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a b s t r a c t

The rubber (Hevea brasiliensis) leaf is an agricultural waste was chemically treated with H2SO4 to be 
a potential biochar adsorbent for methylene blue (MB) adsorption from aqueous solution. The acid-
treated rubber leaf (ATRL) was characterized by a CHNS-O, Brunauer-Emmett-Teller (BET), X-ray 
diffraction (XRD), Fourier transform infrared spectroscopy (FTIR), scanning electron microscope 
with an energy dispersive X-ray spectrometer (SEM-EDX), point-of-zero charge (pHPZC)and proximate 
analyses. Batch mode adsorption studies were conducted by varying operational parameters such 
as adsorbent dosage (0.02–0.30 g), solution pH (3–11), initial MB concentrations (50–300 mg/L) and 
contact time (0–1440 min). The equilibrium data were well fitted to Freundlich isotherm compare to 
Langmuir and Temkin isotherms. The maximum adsorption capacity, qmax of ATRL for MB adsorption 
was 263.2 mg/g at 303 K. The kinetic uptake profiles were well described by the pseudo-second-or-
der model. The thermodynamic adsorption parameters such as standard enthalpy (ΔH°), standard 
entropy (ΔS°), and standard free energy (ΔG°) showed that the adsorption of MB onto ATRL surface 
endothermic in nature and spontaneous under the experimented conditions. All results mentioned 
above revealed that the ATRL can be feasibly utilized for the removal of MB from aqueous solution.  

Keywords: �Rubber leaf; Acid-treated; Chemical activation; Sulphuric acid; Adsorption; Methylene blue

1. Introduction

Number of industries such as textile, rubber, paper, 
plastics, leather and food uses dyes to colour their products 
while residual unspent dyes are settled into the rivers and 
other natural water bodies. The discharge of dye-contained 
wastewaters into ecosystem is a dramatic source of aesthetic 
pollution, eutrophication and perturbation in aquatic life 
as most of dyes are highly visible, stable and unaffected to 
chemical, photochemical as well as biological degradation 
[1–3]. Basic dyes are cationic species originating from posi-
tively charged nitrogen or sulphur atoms. In fact, basic dyes 
are named because of their affinity to basic textile materials 

with net negative charge [4]. Methylene blue (MB) is a basic 
dye with favourable water solubility and the most com-
monly used dye in industrial applications such as dyeing 
of textiles and leather, printing calico, printing cotton and 
biological staining methods [5]. MB is chosen to represent 
a group of dyes, which are commonly large in molecular 
size and difficult to be degraded in natural environment. 
Tinctorial value of MB is very high, in spite of low toxicity 
(<1 mg/L) a noticeable coloration is detected and can be 
classified as toxic colorants [6]. MB is reported to result in 
harmful effects such as eye irritation, gastrointestinal irri-
tation and nausea upon ingestion, including vomiting and 
diarrhea [7]. Removal of MB from wastewater is a major 
environmental challenge and there is a continuous need to 
have an effective process that can efficiently remove it eco-
nomically.
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There are many useful methods have been applied for 
dyes removal from industrial effluents and wastewaters 
such as Bioremediation [8], electrochemical degradation [9], 
cation exchange membranes [10], Fenton chemical oxida-
tion [11] and photocatalysis [12,13]. Most of these methods 
have techno-economical limitations for field-scale appli-
cations [14]. Comparatively, adsorption has been proved 
to be a well-established and most widely used technique 
among other water purification processes. This technique 
is effective in removing suspended solids, odours, organic 
matter and oil from aqueous solutions. Adsorption-based 
treatment with appropriate adsorbent materials shows high 
performance and selectivity, flexibility and simplicity of 
design, convenience of operation without producing harm-
ful by-products as well as economically cost effective [15].

