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a b s t r a c t
In the present study, the prepared rubber seed shell charcoal (RSS-CH) and activated carbon 
(RSS-AC) from rubber seed shell (RSS) were used as biosorbent for the removal of Cr(VI) and 
methylene blue (MB) from aqueous solutions. The surface characterizations of RSS, RSS-CH, and 
RSS-AC materials were performed using scanning electron microscopy, Fourier-transform infra-
red spectroscopy, and thermogravimetric analysis. The adsorption capacity of adsorbents was 
investigated by varying the pH, initial concentration, contact time, and temperature. The pH 
value on the solution had significant effect for the adsorption process, in which the optimum pH 
for adsorption of Cr(VI) and MB was 3 and 7, respectively. The adsorption isotherm of Cr(VI) was 
described by the Freundlich model while the adsorption process of MB fitted well with Langmuir 
model. The adsorption behavior of Cr(VI) and MB was described by pseudo-second-order kinetic 
model with R2 ~ 0.99. Moreover, the maximum adsorption capacities of Cr(VI) on the RSS-CH and 
RSS-AC were 75.76 and 125 mg/g, respectively. For MB adsorption, maximum adsorption capacities 
on the RSS-CH and RSS-AC were 217.39 and 370.37  mg/g, respectively. The adsorption efficiency 
of Cr(VI) and MB on the RSS-AC showed greater than those of the RSS-CH. Thus, the RSS-AC is a 
suitable, alternative, and high adsorption efficiency adsorbent for the removal of heavy metal and  
dye contaminants in wastewater.
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1. Introduction

Wastewater pollution from a variety of industries is 
discharged into the environment either organic (dyes, phe-
nols, pesticides etc.) or inorganic pollutants (heavy metals, 
nitrates, phosphates etc.) [1–4]. It is an important problem 
to the environment pollution due to the effluent releasing of 
untreated wastewater from industries. Among the various 
environmental pollutants, heavy metals and dyes-contain-
ing wastewater cause damage to the human heath, fauna 
and flora, and aquatic ecosystem because of their non-bio-
degradability, strong oxidation capability, and high toxicity. 

It can also transform as mutagenic and carcinogenic to liv-
ing organisms when it long-term exposure [5]. Hexavalent 
chromium (Cr(VI)) is one of the most harmful effect among 
heavy metals, which is mainly produced from industrial 
processes such as electroplating, leather tanning, mining, 
textile, and ink [6–8]. Methylene blue (MB) is well-known 
for being an organic dye pollution which is widely used for 
extensive application in the colorize substance, especially in 
the textile industry [9–12]. Therefore, the removal of Cr(VI) 
and MB in the contaminated wastewater is essential to 
remove before their discharge into the aquatic environment.

Biological, chemical, and physical techniques that 
are used for the removal of heavy metals and dyes from 
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industrial effluent including photocatalytic degradation 
[13], ion-exchange [14], membrane filtration [15], advance 
oxidation [16], and adsorption methods [17]. Among these 
methods, adsorption has been proved as one of the most 
efficient for water treatment process using different types 
of adsorbents such as polymer [4], resin [6], nano-composite 
[18], zeolite [19] as well as activated carbon [20]. Adsorption 
using activated carbon is extensively used as an adsorbent 
due to its high porosity, large specific surface area, and 
high adsorption capacity [21,22]. Activated carbon materi-
als derived from agricultural waste have been investigated 
in several researches because of its low-cost, simple prepa-
ration, and simple regeneration [23,24]. The alternative 
low cost activated carbons from agricultural waste such as 
eucalyptus leaves [12], corn cob [17], edible fungus resi-
due [25], tea [26], longan seed [27], Peganum harmala seeds 
[28], rice husk [29], acorn shell [30], groundnut shell [31], 
Camellia oleifera seed shell [32] etc. are used as adsorbent for 
the removal of Cr(VI) or MB in aqueous solution. However, 
the raw materials, activation agents, and preparation tech-
niques have an effect on the activated carbon properties.

