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Abstract 

The aim of this study is to find an effective green waste (GW) natural material as an adsorbent for the removal of C.I. 

Reactive Red 43 (RR43) from an aqueous solution using batch experiments. Agricultural-by-products such as Peanut Shell 

(PS) and Corn Cobs (CC) have been used as (GW). Scanning electron microscopy (SEM) coupled with Energy Dispersive 

X-ray (EDX) and Fourier transform infrared spectrometer (FTIR) techniques were used to characterize the adsorbent before 

and after adsorption process. The influence of operating factors such as adsorbent dose, initial concentration of dye, contact 

time, pH solution and temperature were studied. The equilibrium data was analyzed by Langmuir and Freundlich isotherm 

models and showed a good fit with the Freundlich isotherm (R2=0.999). Batch kinetic data were analyzed using pseudo-first 

order and pseudo-second order kinetic models, the adsorption kinetics data were fitted to pseudo-second order kinetic model 

with a good agreement with the intra-particle diffusion model. The parameters of thermodynamic including enthalpy ΔH°, 

entropy ΔS° and free energy ΔG° demonstrated that the adsorption process was feasible, spontaneous, and exothermic in 

nature.  The results clarified that a large percentage removal, and the optimized conditions were (7.6±0.2 and 4.3±0.2) 

solution pH for PS and CC respectively, 20mg/L initial dye concentration, adsorbent dose 0.1 gm/20 ml, and 90 min 

adsorption time. 80.46% and 86.76% of dyes were removed by PS and CC respectively at experimental optimum conditions. 

These agricultural by-products are renewable, biodegrade able, inexpensive, and easily accessible with little or no cost. Their 

application as adsorbents is in line with the current trend of green chemistry and green environmental policies.  

Keywords: Reactive Red 43 (RR43), Low-Cost adsorbents, Adsorption Isotherm, Kinetic, Thermodynamic 

1. Introduction 

Dyes are known to be toxic and persistent compounds 

in the environment [1], the latter are mainly classified 

in to anionic, cationic, and nonionic dyes, indeed, the 

toxicity of cationic dyes is higher than that of anionic 

dyes. [2]. Pollution from industrial discharges is 

currently receiving particular attention worldwide. 

Nowadays, there are more and more cases of 

ecosystem alterations and public health problems that 

can lead to the elimination of living species (plants, 

animals, humans).  

Numerous studies have shown that certain dyes are 

responsible for several diseases [3-5] and can cause 

skin irritation, allergic dermatitis, kidney, central 

nervous system, liver, and brain dyes functions [6,7] 

and can also cause cancer and mutations. As a result, 

not only is efficiency in the removal of organic 

materials from wastewater vital in the selection of a 

suitable technique in terms of the environment and 

economy, but also the required raw materials and 

costs play a critical role. Reactive dyes are very toxic 

and harmful for living and aquatic life. They may 

cause cancer, skin diseases, and allergic reactions [8-

10].  

Besides the toxic, mutagenic, and carcinogenic effect, 

the presence of reactive dyes causes aesthetic damage 

to water bodies, increases water turbidity, and reduces 

the penetration of light through water. Adsorption, 

unlike the other technique, could be a potential 

alternative for removing dyes from aqueous solution 

due to its efficiency, high selectivity, low cost, ease 

of operation, and implicitly, availability under a wide 

range of experimental settings, among other 

advantages [11,12]. All of these benefits, however, 

are dependent on the nature of adsorbent material 

utilized in the adsorption processes of dye. As a 

result, a commonly available adsorbent material with 
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a simple preparation technique will boost the 

adsorption process' benefits and will advocate this 

method for possible widespread use. 