Activated carbon (AC) is referred as carbonaceous mate-
rials [16], with high porosity [17–21], high physicochemical 
stability [22], high adsorptive capacity [23], high mechani-
cal strength [24,25], high degree of surface reactivity [26,27], 
with immense surface area [28,29] which can be differen-
tiated from elemental carbon by the oxidation of the car-
bon atoms that found at the outer and inner surfaces [30]. 
Therefore, AC has been widely utilized in versatile applica-
tions such as gas separation, solvents recovery, gas storage, 
super capacitors electrodes, catalyst support, adsorbent for 
organic and inorganic pollutants from drinking water, and 
so on [31]. However, a high cost of AC production limits its 
application in various technologies. Recognizing this eco-
nomic obstacle, many investigators have been made exten-
sive efforts in low-cost alternatives to AC from a range of 
carbonaceous precursors, such as ligno-cellulosic materials 
[32], biopolymer [33], coal [34], char [35], and fruit peels 
[36]. The textural properties and adsorption capacities of 
AC aremainly depend on the nature of the starting martial, 
activation method, and type of activator and preparation 
conditions [37].

Chemical surface modification methods are widely 
used to prepare hydrophilic carboneous materials and bio-
char. Hydrophilicity of the carboneous materials is asso-
ciated essentially with the presence of oxygen containing 
groups on the surface such as carboxylic, phenolic and lac-
tonic groups. Sulphuric acid is a reagent frequently used 
to enhance oxygen content on the surface [38]. Researches 
demonstrated that the amount of oxygen containing surface 
functional groups, specific surface area and pore structure 
highly depend on the concentration of activation agents. 
While oxygen content of carboneous materials usually 
increases with the increase of reagent concentration, the 
surface area and pore volume values decrease adversely 
[39]. Nowadays, interests are growing in the utilizing of 
agricultural waste and food residues as low-cost and steady 
sources for the developing rich carboneous materials with 
multifunctional functional groups that can be potentially 
for removal of water pollutants.

Rubber (Hevea brasiliensis) tree is widely planted in 
Malaysia and become one of the major plantation crops 
other than oil palm. The tree is cultivated in large commer-
cial scale in several countries in the tropics amounting to 
9.485 million ha worldwide [40]. Since rubber related indus-
tries are expanding to meet demands from consumers, the 
economic importance of the rubber tree has largely focused 
on the rubber latex with little attention paid to the potential 

usefulness of its by-product. Rubber plantation in Malaysia 
generates a huge amount of waste rubber leaf (RL) espe-
cially during dry season (February to March) every year.

Therefore, the main objectives of this work were: firstly 
to make better utilization of this abundant agricultural 
waste (RL) to be a promising precursor for developing 
renewable biochar by using one-step treatment with sul-
phuric acid (H2SO4) as a chemical activator; Secondly, to 
investigate the adsorption behavior of MB removal from 
aqueous solution, with the long-term target of applying 
such renewable carboneous biochar adsorbents to waste-
water treatment processes in the textile industry. In fact, 
the role of H2SO4 is to create several oxygen complexes and 
improving the surface porosities through modification of 
biochar with liquid concentrated H2SO4 at relatively low 
temperature. Thus, MB was chosen as a typical cationic 
dye to figure out the adsorptive properties of the ATRL. 
Moreover, sulphuric acid (H2SO4) is frequently used as a 
low cost chemical agent for the preparation of carboneous 
adsorbents from ligno-cellulosic materials such as coconut 
leaf [32], mango peel [36], euphorbia rigida [41], bagasse 
[42], almond husk [43], parthenium hysterophorus [44], sun-
flower oil cake [45], pine-fruit shell [46], Delonix regiapods 
[28], wild carrot [47], Ficuscarica [48] potato peel and neem 
bark [49].

2. Materials and methods

2.1. Adsorbate (MB)

The cationic dye, methylene blue (MB) was used as an 
adsorbate in this work. MB was purchased from R&M Chem-
icals, Malaysia with chemical formula (C16H18ClN3S·xH2O) 
and molecular weight (319.86 g/mol). Ultra-pure water was 
used to prepare all solutions.