In general, the activated carbon is prepared by two dif-
ferent methods: physical activation and chemical activation. 
In the physical activation method, the activated charcoal or 
charcoal is produced by carbonized process at high tem-
perature and is activated by steam or CO2. In the chemical 
activation method, the raw material is impregnated with 
different activating agents including NaOH, KOH, H3PO4, 
H2SO4, ZnCl2 etc. and then heated in inert atmosphere 
[12,33–35]. Both activation methods can modify the surface 
area, pore size, and chemical structure of materials [30,36].

In the present study, the adsorption potential of activated 
carbon from rubber seed shell (RSS) using ZnCl2 was inves-
tigated. The rubber seed shell activated carbon (RSS-AC) 
was utilized for the removal of Cr(VI) and MB from aque-
ous solutions, and its adsorption performance was compared 
to that of rubber seed shell charcoal (RSS-CH). The various 
parameters of pH, initial concentration, contact time, and 
temperature were evaluated. Isotherm and kinetic adsorp-
tions were determined to understand the adsorption pro-
cess of Cr(VI) and MB onto the adsorbents. The regeneration 
efficiency of the adsorbents was also evaluated.

2. Materials and methods

2.1. Materials

The collected rubber seed shells were first washed with 
distilled water and then dried at 110°C overnight in an 
oven. The dried seeds were crushed to produce particles of 
the desired size of 2–4  mm. The crushed seeds were used 
as the precursor in the production of RSS-CH and RSS-AC. 
Zinc chloride, potassium dichromate, and methylene blue 
were obtained from Sigma-Aldrich Co., Ltd., Germany. 
All chemicals used are analytical grade.

2.2. Preparations of RSS-CH and RSS-AC

The RSS-CH was prepared through a carbonization pro-
cess in an electric furnace at temperature of 600°C for 3  h. 
Afterward, the sample was washed with distilled water and 
then air dried at room temperature. For the preparation of 

RSS-AC, the RSS precursor was mixed with 20% w/v ZnCl2 
at an impregnation ratio of 1:2 (w/v), sonicated for 1 h, and 
refluxed for a further 6 h. The sample was washed with dis-
tilled water until it became neutral pH and then dried at 
110°C overnight. The dried sample was activated in a furnace 
at 600°C for 3  h. Finally, the activated carbon was washed 
again with distilled water and then air dried at room tem-
perature. The prepared RSS-AC was used for the adsorp-
tion studies of Cr(VI) and MB by comparison with char-
coal adsorbent of RSS-CH.

2.3. Characterization of materials

The samples of the RSS, RSS-CH, and RSS-AC were deter-
mined the surface functional groups by Fourier-transform 
infrared (FTIR) spectrometer (Spectrum GX-1, Perkin Elmer 
Co., Ltd., UK). The surface distribution parameters of the 
adsorbents were performed by Brunauer–Emmett–Teller 
(BET) technique (TriStar II Plus 3.00, Micromeritics Co., 
Ltd., USA) at 77 K using N2 gas adsorption. Scanning elec-
tron microscopy (TM40000Plus, Hitachi High-Tech Co., 
Ltd., Japan) was studied the surface morphology of the RSS, 
RSS-CH, and RSS-AC before adsorption. The thermal deg-
radation characteristics of the adsorbents were evaluated 
by thermogravimetric (TG) analysis (SDT Q600, Lukens 
Drive, New Castle, DE 19720, USA) in N2 atmosphere with 
a heating rate of 10°C/min from ambient temperature up  
to 900°C.

