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Introduction
Azo dyes released from several textile industries [1], leather industries [2], food industries 

[3], paint [4], and pigment manufacturing [5] industries and at least 100,000 different 
types of dye [6] that are commercially obtainable presently result gloomy influence on the 
environmental systems because of their strong aromatic [7] complex structure. Dyes block 
the perception of sunlight into water bodies due to this complexity which results to decline 
in aquatic-photosynthetic activity and growth of bacteria. Therefore, it can be resistant to 
normal biodegradation. Due to carcinogenic, mutagenic and teratogenic properties as well 
as respiratory toxicity, the most dyes not only demolish aquatic organisms but also anguish 
humans [8]. Therefore, the adsorptive removal of synthetic organic dyestuff from waste 
effluents becomes environmentally important [9]. Eriochrome Black-T is one of the major 
carcinogenic dyes which are extremely devastating to human health. As EBT causes severe eye 
irritation, skin allergic irritation, when ingested, it causes digestive track disorders. Moreover, 
EBT when inhaled can cause respiratory tract disorders leading to cancerous effects. The 
treatment methods including chemical methods, physical methods and biological methods 
were for dye-bearing wastewater [10-15]. Among them, adsorption decolonization is the 
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Abstract
This article reports batch adsorption of Eriochrome Black-T (EBT) dye from an aqueous solution onto NaOH 
Treated Rice Husk (TRH). The morphology of untreated and treated rice husk was studied by Scanning 
Electron Microscopy (SEM). Adsorption of EBT from an aqueous solution onto TRH was demonstrated 
by using Fourier Transform Infrared (FTIR) spectroscopy. The effect of operational parameters on the 
percentage removal of EBT from an aqueous solution and adsorption capacity was investigated in detail. 
The adsorptive removal of EBT from aqueous solution was increased with contact time, mass of TRH 
and temperature while declined with initial concentration of EBT aqueous solution. Similarly, adsorption 
capacity was enhanced from 0.71 to 1.61mg/g, 1.61 to 17.0mg/g and 1.41 to 1.68mg/g with increase in 
contact time, initial concentration of EBT aqueous solution and temperature respectively while decreased 
from 6.17 to 1.61mg/g with increase in mass of TRH. Adsorption kinetic study showed that adsorption of 
EBT onto TRH fitted well to pseudo-second-order kinetics because the value of correlation coefficient (R2= 
0.996) was close to unity. Adsorption isotherms including Langmuir, Freundlich, Dubinin-Radushkevich 
(D-R) and Tempkin were applied to experimental data. Results suggested that experimental data fitted 
well to Freundlich adsorption isotherm. Adsorption thermodynamics study indicated that adsorption 
of EBT onto Treated Rice Husk (TRH) was endothermic process because the value of enthalpy (∆Ho= 
20.57KJ/mol) was positive for it. Moreover, the negative values of Gibb’s free energy indicated that 
adsorption of EBT onto TRH was spontaneous process.

Keywords: Eriochrome Black-T (EBT); Endothermic process; Treated Rice Husk (TRH); Adsorption; 
Pseudo-second-order model
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most utilized method [16]. It has been shown to be one of the most 
promising employed methods for the removal of both inorganic [17] 
and organic pollutants [18] from polluted water. It can be classified 
into physical adsorption and chemical adsorption based on different 
interaction forces between the absorbent and the adsorbate [19]. 
The physical adsorption was resulted by intermolecular force 
(Van der Waals force) [20] while the chemical adsorption was 
resulted by chemical bonding or surface coordination compounds 
by adsorbate molecules and adsorbents by means of ion exchange, 
electron migration and electron pair sharing [21,22]. The activated 
carbon adsorbents and metal and non-metal oxide adsorbents were 
commonly utilized adsorbents. The activated carbon is the most 
exemplary adsorbent. Its adsorption performance is excellent. 
However, the relatively higher price and lower mechanical strength 
are the disadvantages of the activated carbon. Hence, it is of 
great interest to find cheap and potent substitutes of the existing 
commercial activated carbon, including active aluminum molecular 
sieve, polymer adsorbent, silica gel and biological adsorbent and 
so on.