2.2. Preparation and characterization of ATRL

The rubber leaf (RL) was collected from a rubber plan-
tation estate in Pauh, Perlis, Malaysia and was used as the 
precursor for the preparation of biochar in this work. The 
RL was first washed with water to remove dirt and sub-
sequently dried at 105°C for 24 h to remove the moisture 
contents. The dried RL was ground and sieved to the size 
of 250–500 μm before mixing with concentrated H2SO4 (95–
98%). The mixing ratio was fixed at 1 g of dried RL powder 
with 1 mL of concentrated H2SO4 according to the method 
reported by Garg et al. [50]. The acid-treated rubber leaf 
(ATRL) was washed with hot distilled water until the fil-
trate water was clear and reached a neutral pH value. The 
elemental analysis was carried out using a CHNS-O anal-
yser (Flash 2000, Organic Elemental Analyzer, Thermosci-
entific). The oxygen contents were calculated by difference. 
X-ray diffraction analysis (XRD) was performed by X-ray 
diffraction (XRD) in reflection mode (Cu Kα radiation) on 
a PANalytical, X’Pert Pro X-ray diffractometer. Scans were 
recorded with a scanning rate of 0.59º/s. The diffraction 
angle (2θ) was varied from 10º to 90º. Textural character-
ization of ATRL was carried out by N2 adsorption using 
Micromeritics ASAP 2060, USA. FT-IR spectral analysis of 
ATRL was performed on a Perkin Elmer, Spectrum One in 
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the 4000 cm−1–500 cm−1 wavenumber range. The surface 
physical morphology was examined by using scanning 
electron microscopy (SEM; SEM-EDX, FESEM CARL ZEISS, 
SUPKA 40 VP). The pH at the point-of-zero charge (pHPZC) 
was estimated using a pH meter (Metrohm, Model 827 pH 
Lab, Switzerland), as described elsewhere [51].

2.3. Batch adsorption experiments

The batch adsorption experiments of MB adsorption 
onto ATRL surface were performed in a set of 250 mL 
Erlenmeyer flasks containing 100 mL of MB solution. The 
flasks were capped and agitated in an isothermal water 
bath shaker (Memmert, waterbath, model WNB7-45, Ger-
many) at fixed shaking speed of 110 stroke/min and 303 
K until equilibrium was achieved. Batch adsorption exper-
iments were carried out by varying several experimental 
variables such as adsorbent dosage (0.02–0.3 g), pH (3–11), 
initial dye concentration (50–300 mg/L) and contact time 
(0–1440 min.) to determine the best uptake conditions for 
MB adsorption. The pH of MB solution was adjusted by 
adding either 0.1 mol/L HCl or NaOH. After mixing of 
the ATRL-MB system, the supernatant was collected with 
a 0.20 μm Nylon syringe filter and the concentrations of 
MB were monitored at a different time interval using a 
HACH DR 2800 Direct Reading Spectrophotometer at the 
maximum wavelength (λmax) of absorption at 661 nm. For 
the thermodynamic studies, the same procedures were 
repeated and applied at 313 K, 323 K and 333 K with the 
other parameters keep constant. The blank test was carried 
out in order to account for colour leached by the adsor-
bent and adsorbed by the glass containers, blank runs with 
only the adsorbent in 100 mL of doubly distilled water and 
100 mL of dye solution without any adsorbent were con-
ducted simultaneously at similar conditions. The adsorp-
tion capacity at equilibrium, qe (mg/g) and the percent of 
colour removal, CR (%) of MB were calculated using Eqs. 
(1) and (2).
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where Co and Ce (mg/L) are the initial and equilibrium con-
centrations of MB, respectively, V (L) is the volume of the 
solution and W (g) is the mass of dry adsorbent used.

