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Synthetic dyes are considered harmful compounds to the environment 

even in slight quantities. Low-cost natural adsorbents have been proven 

helpful for water treatment. In the current research, Lupine peel was 

used in inactivated (IL) and activated (AL) forms to remove Basic 

Fuchsin (BF) and Eosin (E) dyes from aqueous media. Adsorbents have 

been evaluated by FTIR and SEM. The operational settings, including 

the solution's pH, adsorbent dosage & size, initial dye concentration, 

temperature & contact time were all controlled in a batch system. 

According to experimental outcomes, the adsorption procedure occurs 

quickly & naturally. A pseudo-2
nd

-order kinetic model gives the best fit 

to the experimental information of BF & E dyes adsorption onto IL and 

AL. Adsorption isotherm data of BF adsorption was fitted well to the 

Freundlich model, while E adsorption was well fitted to the Langmuir 

adsorption isotherm. Optimal adsorption capacities of 1.5344, 2.9913, 

0.7983, and 1.0921 mg/g for BF and E adsorption onto IL and AL 

respectively. According to the (D-R) isotherm model, the values of E 

were 0.5, 2.357, 0.05, and 0.0707 KJ/mol for BF and E onto IL and AL 

respectively, indicating a physisorption process. The activation 

parameters (∆G
o
, ∆H

o
, ∆S

o
) were calculated. The adsorption was 

endothermic and spontaneous with a higher preference of BF than E 

onto AL and IL. The findings indicate that the lupine peel has the 

potential to function as a low-cost adsorbent for the elimination of BF 

& E dyes from aqueous solutions. 

 
Copy Right, IJAR, 2023,. All rights reserved. 

…………………………………………………………………………………………………….... 

Introduction:- 
Our world is facing the problem of water pollution due to the various industries. Synthetic materials can reach water 

bodies through factory drainage. These pollutants include dyes, which are extensively used in industries such as 

paper, paint, textiles, etc. [1]. Compared to organic pigments, the world produces large quantities of industrial 

pigments because of the ease of manufacture. The basic and acidic dyes are widely used in industry, so it is 

important to find a way to remove them from waterbodies or this will affect human health and the environment [2]. 
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The released dyes into the water bodies as wastewater stains water, reduce the absorption of light by aquatic 

organisms, it is also considered toxic to human and living organisms. The conventional biological oxidation process 

cannot remove dye from wastewater Because of its slow biodegradability [1]. Basic Fuchsine is also known as Basic 

Violet 14; its chemical structure is represented in Table 1 [3]. It is one of the naturally inflammable triaryl methane 

dyes. It is anesthetic, fungicidal & bactericidal properties. It is utilized in numerous industries as a dye for textiles 

and leather, as well as for the staining of muscle, collagen & mitochondria. It is also poorly biodegradable, 

carcinogenic, and unattractive. Therefore, the elimination of Basic Fuchsin from wastewater systems is crucial. [4]. 

 

Eosin is also known as Acid Red 87; its chemical structure is represented in Table 1 [5]. It is used in the textile, art 

industry, and pharmaceutical processes [5]. It forms a water-soluble stable complex through binding with protein. 

According to this, it is also used in histology to stain cytoplasm. It is stable against degradation as a result of having 

an aromatic ring structure. It is considered a carcinogenic substance which causes destruction to the liver, kidneys, 

and lungs [6]. Its presence in high concentration can affect the central nervous system [7]. 

 

There are so many wastewater treatment techniques. Adsorption is very popular among researchers because it is a 

simple operation, we can use many kinds of adsorbent materials, it gives high removal results, and using natural 

products in the process makes it a low-cost one [1]. Lupine (Lupinustermis L.) is grown under a variety of 

circumstances in Egypt. Lupine has been cultivated for thousands of years. Its seed can be used as food because it 

contains protein and oil. In fact, for thousands of years, Egyptians have been benefiting from the therapeutic and 

nutritional properties of lupine seeds [8]. Therefore, using its peel in wastewater treatment will be the use of cheap 

local waste to conserve water. In this study, the lupine peel will be used as an adsorbent for Basic Fuchsin and Eosin 

dyes from aqueous solutions and its adsorption efficiency will be enhanced by the physicochemical activation 

process [9].  