            As a result, numerous studies in recent years 

have revealed the possible use of agricultural by-

products and industrial wastes in the manufacture of 

adsorbents. Many agricultural by-products, such as 

rice wine lees [13] corn cob and sapota seed powder 

[14], banana peels [15], on peanut hull [16], etc., have 

been examined for their absorptive capabilities as 

inexpensive adsorbents. The goal of this study is to 

determine the potential of PS and CC native as green 

waste (GW) for the removal of reactive red 43 

(RR43) dye from a solution. PS and CC may be used 

as dye adsorbents because of their chemical 

compositions, which included a large quantity of 

cellulose, pectin, hemicellulose, and lignin, as well as 

a variety of polar functional groups such as hydroxyl, 

carboxylic, and phenolic acid groups. [17-19].

 The aim of this research is to use agricultural 

waste by-product as GW to removal of RR43 dye 

from aqueous media by PS and CC as adsorbent. The 

effect of variables such as dose of adsorbent, initial 

dye concentrations, solution pH, contact time, and 

temperature on dye removal efficiency from aqueous 

solution was investigated. The adsorption and 

removal mechanism of PS and CC on the RR43 were 

discussed by fitting the isothermal adsorption 

equation and kinetic equation, the pseudo-first order 

and pseudo-second-order models were used to 

investigate the adsorption kinetics. Langmuir and 

Freundlich isotherm models were used to analyses the 

equilibrium data. The adsorption's thermodynamic 

characteristics were also studied, which may provide 

a new idea for wastewater treatment from toxic azo 

dye by PS and CC as adsorbent. 

The application of the adsorption method to the 

process of removing polluting organic ions from 

wastewater, rather than the most common separation 

process in current research, is novel in this study, and 

the removal process is characterized by ease of 

implementation, like the adsorption process.  

 

2. Materials and Methods  

2.1. Sorbent 

with the goal of valuing agricultural waste, a less 

economical and effective support for dye retention is 

being examined. This study suggests natural supports 

which are the local as (PS) and (CC), this adsorbent is 

prepared by firstly washed with distilled water to 

remove the surface adherent particles and water-

soluble components impurities. Then it’s dried with 

the exposure of the sun light, in order to eliminate de 

humidity and facilitate crushing. After that, were 

dried in an oven at 105°C to remove moisture and 

enable grinding. The dried slices were crushed and 

sieved to a particle size range of 0.315 mm before 

being kept in a dissector for further use. A portion of 

the solid support is chemically activated. 

2.2. Materials 

The C.I. Reactive Red 43 dye was supplied from 

Sigma–Aldrich company, Egypt. The characteristics 

of the dye are listed in Table (1). All chemicals used 

in the adsorption experiments were purchased from 

Merck and used without further Purification. The de 

ionized water was used for preparation of dye stock 

solution. The dye stock solution was prepared by 

dissolving 1 gm of dye in 1000 ml of double distilled 

water to give the concentration of 1000 mg/L. The pH 

value of the working solutions was adjusted to the 

desired values by using 0.1 M HCl or 0.1 M NaOH. 

 

      2-3. Batch Experiment 

The influence of several variables on the sorption of 

RR43 was studied, including initial concentration of 

dye, contact time, adsorbent dose, and temperature. 

Batch adsorption experiments with a known mass of 

adsorbent and 20 ml of dye solution were carried out 

in 250 ml Erlenmeyer flasks under an isothermal 

shaker (301C) and agitation speed 250 rpm. The 

suspended particles in each sample were then filtered, 

and the dye concentration in the supernatant was 

determined using a double beam UV−Vis 

Spectrophotometer at 503 nm. The amount of 

adsorption capacity (qe) and percentage of adsorption 

were calculating as follows: 

 Removal (%R) is calculated from the formula.  

%R = 
𝑪𝟎−𝑪𝒆

𝑪𝟎
 𝒙𝟏𝟎𝟎                                      (𝟏) 

The optimum time is obtained from the plot 

adsorption capacity versus time using the formula: 

𝒒𝒕 =
(𝑪𝟎 − 𝑪𝒕)𝑽

𝑾
                                      (𝟐) 

Also the equilibrium time for the adsorption of the 

dye is obtained using the formula; 

𝒒𝒆 =
(𝑪𝟎 − 𝑪𝒆)𝑽

𝑾
                                        (𝟑) 

Where C0, Ct and Ce represent the initial, time and 

equilibrium concentrations of the dye (mgL-1), 

respectively and w is the weight of the adsorbent (g), 

where V is the volume of dye solution (L). 