3. Results and discussion

3.1. Characterization of ATRL

3.1.1. Physical properties

The results of physical characterization of ATRL are 
recorded in Table 1. The ultimate results indicate that ATRL 
has a relatively high carbon content (53.45%), oxygen con-
tent (40.04%), and sulphur (0.55) with low surface area (1.65 
m2/g). The low surface area of ATRL can be attributed to 
the high concentration of activation agent H2SO4, which 
basically responsible for increasing the oxygen content and 

detected sulphur on ATRL surface and decreasing adversely 
the surface area and pore volume [39].

3.1.2. XRD analysis of ATRL

The XRD pattern of the ATRL is shown in Fig. 1. XRD 
pattern is indexed based on a standard diffraction reference 
pattern (PCPDF No: 898487). Appearance of a broad dif-
fraction background and the absence of a sharp peak reveal 
a predominantly amorphous structure [52]. Overall, there 
were two XRD peaks at 2θ = 22° (002) and 2θ = 42° (101) in 
the spectrum. These signatures relate to crystalline carbon 
with expanded lattice parameters (carbon with impurities).

3.1.3. FTIR spectral analysis

FTIR spectral analysis provides structural and com-
positional information on the active functional groups 
presented in the ATRL. FTIR spectrum of ATRL before 
adsorption (Fig.  2a) shows various functional groups, in 
agreement with their respective wavenumber (cm−1) posi-
tion as reported in literature. The broad band observed 
~3500 cm−1 is assigned to the stretching vibrations of the 
hydroxyl (O-H) [53]. The band at ~1700 cm−1 associated to 
C=O stretching of ketones, aldehydes, lactones or carboxyl 
groups, and the band at 1600 cm−1–1580 cm−1 is assigned to 
C=C vibrations in aromatic rings [7]. The absorptions peaks 
between 1300 cm−1and 1000 cm−1 are observed for oxidized 
carbon materials and are assigned to C–O and/or C–O–C 
stretching in acids, alcohols, phenols, ethers and/or esters 
groups and sulphonic acid groups (−SO3) [32,52,53]. Thus, 
the FTIR spectrum of ATRL before adsorption indicates 
that the external surface of ATRL is rich-SO3H group in 
addition to various functional groups, containing oxygen 
of carboxylic and carbonyl species. These active groups on 
ATRL surface are responsible for enhancing the adsorption 
of cationic species such as MB due to the electrostatic inter-
action. After MB adsorption (Fig. 2b), some of the bands 
shifted and became more pronounced in which the attenu-

Table 1
Characterization in contents of ATRL

Proximate analysis Values

Bulk density g/mL 0.63
Ash content (wt %) 6.91
Moisture content (wt %) 9.59
Fixed carbon, % 66.36
Elemental analysis (wt. %) Values
Carbon, C 53.45
Hydrogen, H 4.38
Nitrogen, N 1.58
Sulphur, S 0.55
Oxygen, O (by difference) 40.04
Surface area analysis Values
Total pore volume (cm³/g) 0.00342
Mean pore width (nm) 48.60
BET surface area (m²/g) 1.65
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ated bands at ~1650 cm–1 (–N–H bending), ~1380 cm−1 (C–N 
bending vibration) and ~850 cm–1 (–CH2 vibration) suggest 
the interaction of MB molecules with the functional groups 
of ATRL.

3.1.4. SEM-EDX analysis

SEM images were recorded to visualize the surface 
physical morphology of ATRL. The SEM and EDX results 
of ATRL before and after adsorption are shown in Figs. 3a 
and 3b, respectively. As can be seen in Fig. 3a, the surface 
of ATRL appears to be highly porous and heterogeneous 
with tunnel or honeycomb-like structures. Pores with dif-
ferent size and shape are also clearly visible. Those pores 
are pitted and fragmented due to evaporation of the H2SO4 
during carbonization, leaving the space being previously 
occupied by the reagent. In Fig. 3a also, EDX analysis 
reconfirm that ATRL sample has high content of carbon 
(69.71%), oxygen (29.46%), and little sulphur (0.83%). The 
presence of sulphur as (–SO3H) group in the structure of 
ATRL can be attributed to the role of the strong chemical 
activator (H2SO4). In fact, development such a rich –SO3H 
group on the surface of ATRL plus porous structure may 