2.4. Adsorption experiments

The stock solutions of Cr(VI) and MB were prepared at 
concentration of 1,000  mg/L. The pH values of these stock 
solution were adjusted by adding with 0.1 M HCl or 0.1 M 
NaOH. The stock solutions were stored for further adsorp-
tion studies. Batch adsorption experiments were conducted 
for investigation the Cr(VI) and MB adsorption onto the 
RSS-CH and RSS-AC adsorbents. For each adsorption sys-
tem, 50 mL of Cr(VI) or MB solutions was added with 0.01 g 
of adsorbent at various pH values under 150  rpm shaking 
and a controlled temperature of 30°C for 3  h. The param-
eters of adsorption process of Cr(VI) and MB, that is, ini-
tial concentration, temperature, and contact time were also 
investigated. The optimum conditions for the adsorptions 
of Cr(VI) and MB were used to determine the adsorption 
isotherm and kinetic studies. The concentrations of the 
residual heavy metal and dye after the adsorption prog-
ress were analyzed by PerkinElmer Lambda 12 UV-Visible 
Spectrometer at wavelength of 540 and 664  nm for Cr(VI) 
and MB adsorptions, respectively. The adsorption capacity 
at equilibrium for Cr(VI) and MB adsorptions, qe (mg/g), 
can be expressed by Eq. (1):

q
C C
M

Ve
i e�
�� �

	 (1)

where Ci and Ce are the concentration of heavy metal or dye 
solutions at initial and given contact time (mg/L), respec-
tively. V is the volume of heavy metal or dye solutions (L) 
and M is the amount of adsorbent (g). The adsorption capac-
ity at a time t, qt (mg/g), is defined by Eq. (2):



175K. Pattarith et al. / Desalination and Water Treatment 313 (2023) 173–185

q
C C
M

Vt
i t�
�� �

	 (2)

where Ct is the concentration at contact time t (mg/L). 
Each batch experiment was conducted in triplicate.

3. Results and discussion

3.1. Characterization

The functional group analysis of the RSS, RSS-CH, and 
RSS-AC samples is shown in Fig. 1. The dominant peaks 
from FTIR of the RSS before and after the surface modifica-
tion are also summarized in Table S1. It is shown that the 
broad peaks for RSS at 3,343 and 2,932 cm–1 are characteristic 
peaks of cellulose, lignin, and pectin corresponding to O-H 
and C-H stretching vibrations, respectively [37]. Compared 
with the spectrum of RSS, the peaks at 1,716–1,670 cm–1 are 
related with the C=O stretching vibration of carboxyl groups 
in hemicellulose of RSS, which disappear in RSS-CH and 
RSS-AC spectrum. The O-H peaks of RSS-CH and RSS-AC 
intensities decrease and observe at 3,396 and 3,398  cm–1, 
respectively. The broad peaks at 1,588 and 1,564  cm–1 are 
also attributed C=O stretching vibration of alkene in RSS-CH 
and RSS-AC. Moreover, the C-O stretching peak of alcohol, 
carboxylic acid, or ether groups of RSS is clearly found at 
1,034  cm–1 while the broad peaks are shifted to 1,170 and 
1,160 cm–1 for RSS-CH and RSS-AC, respectively, this may be 
attributed to the change of FTIR spectrum of the RSS after 
surface modification.

The BET results of RSS-CH and RSS-AC were listed 
in Table 1. It is revealed that the surface area for RSS-AC 
is 972.16  m2/g, which shows greater than that of RSS-CH 

(628.45 m2/g). The surface of RSS-AC is also high total pore 
volume, suggesting that the RSS was significantly damaged 
with ZnCl2 agent during the activation procedure. The pores 
of RSS-CH and RSS-AC are 2.33 and 2.51  nm in diameter, 
respectively. The results imply that the material is predom-
inantly mesoporous [38].

The surface morphologies of the RSS, RSS-CH, and 
RSS-AC are shown in Fig. 2. It can be seen that the RSS-CH 
and RSS-AC surfaces show numerous small pores, in com-
parison with the raw RSS material. Also, the surface of RSS 
under carbonization and chemical activation procedures 
shows small porous structure due to the cellulose, hemi-
cellulose, and lignin components on the RSS surface are 
destroyed via heat and ZnCl2.