 

Table (1): Some of Physical Properties of C.I. Reactive Red 43. 
Dye 

name 

IUPAC name:  

 

Mol. 

 formula 

Mwt 

 

λ max Structure formula 

 

 

RR43 

trisodium;2-[[6-[[4-chloro-6-

(3-sulfonatoanilino)-1,3,5-

triazin-2-yl] amino]-1-oxido-

3-sulfonaphthalen-2-

yl]diazinyl]-5-

methoxybenzene sulfonate 

 

C26H17ClN7Na3O11S3 

 

804.07 

 

503 

nm 
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3. Results and Discussion 

     3.1. Sorbent Characterization: 

    3.1.1. Scanning Electron Microscopy (SEM) 

Scanning electron microscopy (SEM) was used 

to examine the morphological characteristics of 

(PS and CC) adsorbent. SEM images of the 

adsorbent surface before and after adsorption 

tests are shown in Figure (1). The porous and 

rough structure of the adsorbent is easily 

recognized in Figures (1a and b) which is very 

advantageous for adsorption applications. The 

surface structure of sorbent changed after dye 

adsorption, as observed in Figures (1c and d). On 

the surface of dye-adsorbed, the rippled and 

rough surface became a smoother and tighter 

structure, proving the effective adsorption of dye 

via a stable dye layer on the surface of adsorbent 

material. 

 

3.1.2 Energy Dispersive X-ray (EDX) 

The percentage weight of chemical 

compositions available on the surface was 

determined using an Energy Dispersive 

Spectrometer (EDX) analysis for PS and CC as 

adsorbents before and after the RR43 adsorption 

procedure, as shown in Figure (2). The results 

are organized in the table below. Figure (2), 

show, EDX analysis of sorbent according to 

table; the biggest levels corresponded to the PS 

and CC, as well as oxygen, demonstrating the 

adsorbent's organic nature. 

 

3.1.3. Fourier Transform Infrared 

Spectroscopy (FTIR) 

The functional groups present on the PS 

and CC surfaces were identified using FTIR 

spectra. Figures (3 and 4) shows that the broad 

overlapping band at 3421 cm–1 can be attributed 

to υ(O–H) groups contained in lignin, cellulose 

and hemicelluloses. The band observed at 2921 

cm–1 is assigned to asymmetric C–H band. The 

two strong absorption peaks in 1737 and 1624 

cm–1 was assigned to carbonyl C=O stretching 

(present in esters, aldehydes, ketones groups and 

acetyl derivatives) and C=C, respectively 

[20,21]. These all-bands changes after adsorption 

as shown in Figure (4). Sorption peaks at 3421 

changed to 3436 cm-1, 1737 to 1460 cm-1 and 

542 to 539 cm-1 which may be due to functional 

process of RR43 dye on PS and CC adsorbent 

[22]. 

 

   3.2. Point of Zero Charge (pHpzc)  

The pHZPC of Gw was determined by 

using the batch equilibration method. This 

technique is dependent on the H+ or OH– from an 

aqueous media are adsorbed onto the surface of 

Gw. Depending on the pH of the solution and the 

characteristics of Gw, the groups on the surface 

of Gw can either accept or donate an additional 

proton from the solution. The surface of GW 

becomes positively charged by accepting of 

protons from the acidic solution; by contrast, it 

becomes negatively charged due to the loss of 

protons in a basic solution.

 

  

  

Fig. 1: SEM Images of (a) PS, (b) CC before adsorption of RR43 and (c)PS, (d) CC after 

adsorption process 

a b 

C d 
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Fig. 2: EDX for (a) PS, (b) CC before adsorption of RR43 and (c) PS, (d) CC after adsorption process 

 

 

Wavenumber cm-1
1000200030004000

(a) PS

T
%

(b) CC

A

Fig. 3: FTIR spectra for (A) PS and CC before 

adsorption. 