be highly favourable for the uptake of cationic species like 
MB dye via electrostatic interaction. Therefore, this unique 
property of ATRL surface can strongly attract MB mole-
cules from aqueous solution. After MB adsorption (Fig. 
3b), the ATRL surface is altered to be more compact and 
less open pores are seen due to loading of MB molecules 
on the ATRL surface. Additionally, the corresponding EDX 
analysis indicates that the ATRL surface consists of mainly 
C, O, and S. The higher content of C in the EDX analysis 
after MB adsorption can be attributed to the MB molecules 
attached onto ATRL surface. 

3.1.5. Point-of-zero charge (pHPZC)

Based on the precursor origin and the preparation 
mode, AC can possess acidic, basic or neutral nature 
(amphoteric). The point-of-zero charge (pHPZC) test esti-
mates the pH at which the net charge of the surface is 
zero. Fig. 4 shows the pHPZC result of the experiment per-
formed with the ATRL, where the pH ranged from 3 to 
11. The pHPZC of the ATRL was 5.2, which indicates the 
acid character of the ATRL surface, in agreement with the 
presence of acid groups from the FTIR results (Fig. 2a). 
In general, the adsorption of anions is favoured at solu-
tion pH below the pHPZC value as the surface of ATRL is 
positively charged due to protonation whereas at solution 
pH above the pHPZC value, the surface of ATRL becomes 
negatively charged and thus, adsorption of cations is 
preferred. In this respect, Jawad et al., reported that the 
pHPZC values of the coconut leaf and mango peel treated 
with H2SO4 were 3.20 [32] and 4.60 [36] for, respectively. 
Furthermore, Karagöz et al., [45] reported that the pHPZC 
value lies between pH 2.5 and 5.5 which was attributed 
to the acid form of AC derived from sunflower oil cake 
treated with H2SO4.

3.2. MB adsorption

3.2.1. Effect of the adsorbent dosage

Adsorbent dosage shows a profound effect on the 
adsorption process, due to the reason that it predicts the cost 
of pollutant to be treated. The effect of adsorbent dosage on 
the removal of the MB from aqueous solution was deter-
mined using variable quantities of ATRL adsorbent ranging 
from 0.02 to 0.30 g at fixed volumes (100 mL) and initial dye 
solution where Co was 100 mg/L. For these experiments, 
other operation parameters were held constant at 303 K, 
shaking speed of 110 stroke/min, contact time of 180 min, 
and an unadjusted pH at 5.60 for the initial MB solution. 
The effect of adsorbent dosage on the adsorptive removal of 
MB is displayed in Fig. 5. It is apparent that the highest level 
of MB removal was achieved using 0.10 g ATRL and there-
after, further increase in adsorbent dosage did not exert an 
appreciable increase in the MB removal percentage. The 
observed increase in the dye removal (%) with adsorbent 
dosage was attributed to an increased in the adsorbent sur-
face area, which increased the availability of more adsorp-
tion sites. However, no significant changes in MB removal 
efficiency were observed beyond 0.10 g/100 mL ATRL dose. 
Therefore, in the further experiments the adsorbent dosage 
was fixed at 0.10 g.
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Fig. 1. XRD pattern of ATRL.
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Fig. 2. FTIR spectra of ATRL: (a) before MB adsorption, and (b) 
after MB adsorption. 



