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Adsorption of Hexavalent Chromium and Methylene Blue onto the 

Rubber Seed Shell Activated Carbon: Isotherm and Kinetic Studies 

 

Kongsak Pattarith, Supattra Tangtubtim, Suphawarat Thupsuri* 

 

ABSTRACT 

Rubber seed shell (RSS) is a low-cost agricultural by-product. It has been utilized to produce two 

adsorbents, rubber seed shell charcoal (RSS-CH) and rubber seed shell activated carbon (RSS-

AC) for removal of hexavalent chromium (Cr(VI)) and methylene blue (MB) from aqueous 

solutions. The surface morphology, thermal behavior, and FTIR were characterized to confirm 

the successful modification on the surface of the RSS. The effects of adsorption process such as 

pH, initial concentration, contact time, and temperature were also studied. The adsorption 

isotherm results revealed that the Langmuir isotherm model was a good fit for the Cr(VI) and 

MB adsorption processes. The Cr(VI) adsorption kinetic was explained by pseudo-first-order 

kinetic model and MB adsorption was followed with pseudo-second-order kinetic model. 

Moreover, the maximum adsorption capacities for Cr(VI) and MB adsorptions on the RSS-AC 

were 156.25 and 370.37 mg/g, respectively, which showed greater than those on the RSS-CH. 

Thus, the RSS-AC is a suitable, alternative, and high adsorption efficiency biosorbent for the 

removal of heavy metal and dye contaminants in wastewater. 
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Article Highlights 

 The adsorbents of RSS-CH and RSS-AC were utilized for removal of Cr(VI) and MB 

from aqueous solutions. 

 The optimum conditions (pH, initial concentration, contact time, and temperature) were 

investigated to study the kinetic and isotherm adsorption processes for the Cr(VI) and 

MB adsorptions. 

 The RSS-AC could be used as an alternative high-efficiency adsorbent for removal of 

Cr(VI) and MB. 
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1 Introduction 

 

At present, industrial waste from manufacturing processes, in either gas, liquid, or solid form 

depending upon the characteristics of the waste (Yin et al. 2019). It is released in excess into the 

environment. The discharge of wastewater containing heavy metals and dyes has become a 

particularly significant issue (Obiora-Okafo et al. 2022). Due to their complex molecular 

structures are low biodegradability and strong oxidation capability, pollutants cause severe 

damage to both human health and the ecosystem (Tran et al. 2015). They can transform into 

toxic or carcinogenic compounds (Abdeen and Mohammad 2014). Hexavalent chromium 

(Cr(VI)) originated from the wastewater of the electroplating, leather tanning, mining, textile, 

and ink industries (Liang et al. 2013; Hassanpour et al. 2018). It is one of the important heavy 
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metal pollutants present in the environment (Saha et al. 2011). Methylene blue (MB) is an 

organic dye with a positive electrical charge that is widely used for extensive application in the 

colorize substance especially in the textile industry (Manikandan et al. 2018; Pawar et al. 2018; 

Moradi 2014). The presence of Cr(VI) and MB in contaminated wastewater can adversely impact 

the health of human beings, fauna and flora, and aquatic ecosystems (Wang et al. 2020; Nguyen 

et al. 2013; Li et al. 2020; Kumar and Jena 2016; Liu et al. 2016). Therefore, the removal of such 

pollutants is necessary before the discharge of wastewater into natural bodies of water. 

Adsorption has proved to be one of the most effective technics for the removal of toxic 

pollutant contaminated from industrial effluent (Cui et al. 2016; El-Enein et al. 2020; Wang et al. 

2015). Several investigations on the development both of the natural and synthetic adsorbents for 

adsorption process have been performed (Choi 2019; Gómez et al. 2018; Hamami and 

Javanbakht 2021; Ghaedi et al. 2013). Activated carbon is extensively employed as an adsorbent 

due to its excellent properties such as high porosity large and surface area (El Nemr et al. 2021; 

Sultana et al. 2022; Mandal et al. 2021; Kumar et al. 2021; Saha et al. 2020). However, the raw 

materials commonly used to make activated carbon are expensive and difficult to regenerate. 