(c) PS after adsorption 

1000200030004000

(c) CC after adsorption 

Wavenumber cm-1

B

T%

 
Fig. 4: FTIR spectra for (B) PS and CC after 

adsorption. 

 

The pH at which the surface of Gw is 

neutral is known as pHZPC [23,24]. the pHZPC 

of PS was determined to be 7.6 as show in 

Figure (5), The adsorbent surface is negatively 

charged at pH > pHPZC, preventing negatively 

charged reactive dye molecules from adsorbing 

due to electrostatic repulsion. As a result, 

RR43 adsorption onto PS is favoured at pH 

lower than 7.6, while the pHPZC value for raw 

CC adsorbent being 4.3. Based on this finding, 

it can be concluded that basic alteration of the 

adsorbate resulted in a negative (basic) surface 

charge for the adsorbent. 

 

 

 
Fig. 5: zero-point charge of CC and PS 

adsorbents 

 

3.3. Effect of Different Adsorption 

Parameters  

The surface plots from the model help 

to observe the influence of four variables (pH 

solution, initial concentration of dye, adsorbent 

dose, and time) on the removal of dye.  

    3.3.1. Interaction Effect of pH Solution 

and Initial Concentration of Dye 

a b 

c d 
Elements Weight% 

C 28.62 

N 21.80 

O 16.73 

Na 10.12 

Si 2.69 

S 17.01 

K 3.03 

Total 100 
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The influence of pH on RR43 

sorption from aqueous solution was 

investigated in this work by changing the 

initial pH of the solutions from 2 to 12 by 

adding a few drops of diluted NaOH or HCl, 

with initial concentrations of 20, 30, 40, 50, 

and 60 mg/L of dye. Figure (6) shows that the 

adsorption efficiency decreased when pH 

solution increased from 2 to 10. On the other 

hand, at low pH solution, the dye exists 

predominantly in the molecular form and the 

electrostatic interaction between positively 

charged surfaces of bio sorbents and molecules 

of dye will be also suppressed.   However, a 

further increase in pH resulted in the 

worsening of dye removal efficacy. The pHZPC 

for PS and CC was established as 7.6 and 4.3, 

respectively. Above these values, the surfaces 

of tested bio sorbents are negatively charged. 

Thus, the worsening of dye removal with 

increasing pH could be attributed to the 

weakness of electrostatic interaction between 

anionic reactive dye and active sites of bio 

sorbent. While increasing the solution pH (pH 

> 2.1) with increasing the initial concentration 

of dye resulted in a significance reduction in 

the percentage removal. The removal 

percentage of RR43 declined as the initial 

concentration of dye increased, as shown in the 

figure. This can be explained by the fact that 

when the initial concentration of dye rises, the 

interaction between PS and CC with RR43 

becomes more intense. [25] 

    3.3.2. Interaction Effect of Initial 

Concentration of Dye and Contact Time 

As demonstrated in Figure (7), adsorption at 

various concentrations of dye was rapid at first, 

but then steadily decreased as adsorption 

progressed until equilibrium was attained.  

This is due to the fact that the adsorption sites 

were initially unoccupied and highly 

accessible, allowing RR43 molecules to 

quickly engage with them. Thus, the removal 

percentage was found to be 80.46% and 

86.76% for PS and CC adsorbent respectively 

at 20 mg/L of initial concentration of dye, 

while at 60 mg/L this value reduced to 54.68 % 

and 59.4 % by both adsorbents. The results 

showed that the sorption capacity did not 

change after 90 min; hence 90 min was chosen 

as the agitation time for isotherm studies
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Fig. 6: 3D plot of interaction effect of solution pH and initial concentration of dye on adsorption of 

RR43 by (a) PS, and (b) CC. 
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Fig.7: 3D plot of the interaction influence of initial concentration of dye and contact time on removal 

% RR43 by (a) PS and (b) CC. 
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3.3.3. Interaction Influence of Adsorbent 

Dosage and Initial Concentration of Dye 

Figure (8) may be noted that as the adsorbent 

dose was increased and the concentration of 

dye was decreased, removal of dye increased. 