 

Table 1:- Dyes chemical structures and basic information. 

Dye IUPAC name Chemical formula Mol.wt 

g/mol 

λmax nm 

Basic 

Fuchsine  

benzenamine, 4-[(4 

aminophenyl) (4-imino-

2, 5-cyclohexadien-1-

ylidene) methyl]-2-

methyl hydrochloride 

 

337.86 546 

Eosin  disodium; 2-(2,4,5,7-

tetrabromo-3-oxido-6-

oxoxanthen-9-yl) 

benzoate 

 

691.85 514 
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Materials and Methods:- 
Lupine seed can be obtained as a local Egyptian product, then its peel waste is used as an adsorbent with and 

without activation. Basic Fuchsine (BF) and Eosin (E) dyes were purchased from Maktab Al-Sharq, Qasr El-Ainy, 

Qairo, Egypt, and originally made in India (Advent, Chembio PVT.LTD company). The hydrochloric acid (HCl) as 

well as sodium hydroxide (NaOH) used in the experiment were likewise acquired from Maktab Al-Sharq. 

 

Fourier Transform Infrared Spectroscopy (FTIR) & Scanning Electron Microscope (SEM) analyses were utilized to 

identify the functional groups and the morphological properties in the adsorbents IALP and ALP [10,11]. UV-VIS 

spectrophotometer was used to determine the dye concentrations through the batch adsorption experiments.  

 

Preparation of adsorbent  

The adsorbents made from used lupine peels were rinsed thoroughly with distilled water until all traces of dirt and 

dust were eliminated. After air drying at room temperature the clean lupine peels, they were baked at 378K until 

they reached a steady weight. Then we have crushed the dried sample to obtain the untreated lupine peel adsorbent. 

To obtain the physicochemical activated lupine peels, half of the untreated lupine peel powder entered the oven at 

573K for 4 hours (physical activation) to change porosity which, accordingly, increases adsorption efficiency. After 

cooling naturally, the physically activated lupine peels then were saturated with 1N NaOH with the ratio of 1:5 

adsorbent wt. /NaOH volume for 4 hours (chemical activation). After being filtered, the activated adsorbent cleaned 

multiple times with distilled water to restore the solution's natural pH and then dried at 375K for twenty-four hours. 

Both activated & inactivated lupine peels adsorbent were crushed into 0.1mm and 0.2mm mesh sizes [9]. 

 

Batch Adsorption Experiments  

Various parameters, such as pH (3-11), adsorbent dosage (0.4-2 g), first dye concentration (35-335mg/l), contact 

time (5-180 min), temperature (298 K-343 K) and particle size (0.1mm, 0.2mm), were determined in batch mode 

adsorption tests. Dye solutions were neutralized with 1M NaOH or 1M HCl to achieve the desired pH levels.  

 

The removal of dyes by both inactive and activated adsorbents is shown in the following equations (1) and (2), 

respectively [12]. 

 

Removal efficiency (%) = (Co−Ce /Co) x 100                  [1]  

qe(mg /g) = ((Co−Ce) x V) / m                                        [2]  

 

Where Co (mg/L) is the first concentration of basic fuchsine dye, Ce (mg/L) is liquid-phase concentrations of the 

basic fuchsine dye at balance, V (L) is the volume of the basic fuchsine dye & m (g) is the adsorbent mass [13,14]. 