A.H. Jawad et al. / Desalination and Water Treatment 124 (2018) 297–307 301

3.2.2. Effect of pH

The pH of the solution influences the speciation of the 
dyes, along with the surface charge of the adsorbent. Fig. 6 
shows the effect of variable pH from 3 to 11 on the adsorp-
tion capacity with MB. However, MB uptake (qe) onto ATRL 
was not affected by pH within the studied range from due 
to buffering effect of the adsorbent [54]. Similar observa-
tions had been reported for the adsorption of MB by coco-
nut leaf [7,32,55], Parthenium hysterophorus [44], Prosopis 
cineraria sawdust [50] and Posidonia oceanica (L.) fibers [56].
In general, at lower pH, the surface charge may be posi-
tively charged, thus making (H+) ions compete effectively 
with dye cations causing a decrease in the amount of dye 
adsorbed. At higher pH values, the surface of AC adopts 
a negative surface charge, which contributes to enhanced 
uptake of positively charged dye species via attractive elec-
trostatic attraction, in accordance with an increase in the 
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Fig. 3. Typical SEM micrograph of ATRL particle (2.0 kx magnifications): (a) before MB adsorption and (b) after MB adsorption. 
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rate of adsorption [57]. To continue this work, the effective 
pH for ATRL was fixed at 5.6, and used in further adsorp-
tion studies herein.

3.2.3. Effect of initial dye concentration and contact time

The adsorption efficiency of MB on ATRL was evaluated 
as a function of initial concentrations and contact time are 
shown in Fig. 7. The amount of MB adsorbed by the ATRL 
adsorbent at equilibrium enhance rapidly from 50.4 mg/g 
to 268.2 mg/g as the initial dye concentration increased 
from 50 to 300 mg/L. This increase is mainly determined 
by the fact that the high initial MB concentration not only 
provides a large driving force to overcome all mass trans-
fer resistances between the aqueous and solid phases, but 
also determines a higher probability of collision between 
MB ions and ATRL surface. Additional time was needed 
to reach equilibrium for higher dye concentration because 
there was a tendency for MB to penetrate deeper within the 
interior surface of the ATRL and be adsorbed at active pore 
sites. This indicates that the initial dye concentration plays a 

significant role in the adsorption capacity of MB onto ATRL 
sorbent.

3.3. Adsorption isotherm

The application of adsorption isotherm is very useful 
to describe the interaction between the adsorbate and the 
adsorbent of any system [51]. The parameters obtained from 
the different models provide important information on the 
sorption mechanisms, surface properties and affinities of 
the adsorbent. In this work, the adsorption isotherm results 
for ATRL were fitted using most accepted surface adsorp-
tion models for single solute systems, which are Langmuir, 
Freundlich, and Temkin model. Langmuir model is based 
on the assumption that adsorption occurs at specific homog-
enous sites within the adsorbent [58]. It explains monolayer 
adsorption which lies on the fact that the adsorbent has a 
finite number of adsorption sites of uniform strategies of 
adsorption with no transmigration of adsorbate in the plane 
of surface, i.e. at equilibrium; a saturation point is attained 
where no further adsorption can occur. Eq. (3) shows the 
Langmuir isotherm expressions:

C
q q k q

Ce

e L
e= +

1 1

max max

� (3)

where Ce is the equilibrium concentration (mg/L) and qe 
is the amount of adsorbed species per specified amount 
of adsorbent (mg/g), kL is the Langmuir equilibrium con-
stant and qmax is the amount of adsorbate required to form 
an adsorbed monolayer. Hence, a plot of Ce/qe vs. Ce should 
be a straight line with a slope (1/qmax) and an intercept (1/qmax.
kL) as shown in Fig. 8a. On the other hand, the Freundlich 
model [59] describes the multilayer adsorption process on 
heterogeneous adsorption sites, as described by a form of 
the Langmuir equation that varies as a function of the sur-
face coverage. Freundlich model is expressed by Eq. (4):

ln ln lnq k
n

Ce F e= +
1

� (4)

where Ce is the equilibrium concentration of the adsorbate 
(mg/L), qe is the amount of adsorbate adsorbed per unit 
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mass of adsorbent (mg/g). The affinity constant kF (mg/g 
(l/mg)1/n, relates to the adsorption capacity of the adsorbent 
and n is the constant where indicates the relative favour-
ability of the adsorption process. Thus, a plot of ln qe vs. ln 
Ce should be a straight line with a slope 1/n and an inter-
cept of ln kF (Fig. 8b). Temkin model [60] assumes that the 
heat of adsorption of all the molecules in the layer decreases 
linearly with coverage due to adsorbent/adsorbate interac-
tions, and adsorption is characterized by a uniform distri-

bution of binding energies, up to some maximum binding 
energy. Temkin isotherm can be expressed in its linear form 
is expressed by Eq. (5):

q B k B Ce T e= +ln ln � (5)