The results are displayed in Figure 8, which 

demonstrates a significant increase in the 

amount adsorbed as the adsorbent dose is 

increased. The saturation of the adsorbent's 

active sites can be explained by the increase in 

the quantity of dye molecules and the 

difficulty of adsorbent-adsorbate interaction, 

which explains the saturation of the adsorbent's 

active sites. However, it was noted that when 

the adsorbent dose increased, the rate of dye 

removal percentage dropped marginally. 

Because there was more adsorbent in the dye 

solution, resulting in the distances between the 

adsorbent particles were reduce, leaving 

numerous binding sites unoccupied. [26]. 

3.3.4. Temperature Effect 

Temperature influences on adsorption 

were studied by altering the temperature from 

30 to 50 °C as show in Figure (9). The 

percentage removal of RR43 decreased from 

73.64 % and 76.1 % by PS and CC to 67.81% 

and 70.17 % respectively, with a temperature 

increase from 30°C to 50°C, indicating that 

high temperatures are detrimental to the 

adsorption process.  On the other hand, as the 

temperature of the range investigated rises, the 

sorption capacity of RR43 diminishes, 

revealing that the RR43 adsorption on the PS 

and CC is exothermic in nature, and the low 

temperature promotes adsorption. This effect 

could be caused by dye molecules being 

released from the bio sorbent into the aqueous 

solution as the temperature rises. A similar 

result has also been reported [27]. 3.4.  

Adsorption Isotherms 

Adsorption isotherms are quite useful 

in explaining the adsorption mechanism. The 

Langmuir and Freundlich isotherms are the 

most commonly used models in adsorption 

evaluation. The Langmuir isotherm enables 

estimation of the maximum adsorption 

capacity on the assumption that the surface of 

the adsorbent is covered with a monolayer of 

adsorbed molecules. By applying the 

Freundlich model, it is possible to estimate the 

adsorption intensity assuming that the 

adsorbent surface is heterogeneous and 

multilayer sorption occurs. The linearized form 

of the Langmuir and Freundlich equations are 

given as following. 
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Fig. 8: 3D plots the interaction effect of adsorbent dose and initial dye concentration on adsorption of 

RR43 by (a) PS and (b) CC. 
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Fig. 9: Temperature effect on removal % of RR43 by PS and CC at dose :0.1g/20 ml, solution pH 7.6 for PS and 

4.3 for CC, and contact time 90min. 
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tical expression of the generalized non-linear 

form of the Langmuir isotherm is given by: 
𝐂𝐞

𝐪𝐞

 =  
𝐂𝐞

𝐪𝐦𝐚𝐱

 +  
𝟏

𝑲𝑳𝐪𝐦𝐚𝐱

                            (𝟒) 

The dimensionless constant 

separation term (RL) was used to study the 

form of the Langmuir isotherm in order to 

detect high affinity adsorption. RL was 

calculated as follows: 

𝐑𝐋 =  
𝟏

(𝟏 + 𝑲𝑳𝐂𝟎)
                                  (𝟓) 

 Where, Co is the initial concentration 

of dye (mg/l), RL indicates the type of isotherm 

to be irreversible (RL= 0), favorable (0 < RL< 

1), linear (RL =1) or unfavorable (RL > 1) [ 28]. 

Freundlich isotherm represents 

adsorption equilibrium and is widely used and 

was chosen to measure the adsorption intensity 

of the adsorbate on the adsorbent surface. The 

following equation expresses the isotherm, 

which is an empirical equation that can be used 

to explain heterogeneous systems [29]. The 

logarithmic form of equation is often used to 

fit batch equilibrium data [30]. 