Previously, we used bio adsorbent (leaf powders of different 
plants) [23-26], polymeric ion exchange membranes (both com-
mercial and synthesized anion exchange membranes) [27-30] for 
the removal of dyes from an aqueous solution. Moreover, we also 
employed bio adsorbent (rice husk) for adsorption of heavy metal 
ions from an aqueous solution [31-34]. Herein, we utilized NaOH 
Treated Rice Husk (THR) for adsorptive removal of Eriochrome 
Black-T (EBT) from an aqueous solution at room temperature in or-
der to extend our work. To the best of our knowledge, adsorption 
of EBT onto NaOH Treated Rice Husk (TRH) has not been studied 
yet. As Asian countries are among the world’s major producers of 
rice (5.2 million tons annually) and its husk which forms 20-23% of 
the whole rice grain is considered as unwanted waste material that 
actually poses a disposal problem for mill owners. Its basic com-
position is proteins, cellulose, hemicellulose and lignin, containing 
hydroxyl and carboxyl functional groups available to interact with 
cations [32,34-36]. This research reports the utilization of NaOH 
treated rice husk as an outstanding adsorbent for the removal of 
Eriochrome Black-T (EBT) from an aqueous solution. The effect of 
contact time, mass of treated rice husk, initial concentration of EBT 
aqueous solution and temperature on the removal of EBT and ad-
sorption capacity was investigated. Adsorption kinetics, equilibri-
um and thermodynamics for adsorption of EBT onto treated rice 
husk were discussed in detail.

Experimental
Materials

Eriochrome Black-T (EBT) and Sodium Hydroxide (NaOH) were 
bought from Sinopharm Chemical reagent Co. Ltd, Shanghai, China. 
All the chemicals were utilized as received. Throughout this work, 
deionized water was utilized. Figure 1 represents the chemical 
structure of EBT. The stock solution of 1000mg/L was prepared by 
dissolving 1.0g of accurately weighed dye into 1L of deionized wa-
ter and required concentrations were obtained by further dilution 
of stock solution. All the chemicals used in the experiments were of 
analytical reagent grade. The properties of EBT are given in Table 1.

Figure 1: Chemical structure of Eriochrome black-T.

Table 1: The properties of Eriochrome Black T.

Properties Eriochrome Black T

CAS number 1787-61-7

Molecular Formula C20H12N3O7SNa

Molecular weight (g/mol) 461.38

Groups Sulphonic

Number of anionic groups 1

λ max (nm) 530

Adsorbent

The rice mill, Punjab, Pakistan kindly provided husk of basmati 
rice. The rice husk was thoroughly washed with distilled water to 
withdraw dust particle and oven dried at 80 oC till constant weight 
was obtained. The chemical analysis of husk was carried out by 
using Neutron Activation Analysis (NAA) and Atomic Absorption 
Spectrometry (AAS) methods for their trace metal contents and 
achieved results were reported [31,34]. From these results, it was 
observed that the quantity of metals such as Na, K, Pb and Fe were 
present in μg per g of sample. Silica contents were found to be 18.27 
(0.62%) of TRH [33,34]. The small number of elements in TRH was 
studied via standard methods. 

Modification of rice husk with NaOH

The dried and washed rice husk was treated with 1.0M NaOH 
solution. In a typical procedure, 50g of rice husk was added into 
NaOH solution into a 1.0L beaker. The mixture was stirred vigor-
ously for one day. After that the rice husk was washed with distilled 
water until neutral pH was attained. Then, it was dried in an oven at 
80 oC till constant weight was obtained. It was stored in an airtight 
container and named as treated rice husk.

 Batch adsorption procedure

Herein, batch adsorption of Eriochrome Black T from an aque-
ous solution onto treated rice husk was performed as described in 
literature [23-27,37-43]. In a typical procedure, we prepared an 
aqueous solution of Eriochrome Black T by dissolving the measured 
amount of Eriochrome Black T into deionized water at ambient tem-
perature. The measured amount of treated rice husk was shaken 
into 20mL of EBT aqueous solution at agitation speed of 140rmp. 
To find out the optimized contact time, the measured mass of treat-
ed rice husk was shaken into 20mL of EBT aqueous solution with 
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initial concentration of 20mg/L for different time intervals such as 
20, 24, 48, 72, 96, 168 and 216 hours to determine the optimum 
contact time. The optimized mass of treated rice husk was calcu-
lated by employing varying masses of the treated rice husk such as 
0.04, 0.08, 0.12, 0.16 and 0.20g into 20mL of EBT aqueous solution 
with initial concentration of 20mg/L of EBT for 96 hours at ambient 
temperature. To study adsorption isotherm, the calculated amount 
of treated rice husk (0.20g) was shaken for 96 hours into 20mL of 
EBT aqueous solution with initial concentration of 20, 50, 70, 100, 
150, 200, 250, 300 and 400mg/L at room temperature. Adsorption 
thermodynamics for adsorption of EBT onto treated rice husk was 
investigated by shaking treated rice husk (0.20g) into 20mL of EBT 
aqueous solution with initial concentration of 20mg/L at 298, 313, 
323 and 333K for 96 hours at speed 140rmp. The concentration of 
EBT was calculated by determining the absorbance of the super-
natant at wavelength (λmax.= 530nm for EBT) by employing UV/VIS 
spectrophotometer (UV-2550, SHIMADZU). The plot of wavelength 
versus absorbance for EBT to find out maximum wavelength (λmax.) 
is shown in Figure 2. The concentration of EBT was calculated by 
using calibration curve. The percentage removal of EBT from an 
aqueous solution by treated rice husk and adsorption capacity was 
measured by below relationships:

Re 100 (1)o t

o

C Cmoval
C
−

= ×

(2)o t
t

C Cq V
W
−

= ×

where Co and Ct indicate concentration of EBT at initial state 
and at time t respectively. Similarly, V shows volume of EBT aque-
ous solution and W denotes the mass of treated rice husk respec-
tively.