 

Result and Discussion:- 
Characterization of Lupine Peel Waste Adsorbents  

Adsorbents' physicochemical properties was studied by FTIR and SEM analysis. The results indicate that the 

physiochemical activation removes most of the wetness & heat-sensitive molecules from the samples. The 

physicochemical activation causes fewer stability and releases the evaporable gas and liquid components of the 

volatile substance, so the organic components present in activated lupine peel adsorbent deteriorate in stability & the 

volatile matter becomes low [15]. Also, the activation process produces an adsorbent with a low ash content because 

of the removal of most mineral components such as oxides, carbonates and sulphides [9]. A constant amount of 

carbon of the activated lupine peel was great, which increases the quality of the adsorbent substance via enhancing 

the surface area which resulting in a higher adsorption efficiency [16]. 

 

Fourier Transformer Infrared  

The FTIR spectra of IL, AL, AL loaded BF and AL loaded E dyes were studied between 4000 - 400 cm1; 

determined in Figure 1. Spectra (before & after adsorption), the broad & intense absorption peaks among 3423.37 

for IL - 3384.78 cm
−1

 for AL gained because of the hydroxyl (–O-H) or amine (–N-H) functional groups [17,18,19], 

the absorption peaks at 2923.26, 2856.1 for IL and 2959.78, 2923.72 and 2853.33 cm
−1

 for AL can be redirected to 

the –C-H group of alkanes, stretching. The vibration at 2151.39 and 1636.82 cm
−1

 for IL assigned to C ≡ C & C ≡ N 

− H bonds which disappears at AL spectrum [20,21],   the peaks at 1434.11 and 1383.60 cm
−1

 for IL and AL 

respectively are hypothetical to the existence of (OH) vibration of carboxylic acid and absorption bands from 1420 

to 1000 cm
−1

 can be apportioned to the C-O and C-N stretching vibration of carboxylic acids (-COOH) and/or 
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alcohols & amine groups [18,22]. The surface/characteristic peaks of IL & AL were originate to be changed (Figure 

1) Some functional groups were chemically protonated/deprotonated & thermally unstable, as evidenced by their 

disappearance and changes in peak intensity during the physicochemical activation process [9,23]. Adsorption zones 

in the spectra of AL-loaded BF with AL-loaded E dyes were quite close to one another, with only minor variations. 

The Fourier transform infrared spectrum taken before and after adsorption show that the peaks move somewhat and 

the intensity changes. Based on these findings, it appears that hydroxyl, carbonyl, amine and carboxyl functional 

groups bond during adsorption via a weak electrostatic contact or Van der Waals forces [20,22]. Hydrogen bonding, 

electrostatic and π-π interactions were responsible for the removal of both dyes from the IL and AL surfaces, where 

functional groups (potential active sites) with high affinity for pollutants were located [24,25]. 

 
(a)FTIR spectrum of IL 

 

 
(b)  FTIR spectrum of AL 
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(c) FTIR spectrum of BF onto AL 

 
(d) FTIR spectrum of E onto AL 

Fig. 1:- FTIR spectrum. 

 

Scan Electron Microscope 

The SEM analysis was made before activation, after activation and after adsorption. The adsorbents surfaces are 

loaded and the dyes molecules occupied the surface pores. After the physical- chemical activation the pore size 

distribution of lupine peel increases and therefore the adsorption potential [26].  

 

According to the activation, the NaOH molecules occupied the active sites after activation and changed the original 

surface texture of lupine peel, this enhanced the adsorbent physical characteristics.  

 

Through studying the images, the active sites of lupine peel were rough and random. The activation then, provides a 

regular shape of the active sites which look as spherical particles distributed orderly on the surface. The activated 

surface then, has cracks, grooves and large pores. This gives an evidence about the enhancement achieved by 

activation. These pores provided a good surface for dyes, to be confined & adsorbed into [15,27].  
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The NaOH gives negative charges for the active sizes. These negatively charged active sites electrostatically 

attracted to the positive Basic Fuchsine more than Eosin dye. After adsorption of Basic Fuchsine, the enhanced 

active sites (look like tubes or cylinders) look completely full. These cylindrical shapes are methodically occupied 

by the basic dye molecules which favor the negatively charged surface. 

