quality standards specified by the ISO 14000

certification. Alizarin is an anthraquinone originally derived

from the root of the madder plant (Ghaedi et al. ). Syn-

thetic dyes, such as Alizarin Red S (AR-S), belong to the

most durable dyes; they cannot be completely degraded

by general chemical, physical and biological processes
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Figure 1 | Alizarin red dye.
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(Gautam et al. ). This is attributed to their complex aro-

matic structures, which give them physicochemical, thermal

and optical stability. Different methods such as adsorption,

coagulation, advanced oxidation, and membrane separation

are used in the removal of dyes from wastewater (Gupta

).

Adsorption techniques have been a focus of significant

research in recent years owing to their simplicity and high

efficiency, as well as the availability of a wide range of adsor-

bents (Afkhami et al. ; Afkhami et al. ). Adsorbents

such as activated carbon, zeolites, clay, nano-oxides and

agricultural waste have been tested and used for the removal

of dyes from polluted water (Allen et al. ; Crini ;

Chakraborty et al. ; Ayanda et al. ; Amodu et al.

). Jadhava et al.  studied the adsorption of AR-S

onto nanocrystalline Cu0.5Zn0.5Ce3O5, and reported that

the adsorption isotherms agreed with the Langmuir and

Freundlich isotherm models, and that approximately

83.0% of AR-S was removed at lower temperature.

Ramesh et al. () studied the adsorption of AR dye onto

calcium hydroxide as low-cost adsorbent. It was reported

that calcium ions have very strong affinity and bind effec-

tively to AR dye during staining of biomaterials. The

authors also reported that the adsorption of AR dye on cal-

cium hydroxide is endothermic and occurs spontaneously.

It was stated that the adsorption process is effective at pH

12 (60 �C) and the kinetic parameters indicate that the

adsorption phenomena is of monolayer type and fit well

the pseudo-second-order rate equation.

Abdus-salam & Buhari () studied the adsorption of

AR dye onto activated carbon from mango seed; the adsorp-

tion of AR dye was described as rapid for the first 15 min of

agitation with 86.90% removal, and the adsorption equili-

brium was achieved in 90 min of agitation with 90.44%

AR dye removal. The adsorption data fitted well to

the pseudo-second-order kinetic models and Langmuir

isotherm.

Furthermore, Ghaedi et al.  used multi-walled

carbon nanotubes as adsorbents for the kinetic and equili-

brium study of the removal of AR-S. The use of activated

carbon, nanomaterials and composites for the treatment of

wastewater is relatively expensive when compared with

natural adsorbents or wastes. Therefore, the exploration of

readily available natural adsorbents that will effectively
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remediate wastewater with or without the initial treatment

processes is necessary.

Termites are insects belonging to the Isoptera order,

with around 2,800 species known worldwide (Araujo et al.

). Termite hills (THs) are built by mound-building

termites that significantly modify the physicochemical

properties of soil and have the ability to alter the mineralogy

of the soil ( Jouquet et al. ; Semhi et al. ). THs are

built with soil particles and termite saliva in varying pro-

portions and may reach up to 8 m in height and 15 m in

width. They are ubiquitous and have been found to be rich

in organic matter, silica and minerals such as iron and alu-

minium, etc. (Abe & Wakatsuki ; Abdus-Salam &

Itiola ).

Extensive literature survey has shown the use of THs as

natural adsorbent for the removal of heavy metals such as

chromium, arsenic and excess fluoride in different environ-

mental media (Araujo et al. ; Fufa et al. ; Fufa

et al. ). However, THs have not been investigated for

the removal of AR dye. In this report, we present the charac-

terization of THs and their use as an alternative, low-cost

natural adsorbent for the removal of AR dye from aqueous

solution.
MATERIALS AND METHODS

Chemicals, termite hill samples, and instrumentation

AR (Figure 1) was purchased from PS Park Scientific Lim-

ited, Northampton, UK. Stock solution containing

1,000 mg/L AR dye was prepared by dissolving 1.0 g of AR

dye in 1,000 mL of deionized water, and stored in the dark

at 4 �C. Working solutions were prepared daily using serial

dilution. The TH sample was mined at Oye-Ekiti, Ekiti
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State, Nigeria. The sample was air-dried in the laboratory at

room temperature. The sample was placed in an oven at

60 �C for 3 hr before crushing and grinding in a mortar. It

was sieved with a mesh of 0.5 mm pore size. The ash con-

tent, moisture content and the pH of the sample (in 50 mL

distilled water) were carried out and reported elsewhere

(Ayanda et al. ).