Figure 2: The plot of wavelength versus absorbance for 
EBT.

Characterization

FTIR test: FTIR spectrometer (Vector 22, Bruker) having res-
olution of 2cm-1 and total spectral range of 4000-400cm-1 was em-
ployed to study TRH before and after adsorption of EBT onto it by 
utilizing Attenuated Total Reflectance (ATR). 

Morphological study: Morphology of untreated and NaOH 
treated rice husk was investigated in detail by using field emission 

scanning electron microscope (FE-SEM, Sirion200, FEI Company, 
USA). 

Effect of operational parameters

Effect of contact time: The influence of contact time on the 
percentage removal of EBT from aqueous solution and adsorption 
capacity was investigated by keeping mass of treated rice husk 
(0.20g), initial concentration of EBT aqueous solution (20mg/L), 
volume of EBT aqueous solution (20mL), pH= 7 and stirring speed 
(140rpm) constant at room temperature.

Effect of mass of TRH: The effect of mass of treated rice husk 
on the percentage removal of EBT and adsorption capacity were 
explored by varying mass of it from 0.04 to 0.20g keeping contact 
time (96h), volume of EBT aqueous solution (20mL), initial concen-
tration of EBT aqueous solution (20mg/L), pH=7 and stirring speed 
(140rpm) constant at room temperature.

Effect of initial concentration of EBT aqueous solution: It 
was studied by changing initial concentration of EBT aqueous solu-
tion from 20 to 400mg/L keeping mass of treated rice husk (0.20g), 
contact time (96h), volume of EBT aqueous solution (20mL), pH=7 
and stirring speed (140rmp) constant at room temperature.

Effect of temperature: It was elucidated by changing tempera-
ture from 298 to 333K keeping contact time (96 hours), volume of 
EBT aqueous solution (20mg/L), mass of THR (0.20g), initial con-
centration of EBT aqueous solution (20mg/L), pH=7 and stirring 
speed constant (140rmp).

Effect of pH: The impact of surface modification due to varia-
tions in solution pH was studied with in the pH range of 2-10. The 
20mL aqueous solutions at optimized dye’s concentration were tak-
en in separate flasks and the pH of each solution was adjusted ac-
cordingly by adding 0.1M NaOH or HCl solution. This was followed 
by the addition of TRH adsorbent to every solution separately. The 
mixtures were left for shaking and after a defined interval of time, 
the percentage removal of dye at each pH was calculated.

Adsorption kinetics	

Adsorption kinetics for adsorption of EBT from aqueous solu-
tion onto TRH was explored by using several kinetic models.

Pseudo-first-order model: The linear form of Lagergren pseu-
do-first-order kinetic model is given as [1-4].

1log( ) log (3)
2.303e t e
K tq q q− = −

where k1 (/min), qe (mg/g) and qt (mg/g) shows rate constant 
of pseudo-first-order model, concentration of EBT adsorbed at 
equilibrium and time t respectively.

Pseudo-second-order model: The linear form of pseudo-sec-
ond-order kinetic model is shown as [4,5].

2
2

1 (4)
t e e

t t
q K q q
= +

where k2 (g/mg. min) is the rate constant of pseudo-second-or-
der model.

Elovich model: It has been used for the chemisorption of gases 
onto heterogeneous surfaces and solid systems and has also now 
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found an application for the study of the removal of pollutants from 
aqueous solutions [6,7]. It explains the second-order kinetics as-
suming that the solid surface has heterogeneous energy but does 
not suggest any mechanism for adsorption [7]. The Elovich model 
is represented as [8,9]

1 1ln( ) ln (5)tq tαβ
β β

= +

where α (mg/g.min) and β (g/mg) are constant. The parameter 
α (mg/g.min) is initial adsorption rate and β (mg/g.min) is the ex-
tent of surface coverage and activation energy for chemisorption.

Liquid film diffusion model: It is expressed as [10]. 