 

And yet, the enhanced active sites were occupied by the acidic dye molecules of Eosin dye, but not as the same 

vigorous occupation occurred by Basic Fuchsine dye.  

 

 
(a) SEM of IL                                                                 

(b) SEM of AL 

 
(C) SEM of AL-loaded BF                                                     (d) SEM of AL-loaded E 

Fig. 2:- SEM micrograohs. 
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Batch Adsorption Study  

Effect of Solution pH  

Solution pH and Its Impact is a very relevant factor in adsorption experiments. In this trial, the adsorption studies of 

BF and E dyes on IL and AL were carried out at different pH values (3-11). The outcomes are shown in Figure 3. 

According to the Figure, the adsorption process of BF prefers the alkaline medium and removal increase with 

increasing pH to give higher removal at pH11 for both inactivated and activated adsorbents at affixed concentration.  

 

In highly acidic solutions, the surface of the adsorbents (activated and inactivated lupine peel) become positively 

charged & they participate with a cationic basic fuchsine dye for vacant adsorption sites, resulting in a reduction in 

dye absorption due to electrostatic repulsion.  

 

The electrostatic force of attraction among the cationic basic fuchsine dye and the negatively charged adsorbent 

surface rises with increasing pH [9]. Physicochemical activation of the adsorbents resulted in a rise in the number of 

acidic functional groups (C=O, O-H and C-), as seen by the FT-IR study (Figure 5). Adsorption can take place 

among the cationic BF dye and the adsorbents via the adsorbents' acidic active surface. The high removal efficiency 

at higher pH11 value is maybe due to hydrogen bonding, π-π interaction, or electrostatic attraction among adsorbent 

and adsorbate [17]. Furthermore, because of the significant surface area present, the process accountable for the 

adsorption of BF could be further closely associated with textural features [9]. Thus, the most effective BF 

elimination of dye occurred in basic regions (pH 11). On the other hand, at pH3 the surfaces of IALP and ALP were 

positively charged and more protons will be available to protonate amine groups and this increases the active 

positions and thus prefer anion sorption resulting in increasing the adsorption of E dye [28]. 

 

Influence of Adsorbent Dose 

The adsorbent dose is a very critical factor because it effects on the adsorbent & adsorbate [29]. The influence of 

adsorbent dose on the elimination of BF and E dyes onto IL and AL are shown in Figure 4. When the adsorbent’s 

doses were enlarged from (0.4 to 2g), an increase in BF dye removal from 76.3 to 90.14% onto AL, and from 35.47 

to 86.56% onto IL was observed.  On the other hand, the removal of E onto IL was increased from 12.78 to 19.44%, 

while its removal onto AL was increased from 18.57 to 25.44%. This rise in dye removal with adsorbent dosage is 

caused by the adsorbents' expanding surface area and the availability of many adsorption sites [30]. Because of 

conglomeration/aggregation of adsorbent particles that limits the active surfaces for adsorption, at higher adsorbent 

doses (more than 1g for activated and inactivated adsorbents respectively) the dye removal was not significantly 

different or impacted [31].  

 

Influence of adsorbent particle size  

The impact of adsorbent particle size on the adsorption processes was studied at 2 particle sizes (7mm &  8mm mesh 

size) at optimum values of pH11 for BF, pH3 for E, initial dye concentration 35 mg/L, adsorbents doses 2g, contact 

time thirty minutes & temperature 298K with an agitation speed of 200 rpm. As shown in Figure 5, the elimination 

of dyes rises with the decrease of adsorbent particle size. Larger surface areas & more accessible adsorption active 

sites are to blame for this effect, which is produced when particles are made smaller [32]. 