A plot of qe versus ln Ce yielded a linear line enables to 
determine the isotherm constants kT and B (Fig. 8c). kT is 
the Temkin equilibrium binding constant (L/mg) that cor-
responds to the maximum binding energy, and constant B 
is related to adsorption heat. The adsorption heat of all the 
molecules in the layer is expected to decrease linearly with 
coverage because of adsorbate/adsorbate interactions. 
The isotherms related parameters were calculated, and the 
results are shown in Table 2. Among three tested models, 
the Freundlich described the adsorption system the best as 
reflected with the highest correlation coefficients, R2 value 
(0.9299) compared with the Langmuir (0.9253), and Tem-
kin (0.85558) models. This implied the multilayers cover-
age of MB has taken place on the ATRL surface. The ATRL 
surface is made up of small adsorption patches, which are 
energetically equivalent to each other in terms of adsorp-
tion phenomenon. Moreover, a value of 1/n > 1 suggests 
weak adsorption bond between MB molecules onto ATRL 
surface. On the other side, a value of 1/n < 1 suggests 
strong adsorption bond as a result of strong intermolec-
ular attraction within the adsorbent layers. The value of 
n falls in the range of 2 to 10 indicates good adsorption. 
However, when then value falls between 1 to 2 indicates 
moderate adsorption capacity and value of n less than 
1 indicating undesirable adsorption capacity. Thus, the 
value of n = 3.76 obtained from this work indicates benefi-
cial adsorption. Thus, the monolayer adsorption capacity 
(qmax) for ATRL with MB was compared with other types 
of H2SO4

– treated ligno-cellulosic materials as recorded in 
Table 3. ATRL shows a relatively high adsorption capac-
ity for MB, where qmax was 263.2 mg/g, exceeding values 
reported for other biomass treated with H2SO4 activation 
for the uptake of MB.

3.4. Adsorption kinetics

The pseudo-first-order model (PFO) and pseudo-sec-
ond-order model (PSO) were used to investigate the 
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Fig. 8. Isotherm models for the adsorption of MB onto ATRL: (a) 
Langmuir, (b) Freundlich, and (c) Temkin 

Table 2
Isotherm parameters for adsorption of MB by ATRL at 303 K

Isotherm Parameters Values

Langmuir qm (mg/g) 263.2
kL (L/mg) 1.19
R2 0.9253

Freundlich KF [(mg/g) (L/mg)1/n] 126.22
n 3.76
R2 0.9299

Temkin B 35.64
kT(L/mg) 64.37
R2 0.8558
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adsorption kinetics of MB dye on ATRL surface. The PFO 
was originally proposed by Lagergren [61] and its linear-
ized form is given by Eq. (6):

ln( ) lnq q q k te t e− = − 1 � (6)

where qe is the amount of solute adsorbed at equilibrium 
per unit weight of adsorbent (mg/g), qt is the amount of 
solute adsorbed at any time (mg/g), and k1 is the adsorp-
tion constant. This expression is the most popular form of 
PFO model. k1 values at different initial MB concentrations 
were calculated from the plots of ln (qe – qt) vs. t (Fig. 9a) and 
the values are given in Table 4. The linear form of the PSO 
model is given by Eq. (7) [62]:

t
q k q

t
qt e e

= +
1

2
2 � (7)

where, the PSO rate constant (k2; g/mg min) and qe,cal were 
calculated from the intercept and slope of t/qt vs. t, shown in 
Fig. 9b. In Table 4, the observed R2 values are nearly unity 
(R2 ≥ 0.99) for the PSO kinetic model, where the values of 
qe,cal are in good agreement with qe,exp. This suggests that 
the adsorption systems studied belong to the PSO kinetic 
model, based on the assumption that the rate-limiting step 
may be chemical adsorption (chemisorption).