(1 ) (6)fdLn F K t− = −

where Kfd (/min) is liquid film diffusion rate constant, and F=qt/
qe-

Modified freundlich equation: It was originally developed by 
Kuo and Lotse [5,11]

1/ (7)m
t oq kC t=

where k (L/g.min), Co (mg/L), t (min) and m are adsorption rate 
constant, initial concentration contact time and the Kuo-Lotse con-
stant respectively. Its linear form is shown as: 

1ln ln( ) ln (8)t oq kC t
m

= +

Bangham equation: Bangham equation is represented as [4,9].

log log log log (9)
2.303

o o

o t

C k m t
C q m V

α
   = +   −   

where m (g) is mass of the TRH (adsorbent) employed, V (mL) 
is volume of EBT dye solution, α (<1) and ko (mL/(g/L) are con-
stants.

Adsorption isotherms

Adsorption isotherms including Langmuir, Freundlich, Dubi-
nin-Radushkevich (D-R) and Temkin were employed to explore ex-
perimental data for adsorption of EBT from aqueous solution onto 
treated rice husk.

Langmuir isotherm: It is based on the maximum adsorption 
corresponds to the saturated monolayer of liquid molecules on the 
solid surface. It is given as follows [12].

1 (10)e e

e L m m

C C
q K Q Q

= +

where KL (L/mg) is Langmuir constant and Qm (mg/g) is Lang-
muir monolayers adsorption capacity, Ce (mg/L) is supernatant 
concentration at equilibrium state of the system, and qe (mg/g) is 
the amount of dye adsorbed at equilibrium state of system. The es-
sential characteristics of Langmuir isotherm can be shown in term 
of dimensionless constant separation factor RL that is given by [13].

1 (11)
1L

L o

R
K C

=
+

The value of RL shows the shape of the isotherm to be either 
unfavorable (RL>1), linear (RL=1), favorable (0<RL>0), or irrevers-
ible (RL=0) [14].

Freundlich isotherm: It is an empirical relation utilized to ex-
plain the heterogeneous system. The Freundlich isotherm model is 

expressed as [15].
1log log log (12)e f eq K C
n

= +

where Kf and nF are Freundlich constant.

Dubinin radushkevich (D-R) isotherm: The Dubinin-Radu-
shkevich (D-R) model is represented as [16].

2ln ln (13)e mq q βε= −

where β (mol2/KJ) is constant related to the adsorption energy, 
qm (mg/g) is maximum adsorption capacity and ε is the polanyi po-
tential can be calculated by employing below equation.

1ln(1 ) (14)
e

RT
C

ε = +

where R is gas constant (8.31KJ/mol), Ce (mg/L) is supernatant 
concentration at equilibrium state and T (K) is absolute tempera-
ture. The mean free energy E (KJ/mol) can be determined by below 
relationship.

1 (15)
2

E
β

=

Temkin isotherm: The linear form of Temkin isotherm is rep-
resented as [16].

ln ln (16)e T T T eq B A B C= +

where BT=RT/bT, R is gas constant (8.31J/mol.K) and T (K) is 
absolute temperature. The constant bT is related to the heat of ad-
sorption and AT is equilibrium binding constant coinciding to the 
maximum binding energy.

Thermodynamics study

For adsorption of EBT from an aqueous solution onto treated 
rice husk, the change in Gibb’s free energy (∆Go), enthalpy (∆Ho) 
and entropy (∆So) were calculated to investigate adsorption ther-
modynamics as described [27,29,38].

The change in Gibb’s free energy (∆Go), enthalpy (∆Ho) and en-
tropy (∆So) were measured by using below relationship:

ln (17)
o o

C
S HK
R RT
∆ ∆

= −  

(18)a
C

e

CK
C

=

(19)o o oG H T S∆ = ∆ − ∆

where Kc, ∆Go (KJ/mol), ∆Ho (KJ/mol) and ∆So (J/mol.K) are 
equilibrium constant, change in Gibb’s free energy, enthalpy and 
entropy respectively.

Results and Discussion
Point of zero charge and BET surface area

The pH of point of zero charge of adsorbent is very important 
factor in the adsorption process. pHpzc is the pH upon which charge 
on the adsorbent is zero and it is important to find out for any sys-
tem. Determination of pHpzc of rice husk was done by the standard 
procedure as reported in our previous work [33]. Determined value 
of pHpzc is 5.84 [33]. Similarly BET surface area of treated rice husk 
was determined by using standard procedure as reported [33]. BET 
surface area for treated rice husk was found to be 1.03m2/g1.
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SEM and FTIR 