Fig. 3. shows the TG and derivative (DTG) profiles for 
the RSS, RSS-CH, and RSS-AC samples. Owing to the evap-
oration of moisture, initial thermal degradation of all three 
samples appeared about 100°C. The major weight loss of the 
RSS sample (270°C–600°C) was decomposed on the main 
constituents of cellulose, hemicellulose, and lignin [21]. 
Moreover, TG curves for RSS-CH and RSS-AC exhibit more 
thermal stability than RSS, which may be the result of the dis-
sociation of C-C bonds. The TG and DTG results also support 
that the surface of the RSS has been successfully modified.

3.2. Adsorption studies

3.2.1. Effect of pH

The effect of solution pH is an important parameter 
of bio-adsorption process and it controls the electrostatic 
interaction between the modified adsorbent surface and 
the heavy metal as well as dye molecule. Fig. 4a shows 
the pH of Cr(VI) adsorption under different pH condi-
tion (pH = 2–7) with a concentration of 250 mg/L. It can be 
observed that the acidic solution at pH ~ 3 is the optimum 
condition with adsorption capacity of 58.42 and 95.68 mg/g 
for Cr(VI) adsorption onto the RSS-CH and RSS-AC, respec-
tively. Normally, the dominant forms of HCrO4

– and Cr2O7
2– 

are found in the solution at pH 2–6 [39]. Therefore, the 
adsorbent surfaces are protonated by H+ ions, which favor 
the electrostatic attraction between anionic forms and the 
positively charged surfaces. When increase pH values, the 
protonation of the surface is weakened with the predom-
inance of OH– ions, leading to an increase in electrostatic 
repulsion between negatively charged ions and adsor-
bent surfaces [40]. As a result, the adsorption capacities 
of Cr(VI) decreased with increasing of pH solution, then 
showed a rapidly decrease after pH 4.

Fig. 4b shows the effect of pH values in the range of 3 
to 9 with concentration of 750 mg/L. At a low pH, the exis-
tence of H+ ions in the solution causes a positive charge on 
the adsorbent surface, which leads to the competition with 

Fig. 1. Fourier-transform infrared spectra of RSS, RSS-CH, and 
RSS-AC.

Table 1
Surface distribution parameters of RSS-CH and RSS-AC

Adsorbents Brunauer–Emmett–Teller surface area (m2/g) Total pore volume (cm3/g) Average pore diameter (nm)

RSS-CH 628.45 0.46 2.33
RSS-AC 972.16 0.72 2.51
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cationic dye molecules. The attractive force between the 
adsorbent and MB is weakened, resulting in a lower adsorp-
tion capacity of dye. However, the positively charge surface 
decreases at a higher pH, which facilitates to the adsorption 
of cationic dye. The optimum value of pH is 7 with adsorp-
tion capacity of 205.05 and 316.16 mg/g for MB adsorption 
onto the RSS-CH and RSS-AC, respectively.

3.2.2. Effect of initial concentration

The variation of the initial concentration of Cr(VI) 
and MB on the adsorption capacity is shown in Fig. 5. It is 
observed that the adsorption capacities of Cr(VI) and MB 
rapidly increase at the initial stage because the ratio of 
Cr(VI) or MB molecules to the unoccupied active site of 

Fig. 2. Scanning electron microscopy images of (a) RSS, (b) RSS-CH, and (c) RSS-AC.

Fig. 3. (a) Dynamic thermogravimetric and (b) derivative curves of RSS, RSS-CH, and RSS-AC under a heating rate of 10°C/min in 
N2 atmosphere.
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the adsorbent is low. At higher concentrations, more adsor-
bate molecules are transported to the surface saturation of 
the binding sites [25]. Therefore, the adsorption efficien-
cies increase and reach equilibrium at 250 and 750 mg/L for 
Cr(VI) and MB adsorptions, respectively.