3.5. Adsorption thermodynamics

Thermodynamic parameters provide further infor-
mation about inherent energetic changes associated with 
adsorption process. The set of thermodynamic parameters 
of MB onto ATRL were determined by carrying out the 
adsorption experiments at 313, 323 and 333 K. Thermody-
namic constants such as, standard Gibbs free energy change 
(ΔG°), standard enthalpy change (ΔH°) and standard 
entropy change (ΔS°) were calculated using the following 
equations [63]:

k
q
Cd

e

e

= � (8)

Δ Δ ΔΟ ΟG H T S° = − � (9)

Table 3
Comparative of adsorption capacities for MB onto different biomass materials treated with H2SO4

H2SO4-treated biomass Adsorbent dosage, g pH Temp. (K) qmax(mg/g) References

Rubber leaves 0.01 g/100 mL 5.6 303 263.2 This study
Pine-fruit shell 0.3 g/100 mL 8.5 298 529 [46]
Mango peels 0.14 g/100 mL 5~6 303 277.80 [36]
Coconut leaves 0.15 g/100 mL 6 303–323 126.90–149.30 [32]
Euphorbia rigida 0.2 g/100 mL 6 293–313 114 [41]
Bagasse 0.4 g/100 mL 9 300–333 49.8–56.5 [42]
Ficuscarica 0.5 g/100 mL 8 298–323 47.62 [48]
Parthenium hysterophorus 0.4 g/100 mL 7 298 39.7 [44]
Delonixregia pods 0.2 g/100 mL 7 298 23.30 [28]
Wild carrot 0.05 g/100 mL 6 298 21.00 [47]
Sunflower oil cake 0.2 g/100 mL 6 288–318 16.43 [45]
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ln k
S
R

H
RTd =

°
−

°Δ Δ
� (10)

where kd is the distribution coefficient, qe is the concentra-
tion of MB adsorbed on ATRL at equilibrium (mg/L), Ce 
is the equilibrium concentration of MB in the liquid phase 
(mg/L), R is the universal gas constant (8.314J/mol·K) and 
T is the absolute temperature (K). The values of ΔH° and 
ΔS° were calculated from the slope and intercept of van’t 
Hoff plots of lnkd versus 1/T respectively (Fig. 10). The ther-
modynamic parameters are listed in Table 5. In general, the 
negative values for ΔG° at all the studied temperature indi-
cate that adsorption reaction is spontaneous process at high 
temperature, and not require any energy from an external 
source to uptake dye molecules onto ATRL surface [55]. A 
positive value of ΔH° suggests that the adsorption of MB 
onto ATRL surface is an endothermic in nature. A positive 
value of entropy change (ΔS°) implies an increased disorder 
at the solid/liquid interface during the adsorption process 
causing the adsorbate molecules (MB) to escape from the 
solid phase (ATRL surface) to the liquid phase. Therefore, 

the amount of MB molecules that can be adsorbed will 
increase by increasing the adsorption temperature.

4. Conclusion

The research work clearly shows that carbonization 
of rubber leaf by H2SO4 activation provides a low-cost 
adsorbent for the removal of MB dye from aqueous solu-
tions. The adsorption experiments indicated that the pseu-
do-second-order model provided the best description of 
the kinetic uptake properties, while adsorption results at 
equilibrium are described by the Langmuir model where 
the maximum adsorption capacity (qmax) is 263.2 mg/g. The 
thermodynamic parameters indicate that the adsorption 
process is an endothermic in nature and a spontaneous 
adsorption process. The results indicated that ATRL is an 
efficient adsorbent for MB adsorption.
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