The elemental analysis of THs was determined

qualitatively by the use of energy dispersive spectroscopy

(EDS) attached to a scanning electron microscope (SEM;

Nova Nano SEM 230); SEM and a transmission electron

microscope (TEM; FEI Tecnai G2 20) was used for the

morphological studies; XRF analysis was carried out by

the Skyray Instrument EDX3600B X-ray fluorescence

spectrometer; while attenuated-total-reflection–Fourier-

transform-infrared spectroscopy (ATR–FTIR) was used for

clarification of the structural properties of THs. The Bru-

nauer, Emmett and Teller (BET) surface area of THs was

obtained by the use of a TriStar 3,000 analyzer with N2

adsorption at �196 �C. THs samples were first degassed at

200 �C for 4 h prior to the analysis.

Adsorption procedure

To investigate the effect of THs dosage, a range of THs

(0.125–1.5 g) were mixed in a conical flask with 30 mL of

40 mg/L AR dye and stirred with a magnetic stirrer at

200 rpm for 20 min. For the effect of the initial concen-

tration, 30 mL sample solutions of AR dye with

concentrations ranging from 20 to 200 mg/L were mixed

with 0.8 g THs in a conical flask and stirred at 200 rpm for

20 min. The data obtained on the effect of initial AR concen-

tration were used for the equilibrium studies. To examine

the effect of contact time, 0.8 g THs was mixed with

30 mL of 40 mg/L AR dye solution in a conical flask and

stirred for different contact times ranging from 20 to

120 min at 200 rpm. The data obtained on the effect of con-

tact time were used for the kinetic studies. The effect of pH

was considered by the addition of 30 mL of 40 mg/L AR dye

solutions into a conical flask with the pH adjusted with

0.01 M HCl and NaOH at pH values ranging from 2 to

12; 0.8 g of THs was added and stirred for 20 min at

200 rpm. Moreover, samples of 0.8 g THs were agitated

with 30 mL of 40 mg/L AR dye solution and placed in a
://iwaponline.com/jwrd/article-pdf/9/1/83/523048/jwrd0090083.pdf
conical flask for 20 min at 200 rpm to study the effect of

temperature; the temperatures considered ranged

from 293 K to 338 K. The data obtained on the effect of

temperature were used for the thermodynamic studies.

Lastly, to study the effect of stirring speed, 30 mL solution

of 40 mg/L AR dye and a constant 0.8 g THs were placed

in a conical flask and stirred for 20 min. A range of stirring

speeds (100–400 rpm) was investigated.

After each of the experiments, an aliquot was withdrawn

and a UV/visible spectrophotometer was used to determine

the concentration of AR (λmax¼ 450 nm). The percentage

AR dye removal was calculated with Equation (1) and the

amount of AR dye adsorbed (qe; mg of AR dye per g THs)

was calculated using Equation (2).

% Removal ¼ Co � Ce

Co
× 100 (1)

qe ¼ Co � Ce

W
× V (2)

where Co and Ce (mg/L) are the initial and equilibrium con-

centrations of the AR dye solution, respectively, V (mL) is

the volume of the solution and W (g) is the mass of

THs used.
Kinetic, equilibrium and thermodynamics models

The linearized form of the pseudo-first- and pseudo-second-

order kinetic models are presented in Equations (3) and (4),

respectively.

log10 (qe � qt) ¼ log qe þ k1

2:303
t (3)

t
qt

¼ 1
k2q2e

þ t
qe

(4)

where qe is the equilibrium amount of AR dye adsorbed per

unit mass of THs (mg/g), qt is the amount of AR dye

adsorbed per unit mass of THs at time t (mg/g), k1 and k2
are the pseudo-first- and pseudo-second-order adsorption

rate constants, respectively, and t is time (min).