Log qe = log Kf + 1/n log Ce                        (6) 

where qmax (mg/g) is the maximum sorption 

capacity corresponding to complete monolayer 

coverage and KL (L/mg) is the Langmuir 

constant. KF is the Freundlich constant 

((L/mg) related to the sorption capacity and the 

constant n is related to adsorption intensity. 

The constants isotherm calculated from the 

slope and the intercept from Figures (10 and 

11). The calculated isotherm constants together 

with correlation coefficients (R2) for both 

models are presented in Table (2). 

 

3.5. Adsorption Kinetics: 

The kinetic order of RR43 sorption onto the 

natural adsorbent was determined using 

0.1g/20ml of adsorbent at RR43 concentrations 

of 20, 30, 40, 50, and 60 mg/L, an adsorption 

time of 2-120 min, and the optimum pH and 

temperature. The experimental data was 

described using two kinetic models: pseudo-

first order and pseudo-second order. Lagergren 

proposed the model of the first order. [27], it is 

given by the following linear equation. 
𝐝𝐪𝐭

𝐝𝐭
=  𝒌𝟏(𝐪𝐞 − 𝐪𝐭 )                             (𝟖) 

Where qe and qt (mg. g-1) are the amounts of 

dye adsorbed at equilibrium and at time (t) 

minute, respectively; and k1 (min-1) is the 

pseudo-first-order rate constant. After 

integration by applying boundary conditions 

qt= 0 at t = 0 and qt= qt at t = t, the equation 

becomes:  

log (qe −qt) = log qe − k1t                     (9) 

Whereas if pseudo-first-order kinetic model is 

used, the plot of ln (qe - qt) versus t yields a 

straight line, and the slope and intercept can be 

used to calculate the rate constant k1 and the 

amounts of dye adsorbed at equilibrium qe. 

[31] A pseudo-second-order model, which is 

commonly used in adsorption, was proposed. 

The following is the shape of this model:  

        
𝐝𝐪𝐭

𝐝𝐭
=  𝒌𝟐 (𝐪𝐞 − 𝐪𝐭 )

𝟐                          (10) 

Where K1 (min-1) and K2 (g.mg-1.min-1) are the 

velocity constants for two kinetic models 

respectively, and qe (mg. g-1) is the adsorbed 

amount at equilibrium for two kinetic models, 

qt (mg. g-1) is the adsorbed amount at any time, 

t (min) is the contact time. The obtained values 

for the kinetic constants as well as the 

correlation factors of the two models are 

shown in the following Table (3). The results 

are also plotted as shown in Figures (12a and 

b) and it is obvious that the sorption kinetics of 

the RR43 onto PS and CC, supports are well 

explained by the pseudo second order model 

for both of bio sorbents.  

  
Fig. 10: The Langmuir isotherm model by PS and CC         Fig. 11: The Freundlich isotherm model by PS and CC 

 

Table (2). Linearized Langmuir and Freundlich Isotherms Constant for PS and CC. 

Freundlich Isotherm Langmuir Isotherm                  

parameter   

Adsorbents 
R2 n Kf 

(L/mg) 

R2 RL qm 

(mg/g) 

KL 

(L/mg) 

0.993 1.610 12.45 0.988 0.975-0.992 303.03 0.018 PS 

0.999 1.538 12.04 0.992 0.979-0.993 357.14 0.015 CC 
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The second-order rate constants were used to 

calculate the initial sorption rate, H, (mg/g. min), 

given by: 

H   =   k2 qe
2                              (11) 

Table (3), Fitting the experimental data to pseudo-

second order kinetics yielded better correlation 

coefficients (R2) than fitting the experimental data to 

pseudo-first order kinetics for all the systems studied. 

As a result, the sorption was more favourably by 

pseudo-second order kinetic model, which assumed 

that the rate limiting step may be chemisorption 

involving valency forces through sharing or exchange 

of electrons between sorbent and sorbate [32,33]. 

The normalized deviation (ND) and normalized 

standard deviations (NSD) were estimated utilizing 

equation for error analysis using equation [21]. 