 

Influence of Initial Dye Concentration  

The effect of initial BF dye concentration on the adsorption processes of BF and E dyes onto IL and AL were done 

at the concentration level of 35–335mg/L as shown in Figure 6. Increasing the initial concentration of dye reduces 

the efficacy of dye removal. This is since dye's repulsive force or steric interference on both the adsorbent & bulk 

phase may inhibit further adsorption, even if the active sites in the adsorbents necessary for adsorption of the dye 

molecules are available [9]. 

 

Influence of Contact Time 

The influence of contact time on adsorption processes was investigated over from 5–180 min at optimal pH11 values, 

initial dye concentration 35 mg/L, adsorbents doses 2g, 0.1mm mesh size of adsorbents and temperature 298K with 

an agitation speed of 200 rpm. As shown in Figure 9, time at equilibrium was determined to be 30 and 25 min. for 

BF onto IL & AL respectively, and was found to be 30 and 20 min. for E dye onto IL and AL respectively. Free 

vacant surface sites of functional groups are responsible for the enhanced dye elimination within the first 30 minutes 

[9]. After 30 minutes, the removal rate is practically constant either all of the free adsorbing sites have been used up, 

or because the lasting vacant surface positions are difficult to adsorb because of the repulsion among the dye 
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molecules on the adsorbents & the bulk phase [9]. Hence, the equilibrium time gained for BF and E dyes adsorptions 

in this study was about 30 min.  

 

Influence of Temperature  

The adsorption process is temperature-dependent. The temperature effect was studied at 298 K, 323 K & 343 K at 

pH11 for BF, pH3 for E, initial dye concentration 35mg/L, adsorbents doses 2 g, 0.1mm mesh size of adsorbents & 

contact time 30 min with agitation speed 200 rpm. Figure 10 shows the deletion of BF and E dyes was increased 

with rising the temperature from 298 to 343 K. The removal values at 343 K were 92.78, 99.98, 33.76 and 44.31% 

for BF and E onto IL and AL respectively. Because of temperature's effect on the equilibrium capacity of the 

adsorbent & the dye molecules' diffusion rate through the outer boundary layer, we can understand this phenomenon 

[33].  

pH
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Fig. 3:-Effect of pH 
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Fig. 4:-Effect of dose. 

 
Fig. 5:-Effect of particle size. 
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Fig. 8:-Effect of temperature. 

 

Kinetic Study 

The kinetic models on the adsorption of BF dye were highlighted using pseudo-1
st
 order [34,35], pseudo-2

nd
 order 

[36,37] & intraparticle diffusion [38] as shown in Eqs. (3), (4), and (5) respectively [10]. 

log (qe−qt) = log (qe) – k1t            [3] 

𝑡/𝑞𝑡 = 1/ 𝐾2𝑞e
 2
 + 𝑡 /𝑞𝑒 [4] 

𝑞𝑡 = 𝑘𝑑𝑖𝑓𝑓𝑡
1/2

 + 𝐶 [5] 

 

The sorption capacity of the adsorbent was described by pseudo-2
nd

 order kinetics and the diffusion process were 

represented by pseudo-1
st
 order kinetics [39, 40].  

 

Elovich kinetic model  

Adsorption rate calculations on heterogeneous surfaces are accessible to the Elovich kinetic model [41,42]. Elovich 

extreme adsorption capacity &Elovich constant can be estimated from Eq (6)  

qt = (1/β) In t + (1/β) ln αβ                              [6] 

 

The values of α & β can be gained from the slope and the intercept of a straight-line plot of qt against ln t [43]. 

According to the data shown in table 2, It was found thatthe pseudo-second-order kinetics is well-adjusted equated 

to the pseudo-1
st
-order kinetics and intraparticle diffusion model. A high R

2
 values 0.995, 0.9998, 0.964 and 0.989 

for adsorption of BF and E onto IL and AL respectively. 