For the adsorption process obeying the pseudo-first-

order kinetic model, a plot of log10 (qe � qt) against t will



86 O. S. Ayanda et al. | Economic adsorbent for the adsorption of alizarin red dye Journal of Water Reuse and Desalination | 09.1 | 2019

Downloaded fr
by guest
on 16 August 2
give a straight line graph with the qe (mg/g) and k1
obtained from the intercept and slope of the graph

(Equation (3)), respectively. However, a straight line

graph of a plot of t/qt against time t (Equation (4)) is an

indication that the adsorption process follows the

pseudo-second-order kinetic model, and k2 and qe (mg/g)

are calculated from the intercept and slope of the plot,

respectively.

The linearized form of the Langmuir () and Freun-

dlich () models are presented in Equations (5) and (6),

respectively.

1
qe

¼ 1
qm KL

:
1
Ce

þ 1
qm

(5)

log10 qe ¼ log10 KF þ 1
n
log 10Ce (6)

where Ce, qe, qm and n are the equilibrium concentration of

AR dye solution (mg/L), amount of AR dye adsorbed per

unit mass of THs (mg/g), maximum amount of AR dye

adsorbed per unit mass of THs (mg/g) and Freundlich

model constant indicating intensity of adsorption, respect-

ively. KL and KF are the Langmuir constant representing

energy of adsorption (L/mg) and the Freundlich constant

(mg/g (L/mg)1/n), respectively.

A plot of Ce/qe against Ce will be linear for an adsorp-

tion process obeying the Langmuir model with qm and KL

calculated from the slope and intercept, respectively. The

main features of the Langmuir isotherm are usually

expressed by the dimensionless separation factor (RL)

given as Equation (7). An isotherm is favourable if 0<

RL< 1; unfavourable if RL< 1; linear if RL¼ 1 and irre-

versible if RL¼ 0.

RL ¼ 1
1þ kLCo

(7)

Conversely, for an adsorption process obeying the

Freundlich isotherm, the plot of log10 qe against log10 Ce

will be linear with KF and n obtained from the intercept

and slope, respectively. A value of n between 1 and 10 indi-

cates a favourable adsorption process.

The standard free energy (ΔGo), enthalpy (ΔHo) and

entropy (ΔSo) changes were calculated from thermodynamic
om http://iwaponline.com/jwrd/article-pdf/9/1/83/523048/jwrd0090083.pdf
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equations presented in Equations (8)–(10) (see Ayanda et al.

).

ΔG0 ¼ �RT lnK (8)

K ¼ Co � Ce

Ce
(9)

logK ¼ ΔSo

2:303R
� ΔHo

2:303RT
(10)

where Co�Ce is the amount of the AR dye adsorbed per

litre, Ce is the equilibrium concentration of solution

in mg/L, T is temperature in Kelvin (K), R is the ideal gas

constant (8.314 J/mol/K) and K is the thermodynamic equi-

librium constant. A plot of logK against 1/T gave ΔHo and

ΔSo from the slope and intercept of Equation (10),

respectively.
RESULTS AND DISCUSSION

SEM and TEM analyses of THs

A homogeneous microstructure of THs by SEM is presented

in Figure 2(a). According to Millogo et al. (), THs consist

of a homogeneous microstructure of big quartz grains con-

nected by irregular kaolinite particles. Moreover, the TEM

image (Figure 2(b)) showed that THs consist of crystalline

sheet-like particles of different shapes. The TEM is sup-

ported by Ganguli et al.  who reported that the TEM

image of THs showed sheet- and rod-like morphology of α-

quartz silica.
Elemental investigation of THs

The EDS spectrum of THs is as shown in Figure 3. The esti-

mated percentage composition of elements in the THs by

EDS is C (20.44± 1.74 wt%), O (59.99± 2.58 wt%), Al

(7.92± 2.55 wt%), and Si (11.66± 3.05 wt%). This method of

analysis is not an accurate analytical technique to quantitatively

determine the chemical composition of samples, thus, the

quantitative elemental composition was carried out by XRF.

It was observed according to the XRF analysis of THs

presented in Table 1 that iron oxide (23.8 wt %) is the



Figure 2 | SEM (a) and TEM (b) images of termite hills.
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most abundant component, followedby silica oxide (20.6 wt%)

and alumina (14.4 wt %). The compositions of Fe, Si, and Al

sum up to 58.83 wt%; Mg, As, Au, Ag and Cd were absent.