Morphology of untreated and NaOH treated rice husk was in-
vestigated by employing Scanning Electron Microscopy (SEM). Fig-
ure 3 represents morphology of untreated and NaOH treated rice 
husk. It was observed that the surface morphology of untreated 
rice husk was rough while morphology of NaOH treated rice husk 
was smooth. The structure of treated rice husk showed pores on 
it which were useful for adsorption of EBT from aqueous solution. 
FTIR spectrums of treated rice husk before and after adsorption of 
EBT are denoted in Figure 4. The peaks at 1217.0, 1365.4, 1737.8 
and 1027.4cm-1 were associated to carboxyl group onto TRH in 
the range of reported peaks at 1208-1230, 1367-1371, 1740 and 
1029cm-1 for carboxyl group [44,45]. The peak at 3400-3200cm-

1 was attributed to the surface O-H stretching, while aliphatic 
C-H stretching had a broad band at 2921-2851cm-1. The peaks at 
1737.8, 1435.6 and 1365. cm-1 was due to C=O stretching, OH bend-
ing of the adsorbed H2O and aliphatic C-H bending, respectively 
[46]. The absence of band related to non-conjugated carbonyl func-
tional groups in the treated rice husk spectrum represents hydroly-
ses of carbonyl groups during NaOH treatment. Except, the band at 
1074.0cm-1coincided to anti-symmetric stretching vibration of Si-
O, while at 476.2cm-1 represents bending vibration of Si-O-Si bond 
[44,47,48]. After adsorption of EBT onto Treated Rice Husk (TRH), 
the slight modifications in the bands of Treated Rice Husk (TRH) 
were observed as shown in Figure 4. The intensities of bands de-
creased after adsorption of EBT which suggests the involvement of 
these groups in adsorption of EBT onto Treated Rice Husk (TRH).

Figure 3: (a) SEM micrographs of untreated rice husk (RH), (b) SEM micrographs of NaOH treated rice husk (TRH).

Figure 4: FTIR Spectrum of TRH before and after adsorption of EBT dye.

Effect of operational factors on adsorptive removal of 
EBT and adsorption capacity

The effect of operating factors on the percentage removal of 
EBT from an aqueous solution and adsorption capacity were inves-
tigated. Its detail is given below:

Effect of contact time: Figure 5a represents the effect of contact 
time on the percentage removal of EBT from aqueous solution 
by Treated Rice Husk (TRH) and adsorption capacity at room 
temperature. Results showed that the values of both percentage 
removal of EBT and adsorption capacity were increased with 
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increasing contact time. It is similar to our previous work [27]. The 
percentage removal of EBT and adsorption capacity was increased 
from 35 to 81% and 0.71 to 1.61mg/g respectively with increasing 
contact time. Table 2 provides an interesting comparison of EBT 
removal from an aqueous solution by using different adsorbents. 
The occurrence of fast adsorption of EBT in the beginning was 
due to presence of large number of vacant adsorption sites onto 
TRH. A large number of vacant adsorption sites were available for 

interaction of Treated Rice Husk (TRH) with dye molecules. The 
number of vacant active sites available onto TRH for adsorption 
of EBT was decreased with progression of adsorption process. 
It resulted to a slower increase in adsorption rate. The dynamic 
equilibrium between adsorption and desorption of EBT was shown 
by establishment of a plateau. Similar results were attained in our 
previous work [49,50].

Figure 5: a) Effect of contact time, b) mass of treated rice husk (TRH), c) initial concentration of EBT aqueous 
solution on the percentage removal of EBT from aqueous solution and adsorption capacity.

Table 2: The percentage of removal of EBT from aqueous solution by using different adsorbents.

Adsorbents Percentage Removal (%) References

Treated Rice Husk 81 This work

CoAl 90 [52]

MgAl 95 [52]

NiFe 85 [52]

BMTF@ZnO-NPs 98 [53]

M-Fe (M =Co, Cu, Zn, Ni) LDH 70-90 [54]

CoAl-LDH (B-CoAl) 90 [55]

Effect of mass of treated rice husk (TRH): Figure 5b shows the 
influence of mass of Treated Rice Husk (TRH) onto the percentage 
removal of EBT from an aqueous solution and adsorption capacity 
at room temperature. It was noted that the percentage removal of 
EBT from an aqueous solution was increased from 62 to 71% due 
to increase in active sites for adsorption process with increasing 
mass of treated rice husk [27]. On the contrary, adsorption capacity 