 

The maximum capacities of adsorption qe values (1.5610 mg/g, 1.7361 mg/g, 0.4089 mg/g and 0.4827 mg/g in the 

same sequence) according to pseudo-second-order kinetics. These numbers were larger than those predicted by the 

pseudo-first-order model, indicating that the pseudo-2
nd

-order kinetics fits the data quite well. Elovich kinetic model 

was not suggested to use for describing the kinetic process. The R
2
 values for the pseudo-1

st
-order and intraparticle 

diffusion model were relatively low and the calculated qe values according to pseudo-1
st
-order kinetics were lower 

than the experimental qe values. As a result, the adsorption onto lupine peel fitted well into the pseudo-2
nd

 order 

kinetic model. 
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Fig. 9:- First order kinetic model. 
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Fig. 10:- Second order kinetic model. 
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Fig. 11:- Intraparticle diffusion kinetic model. 
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Fig. 12:-Elovich kinetic model. 

 

Table (2):- Kinetic parameters for BF dye adsorption onto IL & AL. 

Parameter BF onto IL BF onto AL E onto IL E onto AL 

Pseudo-first order kinetic model 

K1 

qe 

R
2
 

 

0.0079 

0.6670 

0.7555 

 

0.0080 

0.5865 

0.6037 

 

0.0137 

0.6037 

0.8943 

 

0.0198 

0.5403 

0.9294 

Pseudo-second order kinetic model 

K2 

qe 

R
2
 

 

 

0.1833 

1.5610 

0.995 

 

 

0.2903 

1.7361 

0.9998 

 

 

0.0809 

0.4089 

0.9644 

 

 

0.1938 

0.4827 

0.9886 

Intraparticle diffusion kinetic model 

Kid 
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C 

R
2
 

0.0155 

0.5881 

0.8438 

0.0135 

0.7115 

0.6425 

0.0127 

0.0274 

0.7598 

0.0125 

0.0946 

0.5486 

Elovich kinetic model 

α  

β  

R
2
 

 

1.0450 x10
3 

9.1912 

0.9622 

 

21.0503 x10
3
 

9.8522 

0.8435 

 

0.0310 

11.0011 

0.9002 

 

0.1092 

10.3306 

0.7672 

 

Adsorption Isotherms 

The Langmuir & Freundlich adsorption isotherms are utilized to describe the adsorbents' surface properties, affinity 

and sorption process. Monolayer adsorption is assumed here was justified by the Langmuir adsorption isotherm 

(Figure 13), which states that no adsorption will occur if the adsorbate has already covered all of the active sites 

[44,45].  

 

The Langmuir adsorption isotherm can be articulated through Eqs. (7)  

𝑐e /𝑞e = 𝑐e /𝑞𝑚 + 1/ 𝑘𝑙𝑞𝑚   [7]  

 

The separation factor RL can be calculated from Eq. (8) which predicts whether the adsorption was favorable or 

unfavorable in terms of equilibrium parameter or dimensionless constant. 

𝑅𝐿= 1/ (1 + 𝑘l𝐶0 )                                [8] 

 

The value of RL point to whether the isotherm is unfavorable (RL more than 1), linear (RL = 1), favorable (RL less 

than 1), or irreversible (RL = 0). As presented in Table 2, the values of RL (among 0 & 1) indicate that the isotherm 

was favorable [46]. 

 

The Freundlich adsorption isotherms explained the multilayer and heterogeneous adsorption on the surface of 

adsorbate [47,48]. The results were expressed in Figure 14.  

 

Freundlich adsorption isotherm can be articulated through Eqs. (9).  

ln qe = ln Kf + (1/n) ln Ce   [9]  

 

If n is more than 1, it indicates that the adsorbate is being favorably adsorbed on the adsorbent. The adsorption 

intensity increases as n increases [49]. So, the adsorption processes of BF onto IL and AL were well described by 

Freundlich isotherm model, as the high R
2
 values (0.9606 and 0.9677) & the greater n values indicates stronger the 

adsorption intensity. While the adsorption processes of E onto IL and AL were well described by Langmuir isotherm 

model, as the high R
2
 values (0.9733 and 0.9866) and low RL values. So, the active sites are covered once by the 

adsorbate and a monolayer was formed. 