The highest percentage of Fe in THs might be due to the

presence of montmorillonite clay minerals (Wanyika et al.

), moreover, the presence of Fe might explain the red-

dish-brown colouration of THs. The mineral phases of the

THs as verified by X-ray diffraction (Ayanda et al. )

are kaolinite and quartz.
FTIR examination

As shown in Figure 4, the wavenumbers 3,620.51 cm�1 and

3,693.04 cm�1 are typical absorption bands for kaolin

(Saikia & Parthasarathy ). The band at 3,620.51 cm�1

shows the presence of inner hydroxyls in the THs while
Figure 3 | EDS spectrum of termite hills.

://iwaponline.com/jwrd/article-pdf/9/1/83/523048/jwrd0090083.pdf
the bands at 3,693.04 cm�1 could be assigned to Al–OH or

Si–OH stretching. Bands at 1,002.85 cm�1 and

910.49 cm�1 could be assigned to Si–O stretching, the wave-

numbers 752.07 cm�1 and 792.41 cm�1 shows the presence

of Si–O quartz, whereas the band at 683.91 cm�1 could be

assigned to Si–O–Si bending in the THs.

The BET surface area of THs was recorded as

35.36 m2/g; this is higher than the surface area of the uncal-

cinated THs (28.40 m2/g) reported by Fufa (). The

difference in the surface area might be due to differences

in the sizes of the THs particles resulting from different

methods of sample preparation. As expected, the BET sur-

face area of treated or calcined THs will be higher.
Adsorption results

Effect of adsorbent dosage and initial concentration

The results of the effect of THs dosage on the adsorption of

40 mg/L AR dye are shown in Figure 5. The results showed

that an increase of the THs dosage from 0.125 g to 0.5 g

increases the percentage of AR dye removal from 22.5% to

45.0% at a contact time of 20 min. The increase in the per-

centage of the removed AR dye might be due to increase

in the number of active sites of the THs as the dose

increases. Equilibration was attained at 0.8–1.0 g, after

which the percentage of AR dye removed slightly decreased.

The trend of the graph is similar to the results obtained by



Table 1 | Chemical composition of termite hills

Element Content (wt%)

Mg 0.0000

Al 14.4332

Si 20.6140

P 0.1474

S 0.3106

K 0.7585

Ca 0.1074

Ti 0.7040

V 0.0260

Cr 0.0272

Mn 0.1389

Co 0.2622

Fe 23.7794

Ni 0.0762

Cu 0.0499

Zn 0.0876

As 0.0000

Pb 0.0127

W 0.0305

Au 0.0000

Ag 0.0000

Rb 0.0128

Nb 0.0068

Mo 0.2055

Cd 0.0000

Sn 0.8308

Sb 0.7187

Figure 4 | FTIR spectrum of termite hills.

Figure 5 | Effect of termite hills dosage on the adsorption of alizarin red dye.
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Sujitha & Ravindhranath () and the maximum percen-

tage removal (45.0%) makes 0.8 g and 1.0 g as a potential

usage in the experiment, but 0.8 g was preferred due to

low consumption of THs.

The effect of initial AR concentration on the adsorption of

AR dye onto THs is as presented in Figure 6. The figure shows

that the percentage removal of AR dye decreases as the initial

concentration increases; approximately 55.0%ARdye removal

was achieved by mixing 30 mL of 20 mg/L AR dye with 0.8 g

THs for 20 min at 200 rpm, whereas 17.0% was achieved for

200 mg/L AR dye solution. This implies that the adsorption

process depends on the initial dye concentration. At lower

initial concentrations, the concentration of the dye provides

the necessary driving force to overcome the resistance to

the mass transfer of the dye molecules between the aqueous

phase and the solid phase. This enhances the uptake of AR

dye molecule from the aqueous phase onto the THs. There

was a decrease in the percentage of AR dye removal since
Figure 6 | Effect of initial concentration on the adsorption of alizarin red dye onto termite

hills.



Figure 8 | Effect of temperature on the adsorption of alizarin red dye onto termite hills.
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the adsorption was carried out against a fixed number of

active sites (Sujitha & Ravindhranath, ).