3.2.3. Effect of contact time and temperature

The amounts of Cr(VI) and MB adsorbed onto the adsor-
bent surfaces with different contact times at temperatures 
of 30°C, 40°C, and 50°C are shown in Fig. 6. The capacity 
of Cr(VI) and MB adsorbed onto the adsorbents rapidly 
increases with the contact time increasing from 10 to 50 min. 
Then, the amount of heavy metal and dye molecules on the 
surface gradually decreases and reaches the equilibrium 
state at a contact time ≥75 min. Initially, the available adsorp-
tion sites and the adsorption capacities reduce in the later 
stage, leading to the saturation sites on the surface and the 
slow diffusion of adsorbate particles into the porous struc-
ture [26]. The effect of temperature at equilibrium indicates 

that the adsorption capacity of heavy metal and dye on both 
adsorbents at 50°C is greater than those at other tempera-
tures. Thus, the adsorption process is endothermic. In addi-
tion, the absorption efficiency of RSS-AC is clearly higher 
than those for RSS-CH, suggesting that adsorption sites and 
surface areas of RSS increase after chemical modification.

3.3. Adsorption isotherms

The mechanisms of the adsorption at equilibrium are 
described with adsorption isotherm models. The Langmuir 
and Freundlich adsorption isotherms are extensively utilized 
to evaluate the interaction behavior during the adsorption 
process via the curve fitting method [41]. The Langmuir iso-
therm model assumes monolayer coverage of heavy metal 
and dye molecules onto the homogeneous surface. The 
linear form of the Langmuir equation is expressed by Eq. (3):

C
q

C
Q bQ

e

e

e

m m

� �
1 	 (3)

Fig. 4. Effect of pH values for (a) Cr(VI) and (b) MB adsorptions on the RSS-CH and RSS-AC.

Fig. 5. Effect of initial concentrations for (a) Cr(VI) and (b) MB adsorptions on the RSS-CH and RSS-AC.
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where Ce is the concentration equilibrium of heavy metal and 
dye (mg/L), qe is the equilibrium adsorption capacity (mg/g), 
Qm is the maximum adsorption capacity (mg/g), and b is the 
Langmuir binding constant (L/mg). A further analysis of 
the Langmuir hypothesis can be estimated using a dimen-
sionless constant, (RL), and it is expressed by Eq. (4):

R
bCL � �
1

1 0

	 (4)

where C0 is the initial concentration of heavy metal and dye 
(mg/L). The RL value describes the suitable for the adsorp-
tion isotherm in the present study, in which it is unfa-
vorable (RL  >  1), favorable (0  <  RL  <  1), linear (RL  =  1), and 
irreversible adsorptions (RL  =  0). The calculated values of 
0–1 represent favorable for adsorption behavior (Table 2).

The Freundlich isotherm model is suitable for the het-
erogeneous adsorption on the surface. The linear Freundlich 
equation is expressed by Eq. (5) [42]:

ln ln lnq K
n

Ce F e� �
1 	 (5)

where KF and n are the Freundlich constant and Freundlich 
exponent, respectively, in which n value relate to the 
adsorption capacity and adsorption strength. The obtained 
values of 1/n < 1 indicate favorable adsorption process.

The parameters of Langmuir and Freundlich adsorp-
tion isotherms of the Cr(VI) and MB adsorptions can be 
obtained from the slope and intercept of the linear plot and 
are summarized in Table 2 and shown in Figs. S1 and S2. 
As considered from R2, the adsorption behavior of Cr(VI) 
on the surface provided fits well with Freundlich isotherm 
(R2 > 0.99), indicating that the adsorption of Cr(VI) is multi-
layer adsorption onto the heterogeneous surface. Meanwhile, 
the adsorption isotherm of MB on the surface fits better to 
Langmuir isotherm, suggesting that the adsorption of MB 
onto the surfaces are distributed with monolayer cover-
age. Moreover, the Cr(VI) and MB adsorption efficiencies 
on the RSS-AC surface are higher than that of the RSS-CH 
surface. It can be also concluded that the RSS-AC has a high 
affinity for the active sites on the surface of adsorbent.