was decreased from 6.17 to 1.61mg/g with increasing mass of 
TRH. The decrease in adsorption capacity with increase in mass 
of treated rice husk from 0.04 to 0.20g was associated to limited 
initial concentration of EBT into aqueous solution [27,51]. Herein, 
the determined optimum mass of treated rice husk was found to be 
0.20g which was employed for further research. 
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Effect of initial concentration: Figure 5c depicts the effect 
of initial concentration on the percentage removal of EBT from an 
aqueous solution by using Treated Rice Husk (TRH) and adsorption 
capacity at room temperature. It was noted that the percentage 
removal of EBT was deceased from 71 to 42% with increasing 
concentration of EBT aqueous solution at room temperature because 
the active sites of Treated Rice Husk (TRH) became saturated by 
enhancing the initial concentration of EBT aqueous solution from 
20 to 400mg/L which leads to decrease in the adsorptive removal 
of dye [27]. Contrary, adsorption capacity was found to be enhanced 
from 1.61 to 17.0mg/g with increasing initial concentration of EBT 
aqueous solution from 20 to 400mg/L at room temperature. It 
was attributed to the higher initial concentration of EBT aqueous 
solution, which enhanced the transportation of its molecules from 
solution to Treated Rice Husk (TRH) surface. It results in the higher 
interaction between EBT molecules and the Treated Rice Husk 

(TRH) surface. From this we concluded that the initial concentration 
of dye had a positive effect on adsorption capacity of Treated Rice 
Husk (TRH) when initial concentration of dye was low there may 
be some active sites on adsorbent which remain vacant due to low 
dye concentration but as dye concentration was increased there are 
enough dye molecules to be adsorbed on active sites leaving least 
chances for active sites to remain vacant or un-adsorbed.

Effect of temperature: The influence of temperature on the 
percentage removal of EBT from aqueous solution by using TRH 
and adsorption capacity is shown in Figure 6a. From here, it was 
observed that both the percentage removal of EBT and adsorption 
capacity was enhanced with rise in temperature. The percentage 
removal of EBT was found to be increased from 71 to 84% and 
adsorption capacity from 1.41 to 1.68mg/g with rise in temperature 
from 298 to 333K. From here it was concluded that adsorption of 
EBT onto TRH from aqueous solution was an endothermic process.

Figure 6: a) Effect of temperature, b) effect of pH on the percentage removal of EBT from aqueous solution and 
adsorption capacity.

Figure 7: Mechanism of EBT adsorption onto TRH from 
an aqueous solution.

Effect of pH: It is crucial to investigate pH influence on 
adsorption of EBT onto treated rice husk because adsorption 
process is deeply influenced by the acidity of the aqueous solution. 

Figure 6b represents the effect of pH on EBT removal from an 
aqueous solution and adsorption capacity. It is noted that both EBT 
percentage removal and adsorption capacity were increased till pH 
4, a minute decrease was observed till pH 7 and at pH 8 onwards 
a decreasing trend was noticed. It is associated with the surface 
charge as well as the degree of ionization and speciation of different 
pollutants studied. In acid pH range, adsorption of EBT was higher 
which is probably due to the presence of H+ ions that can interact 
with anionic groups of the dye and result in electrostatic force of 
interactions between negatively charges surface of treated rice husk 
and positively charged dye molecules [52,53-55]. In addition, the 
mechanism of EBT adsorption onto TRH is represented in Figure 7.

Adsorption kinetics study

 Figure 8a represents the plot of pseudo-first-order model for 
adsorption of EBT from aqueous solution onto Treated Rice Husk 
(TRH) and the calculated values of its parameters (k1 & qe) are giv-
en in Table 3. It can be seen that there was a difference between 
calculated adsorption capacity (qe, cal= 1.481mg/g) and experimen-
tal adsorption capacity (qe, exp= 1.616mg/g). Besides, the value of 
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correlation coefficient (R2) for pseudo-first-order model was 0.975 
which shows nonlinearity of experimental data. Hence, the pseu-
do-first-order model does not explain the rate process. The plot 
of pseudo-second-order model for adsorption of EBT onto TRH is 
shown in Figure 8b and the measured values of its parameters are 
given in Table 3. From here, it was observed that the calculated val-
ue of adsorption capacity (1.869mg/g) was close to experimental 
value (1.616mg/g). Moreover, the value of correlation coefficient 
(R2) was close to unity (R2>0.996) explaining linear behavior of 
experimental data. From this we concluded that experimental 
data for adsorption of EBT from an aqueous solution onto Treat-

ed Rice Husk (TRH) obeyed pseudo-second-order model. Similarly, 
the plot of Elovich model for adsorption of EBT from an aqueous 
solution onto TRH is shown in Figure 8c. The value of correlation 
coefficient (R2) was 0.881. The values of Elovich coefficients could 
be measured from the plot’s qt versus lnt. The measured values of 
α and β are given in Table 3. The applicability of the simple Elovich 
equation for present experimental data is generally in agreement 
with other researcher’s results that the Elovich equation was able 
to describe properly the kinetics of EBT adsorption onto Treated 
Rice Husk (TRH) [56]. 

Figure 8: (a) Pseudo-first-order model, (b) pseudo-second-order model, (c) Elovich model for adsorption of EBT from 
aqueous solution onto treated rice husk (TRH).