Effect of pH and temperature on AR dye adsorption

It was observed from Figure 7 that the percentage of AR dye

removal also decreases with increase in the pH of the sol-

ution. About 60.0% removal was possible at pH 2,

decreasing to about 30.0% at pH 12. Thus, it could be

inferred that acidic conditions favour the adsorption of AR

dye onto THs. AR dye is yellowish in colour under acidic

conditions and looks clearer when treated with THs. This

behaviour could be attributed to the anionic nature of the

AR dye. As the pH decreases, the surface of the THs is posi-

tively charged and subsequently the surface has affinity

towards negatively charged species of the AR dye.

The effect of temperature on AR dye adsorption onto

THs was studied at temperatures ranging from 293 K to

339 K. It was observed that the higher removal due to increas-

ing temperature (Figure 8) may be attributed to an increase in

the mobility of the AR dye molecules. The increase in the per-

centage of AR dye adsorbed from 37.5% to 57.5% with

increasing temperature may suggest an increasing accessibil-

ity of the AR dye molecules to the THs active sites. Thus,

the adsorption process is endothermic.

Effect of contact time and stirring speed on AR dye
adsorption

It was observed from Figure 9 that the percentage removal

of the AR dye increases from 45.0% (0.68 mg/g) to 60.0%

(0.90 mg/g) with increase in the contact time from 20 min
Figure 7 | Effect of pH on the adsorption of alizarin red dye onto termite hills.

://iwaponline.com/jwrd/article-pdf/9/1/83/523048/jwrd0090083.pdf
to 120 min, respectively. This is supported by Ramesh

et al. () who reported that the adsorption equilibrium

of AR dye onto calcium hydroxide was attained after

120 min. This may be attributed to the fact that a larger sur-

face area of the THs is being made available with time for

the adsorption of AR dye molecules. The data obtained on

the effect of contact time play an important role in the analy-

sis of the kinetic study of adsorption.

Figure 10 shows the result of the effect of stirring speed

on the adsorption of AR dye; it was observed that as the stir-

ring speed increases, the percentage removal also increases

from 40.0% to 52.5% at 100 to 400 rpm. This implies that the

speed also plays a vital role on the active site of THs and AR

dye concentration. The trend is similar to the work reported

by Raut et al. ().

Isotherm, kinetic and thermodynamic studies

The Langmuir isotherm is used to determine whether the

adsorption process occurs through a monolayer formation.
Figure 9 | Effect of contact time on the adsorption of alizarin red dye onto termite hills.



Figure 10 | Effect of stirring speed on the adsorption of alizarin red dye onto termite hills.

Figure 11 | Langmuir isotherm of alizarin red dye adsorption onto termite hills.
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The regression coefficient (R2¼ 0.9654) obtained for the

Langmuir plot (Figure 11) confirms that the adsorption pro-

cess matches the Langmuir adsorption model. The Langmuir

monolayer adsorption constant, qm (mg/g) and Langmuir

energy of adsorption constant, KL are presented in Table 2.
Table 2 | Isotherm and kinetic parameters for alizarin red dye adsorption onto termite hills

Isotherm

Langmuir model

qm (mg/g) KL (L/mg) R2

0.0564 34.32 0.9654

Kinetic models

Pseudo-first-order

k1(min�1 ) qe(mg=g) R2

�0.0237 0.5919 0.7916

om http://iwaponline.com/jwrd/article-pdf/9/1/83/523048/jwrd0090083.pdf
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The relation between RL and Co to represent the features

of the Langmuir isotherm for THs is shown in Figure 12.

The RL for the initial AR concentrations are found in the

range 0.00015–0.0015 which suggests a favourable adsorp-

tion of AR dye onto THs under the conditions of the

experiment.

The Freundlich isotherm assumes that the dye uptake

occurs on a heterogeneous surface by multilayer adsorption

and that the amount of the adsorbed adsorbate increases

with an increase in adsorbate concentration. The equili-

brium adsorption plot shows that AR dye adsorption onto

THs does not suit the Freundlich isotherm due to the low

regression coefficient value of 0.8573 (Figure 13). KF and n

obtained are also presented in Table 2.