The maximum adsorption capacity of Cr(VI) and MB 
adsorbed on RSS-CH and RSS-AC are compared with other 
adsorbents, as shown in Table 3 [17,20,26,27,31,32,34,35,40,43–
49]. It is revealed that the maximum adsorption capacity of 

Fig. 6. Effect of contact time at different temperatures for Cr(VI) adsorption on the (a) RSS-CH and (b) RSS-AC. Effect of contact 
time at different temperatures for MB adsorption on the (c) RSS-CH and (d) RSS-AC.
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RSS-AC displays higher than those of various adsorbents 
for Cr(VI) and MB adsorptions. In addition, there is no 
investigation of the rubber seed shell as an adsorbent for 
the Cr(VI) and MB removals. Therefore, activated carbon 
prepared from rubber seed shell in this work can be consid-
ered promising adsorbent for removal of heavy metal and 
dye contaminants in aqueous solution.

3.4. adsorption kinetics

To study the kinetic mechanisms of the equilibrium data 
in term of the order of the rate constant, the pseudo-first- 
order and pseudo-second-order kinetics are applied [50].

The linear form of the pseudo-first-order kinetic is 
calculated:

ln lnq q q k te t e�� � � � 1 	 (6)

where qe and qt are the amounts of heavy metal and dye 
adsorbed on the surface at equilibrium and at time t (mg/g), 
respectively. k1 is pseudo-first-order adsorption constant 
(min–1). The value kinetic parameters of k1 and qe can be 
obtained from the plot of ln(qe – qt) vs. t with different tem-
peratures (Fig. S3).

The linear form of the pseudo-second-order kinetic can 
be presented:

t
q k q

t
qt e e

� �
1

2
2 	 (7)

where k2 is the pseudo-second-order adsorption constant 
(g/mg·min). The kinetic parameters of k2 and qe can be 
obtained from the plot of 1/qt vs. t (Fig. S4). The values of 
the kinetic parameters under different temperature were cal-
culated from slope and intercept of the linear plots and are 
summarized in Table 4. It is revealed that the kinetic adsorp-
tions of Cr(VI) and MB on both the RSS-CH and RSS-AC 
fit better with pseudo-second-order model. This indicates 
that the adsorption rate was dependent on both adsorbate 
molecules and adsorbent surfaces. Also, the calculated of 
qe(cal.) is match well with the experimental results.

3.5. Adsorption mechanism

Based on the characterization and adsorption results of 
Cr(VI) and MB adsorptions onto the adsorbents, the pore 

structures of RSS-CH and RSS-AC provided numerous 
adsorption sites, which led to the Cr(VI) and MB adsorp-
tions onto the surface. For the Cr(VI) adsorption at low pH 
optimum, the HCrO4

– form in dilute Cr(VI) solution was 
adsorbed with more positively charged active sites on the 
RSS-CH and RSS-AC by electrostatic attraction, which was 
supported by previously reported studies [6,7,32,40,44]. For 
the MB adsorption, the functional groups of O-H and C=C 
on the adsorbent surfaces and MB structures were interacted 
during adsorption through H-bonding and electrostatic 

Table 2
Langmuir and Freundlich isotherm parameters for the Cr(VI) and MB adsorptions on the RSS-CH and RSS-AC

Adsorbent Langmuir equation Freundlich equation

RL Qm (mg/g) b (L/mg) R2 KF (L/g) n (L/mg) 1/n (mg/L) R2

Cr(VI) adsorption

RSS-CH 0.14 75.76 7.92 × 10–3 0.8729 0.19 1.09 0.92 0.9990
RSS-AC 0.18 125.00 5.92 × 10–3 0.7937 0.37 1.10 0.90 0.9971

MB adsorption

RSS-CH 0.33 217.39 7.99 × 10–3 0.9940 5.92 2.67 0.37 0.8986
RSS-AC 0.32 370.37 8.39 × 10–3 0.9967 6.31 1.84 0.54 0.9017

Table 3
Comparison of the maximum adsorption capacities of Cr(VI) 
and MB adsorptions with different adsorbents