𝑵𝑺𝑫 = 𝟏𝟎𝟎
√

∑ (
𝒒𝒆 (𝒆𝒙𝒑) − 𝒒𝒆 (𝒄𝒂𝒍)

𝒒𝒆 (𝒆𝒙𝒑)
)

𝟐

𝒏
       (𝟏𝟐) 

qe (exp) and qe (cal) are experimental and predicted 

RR43 uptake (mg/g) respectively, where n is the 

number of observations made. The following Table 

(3) shows the obtained values for the kinetic 

constants as well as the correlation factors for the two 

models. The pseudo second-order rate constant k2 of 

the dye adsorption is expressed as a function of 

temperature by Arrhenius relationship using the 

Equation: 

𝒍𝒏𝒌𝟐 = 𝒍𝒏𝑨 −
𝑬𝒂

𝑹𝑻
                                    (𝟏𝟑) 

Where R is the gas constant, T is the absolute 

temperature in (oK) and Ea activation energy, The 

value of Ea is calculated as 14.02 and 13.34 kJ/mol 

for PS and CC respectively from the slope of plot of 

ln K2 versus 1/T which explained as Figure (13). The 

type of adsorption mechanism is determined by the 

value of Ea (kJ·mol−1). If Ea is between 8 and 16 

kJ·mol−1, the adsorption process is regulated by a 

chemical mechanism, but if Ea < 8 kJ·mol−1, the 

adsorption process is controlled by a physical 

mechanism [22]. The determined values of Ea 

indicated that dye adsorption occurs through 

chemical adsorption. This established that 

chemisorption is predominantly operating force 

along. Chemisorption, in which valency forces are 

engaged via electron sharing or exchange between 

the adsorbent and the adsorbate, may be the rate-

limiting phase. The time-dependent data from this 

investigation was then used to see if intra-particle 

kinetics played a role in the adsorption of RR43 ions 

from their aqueous solutions as well [34]. It is 

proposed that the adsorption process' diffusion 

mechanism and rate-controlling phases be identified. 

According to this theory 

.qt = kid t0.5 + C                         (14) 

 where kid is the rate constant of intra-particle 

diffusion (mg. g-1min1/2) and C (mg. g-1) is a constant 

that indicates the thickness of the boundary layer; it 

has been shown that the larger the value of C, the 

greater the effect of the boundary layer [24]. When 

the kid1 values for the macropore and micropore 

diffusion stages for RR43 ions are compared, it 

becomes clear that the micropore diffusion stage is 

the rate limiting phase. This is because the RR43 

ions' micropore diffusion constant kid2 was smaller 

than the macropore diffusion constant kid1. This 

demonstrates that the slower and rate-determining 

stage is micropore diffusion. Table (3) further reveals 

that the boundary layer effect, i.e., the intercepts of 

the second lines from the plots in Figures (12c), has a 

bigger effect at the micropore diffusion stage than at 

the macropore diffusion stage at different 

temperatures. 

 

6. Adsorption Thermodynamics  

The following equations can be used to 

calculate thermodynamic parameters such as Gibbs 

free energy ΔGº, enthalpy ΔHº and entropy ΔS° at 

different temperatures, 30, 40 and 50 °C.  

ln𝐾𝑑 = ΔS°𝑅− ΔH°𝑅𝑇                     (15) 

Δ𝐺°=Δ𝐻°−𝑇 Δ𝑆°                              (16) 

Where Kd = qe/Ce is the distribution 

coefficient, R is the universal gas constant and T is 

the temperature in (K). The values of ΔG°, ΔH°, and 

ΔS° were calculated by plotting the Figure (14) and 

are listed in Table (4). This result indicated that the 

magnitudes of Gibbs free energy practically remained 

constant during the adsorption process. The negative 

ΔG° values show that the RR43 adsorption processes 

on PS and CC are feasible and spontaneous. The 

negative value of ΔH° suggests that the adsorption 

process is exothermic and chemical in character, 

involving significant forces of attraction between 

RR43 molecules and PS and CC [35]. The positive 

ΔS° value indicates the increased randomness at the 

solid- liquid interface during the fixation of the RR43 

on the active sites of the studied adsorbent. 