The pseudo-first-order and pseudo-second-order kinetics

as tested on the adsorption of AR dye onto THs are pre-

sented in Figures 14 and 15, respectively. The adsorption

kinetics followed the pseudo-second-order equation,

having a higher regression coefficient value of 0.9729; this

showed that chemisorption is the main rate limiting step.

Table 2 also presents the calculated kinetic parameters

and regression coefficient.

The van ’t Hoff plot for the adsorption of AR dye onto

THs is as presented in Figure 16. The calculated ΔGo, ΔHo

and ΔSo for the THs are given in Table 3. The negative

value of ΔGo shows that the adsorption process is spon-

taneous at 323 K and above, but non-spontaneous at lower

temperatures of 293 K to 318 K. The positive value of ΔHo

(13.016 kJ/mol) also affirms that the adsorption process is

endothermic.
Freundlich model

KF (mg/g (L/mg)1/n) n R2

0.1634 2.0978 0.8573

Pseudo-second-order

k2(g=mg=min ) qe(mg=g) R2

0.06782 0.9717 0.9729



Figure 12 | Plot of RL versus initial alizarin red dye concentration.

Figure 13 | Freundlich isotherm of alizarin red dye adsorption onto termite hills.

Figure 14 | Pseudo-first-order kinetic plot.

Figure 15 | Pseudo-second-order kinetic plot.

Figure 16 | Van ’t Hoff plot.

Table 3 | Thermodynamic parameters of alizarin red dye adsorption onto termite hills

T (K) ΔHo kJ/mol ΔSo J/mol/K ΔGo J/mol

293 13.016 40.9 1,244.4

298 748.9

303 505.5

308 256.3

313 260.4

318 0.0

323 �214.9

328 �272.9

333 �555.6

338 �849.4
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All optimal conditions were chosen (THs dosage, 0.8 g;

pH 2; contact time, 120 min; stirring speed, 400 rpm) and

applied to the treatment of 40 mg/L AR dye solution at

ambient temperature. The result showed that approximately

95.0% AR dye removal was achieved when 30 mL of

40 mg/L AR dye was contacted with 0.8 g THs for

120 min at pH 2 and stirring speed of 400 rpm. A
://iwaponline.com/jwrd/article-pdf/9/1/83/523048/jwrd0090083.pdf
comparison of the amount of AR dye removed by different

adsorbents is listed in Table 4. The percentage of AR dye

removed by THs demonstrated in this study shows satisfac-

tory performance in comparison with other adsorbents in

the literature.



Table 4 | Comparison of the amount of alizarin red dye removed

Adsorbents Amount of AR removed Reference

Cu0.5Zn0.5Ce3O5 83.0% Jadhava et al. ()

Mango seed activated carbon 90.44% Abdus-Salam & Buhari ()

Activated charcoal 8.97 mg/g Ishaq et al. ()

Walnut shell activated carbon 18.05 mg/g Savran et al. ()

Lantana camara biosorbent 1.17 mg/g Gautam et al. ()

Achyranthes aspera carbon 89% Sujitha & Ravindhranath ()

Chitosan/ZnO nanorods composite 8.01 mg/g Ali & Mohamed ()

Termite hill 95.0% This study
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CONCLUSION

The ability of THs to remove AR dye from simulated AR dye

solution was investigated. The present study has shown that

THs will serve as low-cost adsorbent for the removal of AR

dye from contaminated wastewater. The homogeneous

microstructured THs is comprised of iron oxide, silica

oxide, and alumina, with a BET surface area of 35.36 m2/g.

Experimental results showed that the removal of AR dye

increases with increase in the THs dosage, contact time, stir-

ring speed and temperature, but decreases with increase in

pH and initial AR dye concentrations. The adsorption

obeyed the Langmuir adsorption model, while the adsorp-

tion kinetics followed the pseudo-second-order equation.

The thermodynamic parameters showed that the adsorption

process is endothermic and spontaneous at 323 K and

above. Thus, AR adsorption onto THs has good feasibility

as a process at high temperature. The effectiveness of THs

for the removal of AR dye (95.0% AR removal) may be cred-

ited to the elemental composition of THs, such as the

presence of Fe, Si and Al oxides. The treatment of real dye

wastewater with THs will be carried out in future to com-

pare the results with the simulated dye solution, as the

presence of additives may affect the efficiency of adsorption.
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