Adsorbents qmax (mg/g) References

Cr(VI) adsorption

Mango kernel activated carbon 7.80 [43]
Almond green hull 10.12 [44]
Modified pomelo peel 21.55 [45]
Longan seed activated carbon 35.02 [27]
Apple peel activated carbon 36.01 [40]
Aerobically digested activated 
sludge

70.15 [46]

Modified groundnut hull 131.00 [31]
Camellia oleifera seed shell 307.26 [32]
Rubber seed shell charcoal 75.76 This study
Rubber seed shell activated carbon 125.00 This study

MB adsorption

Fox nutshell activated carbon 75.37 [47]
Tea waste activated carbon 147.06 [26]
Karanj fruit hull activated carbon 239.40 [48]
Magnetized palm shell-waste 
activated carbon

163.30 [49]

Corn cob activated carbon 333.00 [17]
Ulva lactuca activated carbon 344.83 [20]
Rattan waste activated carbon 359.00 [35]
Hazelnut husk activated carbon 476.20 [34]
Rubber seed shell charcoal 217.39 This study
Rubber seed shell activated carbon 370.37 This study
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interaction. Also, π–π bond occur between aromatic rings 
of the MB structure and aromatic rings of the adsorbent 
[12,25,33,47]. As a results, this greatly increases of the MB 
adsorption onto the surfaces.

3.6. Regeneration studies

The regenerative ability of an adsorbent in the desorp-
tion solution of 0.1 M HCl is an important for reducing the 
cost of the system. The addition of acid may be caused more 
active sites portion of the adsorbents. Fig. 7 shows that the 
reusability performance of the surfaces was determined by 
repeating the adsorption of five cycles using 250 mg/L for the 
initial Cr(VI) concentration and 750 mg/L for the initial MB 
concentration. After five regenerations, the Cr(VI) adsorp-
tion capacities on the RSS-CH and RSS-AC decrease from 

58.26 to 43.36  mg/g and 85.96 to 49.29  mg/g, respectively. 
Whereas, MB adsorption capacities on the RSS-CH and 
RSS-AC decrease from 186.10 to 141.75 mg/g and 326.36 to 
281.04 mg/g, respectively. These result shown that RSS-CH 
and RSS-AC had a good reusability performance after reuse. 
Thus, the effective bioadsorbent of RSS-CH and RSS-AC 
could be utilized as a recyclable adsorbent for the Cr(VI) 
and MB removals.

Moreover, the Cr(VI) and MB-containing on the adsor-
bent should be appropriately eliminated after the adsorption 
process. Ghosh et al. [33] studied the disposal of MB mole-
cules from adsorbent by incineration technique, which can 
produce the ash from the combustion of adsorbent wastes 
at high temperatures. The ash obtained may be used as an 
ingredient in brick manufacturing [7]. Meanwhile, metal 
molecules cannot be completely destroyed with this method. 

Fig. 7. Regeneration plots of (a) Cr(VI) and (b) MB adsorptions.

Table 4
Pseudo-first-order and pseudo-second-order kinetic parameters for the Cr(VI) and MB adsorptions on the RSS-CH and RSS-AC

Adsorbent T (°C) qe(exp) 
(mg/g)

Pseudo-first-order Pseudo-second-order

qe(cal) (mg/g) k1 (min–1) R2 qe(cal) (mg/g) k2 (g/mg·min) R2

Cr(VI) adsorption

RSS-CH 30 57.77 60.69 6.43 × 10–2 0.9132 54.95 1.25 × 10–3 0.9943
40 68.40 78.70 6.98 × 10–2 0.9195 69.93 1.10 × 10–3 0.9949
50 80.56 82.16 7.76 × 10–2 0.9211 80.65 1.09 × 10–3 0.9975