 

Temkin Isotherm  

It is assumed in this model that the heat of adsorption of all molecules in the layer will decrease linearly rather than 

logarithmically with coverage and the model also ignores the extremes of concentration, both small and big [50,51]. 

The model is given by the following equation (10) [52]. 

qe = B ln AT + B ln Ce   [10]    where B = RT/bT 

 

It can be deduced from Temkin plot shown in figure 17 that, the following values were assessed: AT =5.6275 L/g, 

5.1701 L/g, 0.0692 L/g and 0.0788 L/g for BF and E dyes adsorption onto IL and AL respectively. It was estimated 

also, that B= 0.2317 J/mol 0.6001 J/mol, 0.2053 J/mol and 0.2660 J/mol for the adsorption in the same sequence. 

This points to a physical adsorption process, as indicated by the sorption heat [24]. 

 

Dubinin–Radushkevich isotherm model 

This model is frequently employed to characterize the adsorption mechanism on a heterogeneous surface, where the 

energy is distributed in a Gaussian fashion [53]. Adsorption is modeled as a function of a pore-filling 

mechanism and the model is based on a semi-empirical equation. It is frequently used to discriminate among 

chemical and physical adsorption [54]. Many times, the model has been able to provide a good match for data 

including both high solute activity and a moderate concentration range [9]. 

ln qe = ln qs – kDRɛ
2
   [11] 
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ε is Dubinin–Radushkevich isotherm constant which can be calculated from Eq. (12)  

𝜀 = 𝑅𝑇 ln (1 + 1 /𝑐e )                               [12]  

E (for displacing an adsorbate molecule from its position in the sorption space to infinity) can be calculated for each 

adsorbate molecule using Eq. (13) 

𝐸 = 1/ (2𝑘𝐷𝑅) 
1/2

   [13] 

 

All appropriate information will fit on the same curve (Figure 18), called the characteristic curve, when adsorption 

data from changed temperatures are plotted as a function of logarithm of amount adsorbed (ln qe) against ε
2
 the 

square of potential energy [52, 55, 56].  

 

From Dubinin-Radushkevich (D-R) isotherm data, the values of E were 0.5, 2.357, 0.05 and 0.0707 KJ/mol 

designating a physisorption process [55].  

 

It is clear that the R
2
 values for all 4 various adsorption isotherm types are not the same. Table 2 displays correlation 

coefficient R
2
 values that, as they approach 1, indicate which adsorption isotherm model is most suited for BF and E 

onto IL and AL [51]. 
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Fig. 13:- Langmuir isotherm model. 
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Fig. 14:- Freundlich isotherm model. 
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Fig. 15:- Temkin isotherm model. 
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Fig. 16:- D-R isotherm model. 
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Table (3):- Isotherm parameters for BF dye adsorption onto IL & AL. 

Parameter BF onto IL BF onto AL E onto IL E onto AL 

Langmuir isotherm model 

b 

qo 

R
2
 

RL for initial dye concentration  

35 

70 

100 

135 

170 

200 

235 

270 

300 

325 

 

0.2528 

1.5344 

0.8613 

 

0.1015 

0.0535 

0.0381 

0.0285 

0.0227 

0.0194 

0.0166 

0.0144 

0.0130 

0.0117 

 

1.4378 

2.9913 

0.8259 

 

0.0195 

0.0098 

0.0069 

0.0051 

0.0041 

0.0035 

0.0030 

0.0026 

0.0023 

0.0021 

 

0.0097 

0.7983 

0.9733 

 

0.7465 

0.5956 

0.5076 

0.4330 

0.3775 

0.3401 

0.3049 

0.2763 

0.2558 

0.2353 

 

0.0099 

1.0921 

0.9866 

 