This has led to the use of agricultural waste in the production of activated carbon for heavy metal 

and dye removals from wastewater (Darweesh et al. 2022; Medhat et al. 2021; Thotagamuge et 

al. 2021). Rubber seed shell (RSS) is an agricultural waste material from natural rubber tree, 

which is widely cultivated in areas of Southeast Asia, including Thailand, Malaysia, and 

Philippines (Bhattacharjee et al. 2021). The latex rubber is a major product of the natural rubber 

tree, which is an extreme economic importance. Whereas, the potential usefulness of its by-

product has previously attracted little attention. However, the huge amount of rubber seed shells 

generated during the cultivation of rubber trees has become an environmental problem for rubber 

tree plantations. This has led to RSS being chosen as a raw material for the preparation of low-

cost adsorbent (Ekebafe et al. 2017; Sun and Jiang 2010). 

The focus of this study is to investigate the adsorption potential of activated carbon from 

RSS using ZnCl2 activation method. The RSS activated carbon (RSS-AC) was utilized for the 

removal of Cr(VI) and MB from aqueous solutions, and its adsorption performance compared to 

that of RSS charcoal (RSS-CH). The various parameters of pH, initial concentration, contact 

time, and temperature were evaluated. Isotherm and kinetic adsorptions were determined to 



understand the adsorption process of Cr(VI) and MB onto the adsorbents. The regeneration 

efficiency of the adsorbents was also evaluated. 

 

2 Materials and methods 

2.1 Materials 

 

Rubber seed shell (RSS) was the raw material used in this study. The collected seeds 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 purchased from Sigma Aldrich. All chemicals used are analytical 

grade. 

 

2.2 Preparation of RSS-CH and RSS-AC  

 

The RSS-AC was prepared through one-step chemical activation using ZnCl2. The dried 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 distilled water until it became 

neutral pH and then dried at 110 C overnight. The carbonization process was performed in an 

electric furnace at temperature of 600 C for 3 h. Finally, the activated carbon was washed again 

with distilled water and then air dried at room temperature. The prepared RSS-AC was used for 

the adsorption studies of Cr(VI) and MB by comparison with adsorbent material of RSS-CH with 

non-activate carbon. 

 

2.3 Characterization of materials 

 

 The samples of the RSS, RSS-CH, and RSS-AC were determined the surface functional 

groups by FTIR spectrometer (Spectrum GX-1, Perkin Elmer Co., Ltd., UK). The surface 

distribution parameters of the adsorbents were determined by BET technique (TriStar II Plus 

3.00, Micromeritics Co., Ltd., USA) at 77 K using N2 gas adsorption. Scanning electron 



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 degradation 

characteristics of the adsorbents was evaluated by thermogravimetric (TG) analysis (SDT Q600, 

Lukens Drive, New Castle, DE 19720, USA) in N
2
 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 1000 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 adsorption studies. Batch adsorption experiments were 

conducted for investigation the Cr(VI) and MB adsorption behavior onto the RSS-CH and RSS-

AC adsorbents. For each adsorption system, 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 parameters of adsorption process of Cr(VI) and MB, i.e., initial concentration, 

temperature, and contact time were investigated. The optimum conditions for the adsorptions of 

Cr(VI) and MB were used to determine the adsorption isotherm and kinetic studies. The 

concentration of the residual heavy metal and dye after the adsorption progress were analyzed by 

PerkinElmer Lambda 12 UV-Visible Spectrometer at wavelength of 540 and 664 nm for Cr(VI) 

and MB solutions, respectively. The adsorption capacity at equilibrium for Cr(VI) and MB 

adsorptions, qe (mg/g), can be expressed by Eq. (1): 
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                                                                                                                             (1) 

 

where Ci and Ce are the concentration of heavy metal or dye solutions at initial and given contact 

time (mg/L), respectively. V is the volume of heavy metal or dye solutions (L) and M is the 

amount of adsorbent (g). The adsorption capacity at a time t, qt (mg/g), was defined by Eq. (2): 
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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 FTIR spectra of RSS reveals that the broad peak at 3343 cm-1 is attributed to the OH 

stretching vibration due to the presence of cellulose, lignin, and pectin. The peaks at 1705 and 

1680 cm-1 are related with the C=O stretching vibration of carboxyl groups in hemicellulose 

(Zhuan et al. 2020). The sharp peak at 1027 cm-1 correspond to the CO stretching for lignin 

characteristic. In contrast, the spectra of RSS-CH and RSS-AC are not only frequency-shifted 

but also feature additional peaks at 1560 cm-1 (C=C bonds), 1465 cm-1 (CH bonds), and 1145 

cm-1 (CO bonds). These results indicate that the formation of new bands after the RSS 

carbonization and activation processes could be obviously changed in the functional groups of 

the RSS raw material (Lima et al. 2008). 