RSS-AC 30 87.45 77.56 7.19 × 10–2 0.9671 88.49 1.05 × 10–3 0.9901
40 113.05 95.85 5.84 × 10–2 0.9734 113.64 7.97 × 10–4 0.9950
50 125.49 102.51 5.00 × 10–2 0.9519 120.48 8.89 × 10–4 0.9934

MB adsorption

RSS-CH 30 173.69 100.64 6.77 × 10–2 0.8609 166.67 2.17 × 10–4 0.9935
40 182.96 110.51 5.72 × 10–2 0.8835 181.82 2.19 × 10–4 0.9928
50 200.08 138.55 6.29 × 10–2 0.8594 208.33 1.88 × 10–4 0.9974

RSS-AC 30 296.08 168.49 9.01 × 10–2 0.8509 270.27 9.48 × 10–5 0.9930
40 331.09 207.29 1.01 × 10–1 0.8337 333.33 6.45 × 10–5 0.9845
50 355.96 259.41 9.77 × 10–2 0.8864 357.14 6.00 × 10–5 0.9705
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Therefore, the metal contamination in the ash from incin-
eration was performed using pyrometallurgical process 
with three steps, that is, leaching with acid solution, purifi-
cation, and metal recovery, respectively [51].

4. Conclusion

In this study, rubber seed shell charcoal and rubber seed 
shell activated carbon were used for the removal of Cr(VI) 
and MB from aqueous solution. The results indicated that 
the RSS-AC has a higher adsorption efficiency with a BET 
surface area of 972.16 m2/g. The adsorption process of Cr(VI) 
showed a good fit in the Freundlich isotherm while adsorp-
tion of MB fitted well with Langmuir isotherm. The effect 
of pH on solution reveals that the acidic solution at pH ~ 3 
was the optimum condition for Cr(VI) adsorption while 
neutral pH was suitable for MB adsorption. The adsorption 
behavior of Cr(VI) and MB was explained by pseudo-sec-
ond-order kinetic with R2 ~ 0.99. The maximum adsorption 
capacities of Cr(VI) on the RSS-CH and RSS-AC were 75.76 
and 125.00 mg/g, respectively. For MB adsorption, maximum 
adsorption capacities on the RSS-CH and RSS-AC were 
217.39 and 370.37 mg/g, respectively. Therefore, the RSS-AC 
exhibited high adsorption efficiency when compared with 
RSS-CH. Based on these results, the RSS-AC is the effec-
tive adsorbent for use in the removal of heavy metal and 
dye contaminants in wastewater.
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Supplementary information

Table S1
Dominant peaks from Fourier-transform infrared spectroscopy of the RSS, RSS-CH, and RSS-AC

Functional groups Characteristic absorption (cm–1)

RSS RSS-CH RSS-AC

O-H stretching of alcohol group 3,343 3,396 3,398
C-H stretching 2,932 – –
C=O stretching of carboxyl group 1,716–1,670 – –
C=C stretching of alkene – 1,588 1,564
C-O stretching of alcohol, carboxylic acid, or ether groups 1,034 1,160 1,170

Fig. S1. (a) Langmuir and (b) Freundlich adsorption isotherms for Cr(VI) adsorption on the RSS-CH. (c) Langmuir and (d) Freundlich 
adsorption isotherms for Cr(VI) adsorption on RSS-AC.
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Fig. S2. (a) Langmuir and (b) Freundlich adsorption isotherms for MB adsorption on the RSS-CH. (c) Langmuir and (d) Freundlich 
adsorption isotherms for MB adsorption on RSS-AC.

Fig. S3. Linear fit curves of (a) pseudo-first-order and (b) pseudo-second-order for Cr(VI) adsorption on the RSS-CH. Linear fit 
curves of (c) pseudo-first-order and (d) pseudo-second-order for Cr(VI) adsorption on RSS-AC.
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Fig. S4. Linear fit curves of (a) pseudo-first-order and (b) pseudo-second-order for MB adsorption on the RSS-CH. Linear fit curves 
of (c) pseudo-first-order and (d) pseudo-second-order for MB adsorption on RSS-AC.