 

4.Conclusion  

This study focuses on using agricultural by-products 

for as biological adsorbent for the removal of dyes 

from aqueous environments which is extremely 

practicable and in vogue with the current popularity 

of green chemistry and green environmental 

practices. Agricultural waste such as unmodified PS 

and CC powders as adsorbents can be effectively 

used for the removal of RR43 by adsorption. SEM, 

EDX, FTIR and pHZPC were used to characterize the 

synthesized material.  
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Fig. 12: (a) Pseudo-First-order kinetic, (b) Pseudo-Second-order kinetic and (c) Intraparticle Diffusion dye at concentration 20 mg/L, 30 

mg/L and 60 mg/L for adsorption of the RR43 onto PS and CC. 

 
                          Fig. 13: Plot of ln K2 Vs 1/T for the adsorption of RR43 onto (PS and CC). 
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Table (3): Summarize the Kinetics Models Constant and Correlation Coefficient for Adsorption of Reactive Dye 

onto PS and CC at Different Concentrations. 

 

 

 

Adsorbent 

 

 

Conc. 

mg/L 

Pseudo- First- order Pseudo-Second- order 

k1 

min-1 

qe (cal) 

mg ̸ g 

R2 k2 

min-1 

qe (exp). 

mg /g 

qe (cal). mg 

/g 

H NSD R2 

 

PS 

20 0.046 58.97 0.931 1.36x10-3 78.21 84.75 9.768 0.976 0.997 

30 0.049 81.70 0.916 1.05x10-3 106.7 114.9 13.87 1.018 0.992 

60 0.049 120.3 0.962 7.33x10-4 158.1 169.5 21.06 0.978 0.999 

CC 20 0.040 60.63 0.919 1.20x10-3 84.33 91.74 10.10 1.006 0.996 

30 0.050 83.43 0.854 1.07x10-3 109.7 117.7 14.81 0.942 0.997 

60 0.038 123.8 0.975 5.60x10-4 171.8 185.2 19.21 1.026 0.997 

      

Intraparticle diffusion model 

k1 C1 R2 k2 C2 R2 

14.45 1.946 0.994 4.054 38.83 0.839 

22.24 3.315 0.995 5.144 57.01 0.828 

29.25 2.138 0.984 6.946 90.92 0.828 

15.70 1.722 0.987 4.628 39.39 0.849 

21.27 2.473 0.949 5.425 57.24 0.825 

26.68 10.78 0.966 9.049 82.74 0.897 

 
 

Table (4): Thermodynamic Parameters of RR43 on PS and CC at Different Temperatures 

     Temp. ℃ 

Adsorbents 

30  40  50  ∆H° 

(kJ/mol) 

∆S° 

(kJ/mol) 

PS ∆G° kJ/mol) 

-15.89 -16.04 -16.19 -11.34 0.015 

CC -16.44 -16.58 -16.72 -12.20 0.014 

 
 

This biosorption mechanism was largely dependent 

on the basic pH, with a favourable pH (7.6±0.2 and 

4.3±0.2) solution pH for PS and CC respectively, 

20mg/L initial dye concentration, adsorbent dose 0.1 

gm/20 ml, and 90 min adsorption time. resulting in 

the highest clearance rate, 80.46% and 86.76% of 

dyes were removed by PS and CC respectively at 

experimental optimum conditions. The biosorption 

capability improved as the initial concentration of 

dye was increased. The Freundlich isotherm matched 

the experimental results nicely. Pseudo-first order, 

pseudo-second order, and intraparticle diffusion 

models were used to investigate adsorption kinetics. 

The results show that the system's adsorption 

mechanisms follow pseudo-second order kinetics. 

Thermodynamic analysis confirmed that adsorption 

was a physisorption process. Finally, these results 

show that PS and CC can be employed as an effective 

and economical adsorbent for the treatment of 

synthetic dye-containing wastewaters. 
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