 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 267.13 m2/g which shows greater than that of RSS-CH (255.23 

m2/g). The total pore volume of RSS-AC (0.15 cm3/g) is also higher, suggesting that the surface 

structure of 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 predominantly mesoporous (Anyika et al. 2017). 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 comparison with the raw RSS 

material. Also, the surface of RSS under chemical activation procedure shows honeycomb-like 

porous structure due to the cellulose, hemicellulose, and lignin of RSS are destroyed via heat and 

ZnCl2.  

 Fig. 3. shows the thermogravimetric (TG) and derivative (DTG) profiles for the RSS, RSS-

CH, and RSS-AC samples. Owing to the evaporation of moisture, initial thermal degradation of 

all three samples appeared about 100 C. The major weight loss of the RSS sample (270 – 600 



C) was decomposed on the main constituents of cellulose, hemicellulose, and lignin (Mandal et 

al. 2021). Moreover, TG curves for RSS-CH and RSS-AC exhibit more thermal stability than 

RSS, which may be the result of the dissociation of CC bonds. These 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 bioadsorption process and it controls 

the electrostatic interaction between the modified adsorbent surface and the heavy metal as well 

as dye molecules. Heavy metal adsorption on the RSS-CH and RSS-AC was determined at pH 

values in the range of 2 to 7 with a concentration of 250 mg/L (Fig. 4a). Dye adsorption was 

studied at pH values in the range of 3 to 9 with concentration of 750 mg/L (Fig. 4b). For Cr(VI) 

adsorption, the acidic solution (pH = 3) was the optimum condition with adsorption capacity of 

58.42 and 95.68 mg/g for Cr(VI) adsorption onto RSS-CH and RSS-AC, respectively. In a 

strongly acidic solution, a large number of anionic forms in the solution ( 
4HCrO and 2

72OCr ) 

have greater attraction toward the surface of adsorbent with positively charged adsorption sites, 

resulting in an increase of Cr(VI) adsorption capacity (Liu et al. 2017). With an increasing pH, 

the competition between the OH  and anionic chromate ions occurs, leading to a decrease in 

adsorption capacity. Hence, the Cr(VI) adsorption efficiency is a suitable condition at low pH. 

For MB dye adsorption, the optimum condition in MB solution was pH 7 with adsorption 

capacity of 215.05 and 336.16 mg/g for MB adsorption onto RSS-CH and RSS-AC, respectively. 

Under acidic solution, the surface of the adsorbent is surrounded by H
+
 ions leading to a weak 

interaction between the MB (cationic pollutant) and the adsorption sites, resulting in a decrease 

of the adsorption capacity for MB adsorbed on the surface. Thus, the MB adsorption efficiency is 

greatest at high pH values. This may be due to the electrostatic attraction between dye and 

adsorbent being strengthened with decreasing H
+
 concentration (Ijagbemi et al. 2010). 

 

 

 



3.2.2 Effect of initial concentration 

 

 To determine the effect of Cr(VI) and MB initial concentration onto the adsorbents, the 

initial Cr(VI) concentration was varied from 10 to 500 mg/L and the initial MB concentration 

from 10 to 1,000 mg/L. In Fig. 5, the adsorption capacity of Cr(VI) adsorbed on RSS-CH and 

RSS-AC rapidly increases and reaches an equilibrium at 250 mg/L. Similarly, the adsorption of 

MB reaches saturation at 750 mg/L. The enhanced adsorption efficiency with increasing initial 

concentration might be corresponded to the high utilization of available vacant site on the surface 

and adsorption rate of heavy metal and dye adsorptions. In addition, an increased initial 

concentration provides a powerful mass transfer between the adsorbate and adsorbent surface, 

resulting in higher adsorption capacity (Tuli et al. 2020). 