Table 3: The calculated values of adsorption kinetics parameters for adsorption of EBT from aqueous solution onto 
Treated Rice Husk (TRH).

Kinetic Models Parameters

Pseudo-first-order model

qe (exp.) 1.616

qe 1.481

k1x10-3 9.2

R2 0.975

Pseudo-second-order model

qe 1.869

k2x10-2 1.6

R2 0.996

Elovich model

Α 7.77

Β 86.21

R2 0.881
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Liquid film diffusion model

kfd 0.021

Cfd -0.087

R2 0.975

Modified Freundlich equation

M 2.967

K 0.014

R2 0.954

Bangham equation

ko 0.276

Α 0.338

R2 0.954

(qe: mg/g; k1: (/min); k2: g/mg.min; α: mg/g.min; β: g/mg; kfd: (/min); k: L/g.min; ko: mL/g/L)

Figure 9a shows the plot of liquid film diffusion model for ad-
sorption of EBT from an aqueous solution onto Treated Rice Husk 
(TRH). The calculated value of Kfd from slope of the linear plot is 
given in Table 3. It has been observed that the points were not much 
dispersed and the value of correlation coefficient (R2) was 0.975. 
Hence, the liquid film diffusion model was satisfactory to explain 
experimental data for adsorption of EBT from aqueous solution 
onto TRH. The plot of modified Freundlich equation for adsorption 
of EBT from aqueous solution onto TRH is depicted in Figure 9b and 
the calculated values of m and k are given in Table 3. From here, it 
was observed that the value of correlation coefficient (R2=0.954) 
was lower than pseudo-second-order model. Therefore, modified 

Freundlich equation can’t explain experiment data for adsorption 
of EBT from aqueous solution onto TRH. Figure 9c indicates the plot 
of Bangham equation for adsorption of EBT onto TRH and the mea-
sured values of its parameters are given in Table 3. The value of cor-
relation coefficient (R2=0.954) was smaller than pseudo-second-or-
der model. For adsorption of EBT from aqueous solution onto TRH, 
the double logarithmic plot did not give linear curve indicating that 
the diffusion of adsorbate (EBT) into pores of the adsorbent (TRH) 
is not the only rate controlling step [34]. It may be that both film 
and pore diffusion were crucial to different extent in adsorption of 
EBT from aqueous solution onto Treated Rice Husk (TRH).

Figure 9: (a) Liquid film diffusion model, (b) modified Freundlich equation, (c) Bangham equation for adsorption of 
EBT onto TRH from an aqueous solution.

Adsorption isotherms

Adsorption isotherms including Langmuir, Freundlich, Dubi-
nin-Radushkevich (D-R) and Temkin were applied to experimen-

tal data for adsorption of EBT from an aqueous solution onto TRH. 
Figure 10a represents Langmuir isotherm for adsorption of EBT 
from an aqueous solution onto TRH and the calculated values of its 
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parameters are given in Table 4. The value of correlation coefficient 
(R2= 0.941) showed that experimental data for adsorption of EBT 
onto TRH fitted to Langmuir isotherm. The measured value of RL 
(0.19-0.82) represents that adsorption of EBT from aqueous solu-
tion onto TRH was favorable process. Figure 10b represents Freun-
dlich isotherm for adsorption of EBT and the attained values of its 
parameters is given in Table 4. The value of correlation coefficient 
(R2=0.962) exhibited that experiment data fitted to Freundlich iso-
therm. The value of Freundlich constant ‘n’ ranges from 2-10 rep-
resenting good adsorption, 1-2 moderate adsorption and less than 
one shows poor adsorption [32,33]. By comparison of Freundlich 
and Langmuir isotherm data from regression values, it can be found 

out that Freundlich isotherm fits well to experimental data as com-
pared to Langmuir isotherm. Similarly, Figure 10c shows the D-R 
isotherm for adsorption of EBT onto TRH. The values of D-R con-
stant (Cm) and β were calculated from intercept and slope. These 
attained values are given in Table 4. The measured value of mean 
adsorption energy for adsorption of EBT onto TRH was 0.609KJ/
mol representing that adsorption of EBT onto TRH was physical ad-
sorption process [23,24]. Moreover, the plot of Temkin isotherm for 
adsorption of EBT onto TRH is shown in Figure 10d. The value of 
correlation coefficient (R2=0.891) was lower than Freundlich iso-
therm representing that experimental data is not fitted to Temkin 
isotherm. The measured values of bT and AT are given Table 4.

Figure 10: Langmuir isotherm, (b) Freundlich isotherm, (c) Dubinin-Radushkevich (D-R) isotherm, (d) Temkin 
isotherm for adsorption of EBT from aqueous solution onto treated rice husk (TRH).