 

3.2.3 Effect of contact time and temperature 

 

 The amount of Cr(VI) and MB adsorbed onto the adsorbent surfaces with different contact 

times at temperatures of 30, 40, and 50 C is shown in Fig. 6. The Cr(VI) and MB adsorption 

capacity rapidly increase with the contact time of 60 min and 200 min, respectively. At higher 

contact times, the adsorption capacities gradually decrease in the later stages of adsorption 

because of the slow diffusion of heavy metal and dye particles through the solution to reach the 

internal pore adsorbent sites. When the temperature change from 30 to 50 C, the amount of 

heavy metal and dye adsorptions decreased at high temperature because more kinetic energy of 

their molecules leading to an increase desorption efficiency on the surface (Ashokan et al. 2021). 

 

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 (Langmuir 

1918). The Langmuir isotherm 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): 
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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 dimensionless constant, (RL), and it is expressed by Eq. (4):  
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where C0 is the initial concentration of heavy metal and dye (mg/L). The RL value describes the 

suitable for the adsorption isotherm in the present study, in which it is unfavorable (RL > 1), 

favorable (0 < RL < 1), linear (RL = 1), and irreversible adsorption (RL = 0). The value of 0 – 1 

represents favorable for adsorption behavior (Table 2). 

 The Freundlich isotherm model is suitable for the heterogeneous adorption on the surface. 

The linear Freundlich equation is represented by Eq. (5) (Freundlich 1906): 
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where KF and n are the Freundlich constant and Freundlich exponent, respectively, which n value 

relate to the adsorption capacity and adsorption strength.  

 The parameters of the Langmuir isotherm and Freundlich isotherm can be obtained from the 

corresponding slope and intercept of linearly plotting (Table 2). The adsorption isotherms of both 

Cr(VI) and MB on the surface provide a better fit for the Langmuir isotherm with a high 

correlation coefficient than for the Freundlich isotherm, indicating that the adsorption of heavy 

metal and dye onto the surfaces are distributed with monolayer coverage. Moreover, the Cr(VI) 

and MB adsorption efficiencies on the RSS-AC surface are higher than that of the RSS-CH 

surface, suggesting that the RSS-AC has a higher affinity binding sites. 



3.4 Adsorption kinetics 

 

 To study the kinetic mechanisms in term of the order of the rate constant, pseudo-first-order 

and pseudo-second-order kinetics are applied (Ho and Mckay 1998). The linear form of the 

pseudo-first-order kinetic is calculated as follows: 

 

tkqqq 1ete ln)ln(                                                                                                                     (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). In Table 3, 

the value kinetic parameters of k1 and qe can be obtained from the plot of ln(qe - qt) versus t with 

different temperatures (). The correlation coefficients of the pseudo-first-order model are greater 

than 0.99 for Cr(VI) adsorption onto the RSS-CH and RSS-AC when compare with the 

corresponding values for the pseudo-second-order model, indicating that the Cr(VI) adsorption 

obey the pseudo-second-order kinetic. 

 The linear form of the pseudo-second-order kinetic can be presented as follows: 
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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 versus t. The MB kinetic adsorption fit well with 

the pseudo-second-order model (R2 > 0.99), implying that the adsorption rate is dependent on 

both adsorbate and adsorbent. It also shows that this adsorption process involves valence force 

via electron exchange between MB and surface. 

 

3.5 Regeneration studies 

 

 The regenerative ability of an adsorbent in the desorption solution of 0.1 M HCl is an 

important for reducing the cost of the adsorption process. Fig. 7 shows that the reusability 



potential 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 at 30 C 

for 3 h contact time. After 5 regenerations, the Cr(VI) and MB adsorption capacities on the RSS-

CH decrease from 58.26 to 43.36 mg/g and 186.14 to 141.75 mg/g, respectively. While, the 

Cr(VI) and MB adsorption capacities on the RSS-AC decrease from 85.96 to 49.29 mg/g and 

326.36 to 281.04 mg/g, respectively. The adsorption capacity of the adsorbents decreases with 

enhancing number of recycle times due to its the diminishing of active sites on the surface 

(Miraboutalebi et al 2017). Therefore, the effective bioadsorbent of RSS-CH and RSS-AC could 

be utilized as a recyclable adsorbent for the Cr(VI) and MB removal. 

 

4 Conclusions 

 

 In this study, the prepared charcoal and activated carbon adsorbents by using a low-cost RSS 

as a raw material have been used for the Cr(VI) and MB removal from aqueous solutions. The 

modified adsorbent surfaces exhibited honeycomb-like porous structure due to its were destroyed 

via heat and activating agent. The equilibrium adsorption of Cr(VI) and MB on both RSS-CH 

and RSS-AC adsorbents showed a good fit in the Langmuir isotherm. The kinetic of Cr(VI) 

adsorption behavior was described by pseudo-first-order kinetic whereas the kinetic of MB 

adsorption explained by pseudo-second-order kinetic. The RSS-AC exhibited high adsorption 

efficiency when compared with RSS-CH. Therefore, the RSS-AC is the effective adsorbent for 

use in the removal of heavy metal and dye contaminants in wastewater.  
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Figure captions 
 

Fig. 1 FTIR spectrum for (a) RSS, (b) RSS-CH, and (c) RSS-AC. 

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

Fig. 3 (a) Dynamic TG and (b) DTG curves of RSS, RSS-CH, and RSS-AC under a heating rate 

of 10 C/min in nitrogen. 

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

Fig. 5 Effect of initial concentration for (a) Cr(VI) and (b) MB adsorptions on RSS-CH and 

RSS-AC. 

Fig. 6 Effect of contact time and temperature for Cr(VI) adsorption on (a) RSS-CH and (b) RSS-

AC. Effect of contact time and temperature for MB adsorption on (c) RSS-CH and (d) RSS-AC. 

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

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Table 1 

Surface distribution parameters of RSS-CH and RSS-AC. 

Adsorbent BET surface area (m2/g) Total pore size (cm3/g) Average pore diameter (nm) 

RSS-CH 255.23 0.14 2.51 

RSS-AC 267.13 0.15 2.33 

 

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 

 R
L
 Qm (mg/g) b (ml/mg) R2  K

F
 (L/g) n (L/mg) R2 

Cr(VI) adsorption 

RSS-CH  0.75 126.58 0.0013 0.9952  7.10 1.0458 0.9772 

RSS-AC  0.67 156.25 0.0020 0.9950  3.71 1.0106 0.9902 

MB adsorption 

RSS-CH  0.17 222.22 0.0064 0.9860  1.62 0.9247 0.9733 

RSS-AC  0.14 370.37 0.0085 0.9920  1.31 1.0289 0.9912 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Table 3 

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) q
e (exp.) 

(mg/g) 

 Pseudo-first-order  Pseudo-second-order 

 
q

e
 (cal.) 

(mg/g) 

k
1
 

(min-1) 

R2  q
e
 (cal.) 

(mg/g) 

K
2
 

(g/mg.min) 

R2 

Cr(VI) adsorption 

RSS-CH 30 58.79    60.04 0.0635 0.9965    90.09 0.0004 0.9060 

 40 47.14    49.18 0.0572 0.9915    96.15 0.0002 0.9126 

 50 33.89    36.35 0.0507 0.9830    23.75 0.0002 0.8600 

RSS-AC 30 88.70    69.71 0.0518 0.9994    74.62 0.0003 0.9837 

 40 75.02    65.60 0.0623 0.9998    72.46 0.0002 0.9758 

 50 50.47    51.16 0.0647 0.9984    75.19 0.0008 0.9901 

MB adsorption 

RSS-CH 30 186.94    12.24 0.0086 0.7730    40.32 0.0053 0.9993 

 40 174.10    11.62 0.0085 0.7459    36.36 0.0054 0.9996 

 50 161.80    11.58 0.0086 0.6803    34.24 0.0073 0.9992 

RSS-AC 30 326.73  224.07 0.0455 0.8656  200.00 0.0042 0.9994 

 40 306.05  232.29 0.0427 0.7935  172.41 0.0035 0.9983 

 50 256.45  195.19 0.0439 0.7673  174.05 0.0039 0.9962 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

Fig. 1 FTIR spectrum for (a) RSS, (b) RSS-CH, and (c) RSS-AC. 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

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

 

 

Fig. 3 (a) Dynamic TG and (b) DTG curves of RSS, RSS-CH, and RSS-AC under a heating rate 

of 10 C/min in nitrogen. 



 

 

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

 

 

Fig. 5 Effect of initial concentration for (a) Cr(VI) and (b) MB adsorptions on the RSS-CH and 

RSS-AC. 

 

 

 

 

 

 



 

 

Fig. 6 Effect of contact time and temperature for Cr(VI) adsorption on the (a) RSS-CH and (b) 

RSS-AC. Effect of contact time and temperature for MB adsorption on the (c) RSS-CH and (d) 

RSS-AC. 

 

 

 

 

 

 

 

 



 

 

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

 