Table 4: Determined parameters of adsorption isotherms for adsorption of EBT from aqueous solution onto Treated Rice 
Husk (TRH).

Adsorption Isotherm Models Determined Parameters

Langmuir isotherm 

Qm 25.1

KL 0.011

KL 0.19-0.82

R2 0.941

Freundlich isotherm 

N 1.43

Kf 0.495

R2 0.962

D-R isotherm

Β 1.358

Cm 9.85

R2 0.656



625

Progress Petrochem Sci       Copyright © Muhammad Imran Khan

PPS.000630. 6(1).2024

Tempkin isotherm

E 0.609

bT 556

AT 0.16

R2 0.891

(Qm (mol/g), KL (L/mol), kF ((mg/g) (L/mg)1/n), Cm (mol/g), β (mol2/J2), E (kJ/mol))

Adsorption thermodynamics study

 The plot of 1/T verses lnKc for adsorption of EBT from aqueous 
solution onto Treated Rice Husk (TRH) is represented in Figure 11 
and the determined values of thermodynamic parameters (∆G°, ∆S° 
& ∆H°) are given in Table 5. The negative value of Gibb’s free energy 
(∆G°) suggested that adsorption of EBT from aqueous solution onto 
Treated Rice Husk (TRH) was spontaneous in nature. With rise in 
temperature from 298 to 333K, the decline in the values of Gibb’s 
free energy indicated the decrease in feasibility of adsorption pro-
cess at elevated temperature. The positive value of entropy (∆So= 
18.26J/K.mol) denoted the increase in randomness at the TRH-EBT 
interface during adsorption of EBT from aqueous solution onto 
Treated Rice Husk (TRH). In addition, the positive value of enthal-
py (∆Ho= 20.57KJ/mol) demonstrated that adsorption of EBT from 
aqueous solution onto Treated Rice Husk (TRH) was an endother-
mic process.

Figure 11: Plot of 1/T vs lnKc for adsorption of EBT 
from aqueous solution onto treated rice husk (TRH).

Table 5: Calculated thermodynamic parameters for ad-
sorption of EBT from aqueous solution onto Treated Rice 
Husk (TRH).

Temperature (K) ∆H (kJ/mol) ∆S (J/K. mol) ∆G (kJ/mol)

298

20.57 18.26

-5.24

323 -5.88

333 -6.1

Regeneration studies

Cost effectiveness can be considered as prime criterion while 
designing the adsorbent meant for adsorption process and it can be 
easily achieved by regenerating the material for a number of cycles. 
The major challenge still remains the efficiency of the adsorbent 
in each cycle. In the current work, the ability of TRH to be recy-
cled was studied for 5 consecutive cycles. There was no appreciable 
loss in the percentage removal of dye for the first three consecutive 

cycles, however a minute decrease was observed in the fourth cy-
cle which became pronounced in the 5th one. This typical behavior 
generally occurs due to the strong retention of some molecules of 
dyes on the surface of adsorbent with the passage of time. These 
molecules start blocking the active sites and thus result in gradu-
al loss of adsorbent’s efficiency over a number of cycles. Figure 12 
shows the regeneration behavior of adsorbent in terms of percent-
age removal.

Figure 12: Regeneration behavior of adsorbent in terms 
of percentage removal.

Conclusion
In this article, adsorption of EBT from an aqueous solution 

onto Treated Rice Husk (TRH) was investigated in detail at room 
temperature This study revealed that abundantly available 
agricultural waste treated rice husk was a cost-effective adsorbent 
for decontamination of EBT. FTIR spectroscopy confirmed 
adsorption of EBT onto Treated Rice Husk (TRH). The percentage 
removal of EBT was increased with increase in contact time, mass 
of TRH and temperature while decreased with initial concentration. 
Contrary, adsorption capacity was increased with contact time, 
initial concentration of EBT aqueous solution and temperature 
while deceased with mass of Treated Rice Husk (TRH). A kinetics 
study showed that adsorption of EBT onto Treated Rice Husk 
(TRH) fitted well to pseudo-second-order kinetics. The adsorption 
equilibrium study concluded that Freundlich isotherm fitted well 
with regression value of 0.962. Results of thermodynamic study 
suggested that adsorption of EBT onto Treated Rice Husk (TRH) 
was an endothermic process and negative value of change in Gibbs 
free energy confirmed feasibility of EBT adsorption process. On the 
basis of this study, it can be concluded that abundantly and locally 
available inexpensive rice husk has great potential to be utilized 
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for the removal of EBT from bulk aqueous solutions for the safe 
disposal of industrial as well as textile effluents and will provide 
an alternative solution to environmental damages caused by these 
dyes.
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