0.7427 

0.5907 

0.5025 

0.4280 

0.3727 

0.3356 

0.3006 

0.2723 

0.2519 

0.2317 

Freundlich isotherm model 

Kf 

n 

R
2
 

 

0.6011 

5.2798 

0.9606 

 

1.0812 

3.6778 

0.9677 

 

1.8574 

0.0305 

0.9613 

 

1.8797 

0.0434 

0.9767 

Temkin isotherm model 

B 

AT 

bT 

R
2
 

 

0.2317 

5.6275 

10.693 x10
3
 

0.9199 

 

0.6001 

5.1701 

4.1286 x 10
3  

0.8315 

 

0.2053 

0.0692 

12.0681 

0.9112 

 

0.2660 

0.0788 

9.3142 

0.9622 

Dubinin-Radushkevich (D-R) isotherm model 

KDR 

qs 

E 

R
2
 

 

 

2 x10
-6 

2.4717 

0.500 

0.6679 

 

 

9 x10
-8 

13.5425 

2.3570 

0.5872 

 

 

2 x10
-4 

0.2152 

0.050 

0.7589 

 

 

1 x10
-4

 

0.4287 

0.0707 

0.7980 

 

Calculation of thermodynamic parameters 

To determine the result of temperature on the adsorption of BF on AL and IL, it is important to determine the free 

energy variation (∆G◦), enthalpy modification (∆H◦) and entropy change (∆S◦). The apparent equilibrium constant 

(Kc) of the adsorption is defined as [57] 

𝑘𝑐′ = 𝑐𝑎𝑑,e/𝑐e                                       [14]  

 

In the lowest experimental BF concentration, the value of K’c can be determined [56]. Then the change of Gibbs 

free energy (∆G◦) was determined by substituting the value of K’c into the following equation. 

 ∆G
◦
 = −RT ln K’c   [15]  

 

By applying van’t Hoff equation of ∆G
◦
 vs T, the change of enthalpy (∆H

◦
) & entropy (∆S

◦
) can be obtained.  

∆G
◦
 =∆ H

◦
 − T ∆S

◦                                     
 [16] 

 

Table 3 displays the results of Eq. (15) for the standard Gibbs free energy alteration during the adsorption process. 

Adsorption of BF onto IL and AL resulted in negative ∆G◦ values because of the spontaneous nature of the 

adsorption processes & the significant preference of BF onto these two surfaces. As the temperature rises, the 

spontaneous nature of adsorption of BF reduces, as shown by a drop in the negative value of ∆G◦, suggesting that 

the adsorption is enhanced at higher temperatures. Adsorption on the BF/Lemon Peel system was verified to be 

endothermic thanks to the positive value of ∆H◦, and the increased unpredictability at the solid-solute interface was 

validated thanks to the positive values of ∆S◦. In addition, the low value of ∆S◦ indicated that the entropy does not 

alter significantly. [58] on the other hand, E adsorption processes onto IL and AL were nonspontaneous and no 

favorable as the values of ∆G
o
 are positive, but endothermic and random as the values of ∆H

o
 and ∆S

o
 are positive. 
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Fig. 17:- Thermodynamic parameters of BF and E adsorption onto IL and AL. 

 

Table (4);- Thermodynamic parameters for BF dye adsorption onto IL & AL. 

Parameter BF onto IL BF onto AL E onto IL E onto AL 

∆G
o
 at 

 298K  

323K 

 343K 

∆H
o
 

∆S
o 

R
2
 

 

-5.1347 

-5.8737 

-7.2815 

8.9937 

0.0469 

0.9426 

 

-11.9426 

-21.9679 

-24.7515 

73.4430 

0.2894 

0.9381 

 

3.5217 

2.6248 

1.9226 

14.113 

0.0356 

1 

 

2.6636 

1.3878 

0.6519 

16.017 

0.0450 

0.9920 

 

Conclusion:- 
Using of low-cost lupine peel waste for the elimination of Basic Fuchsine and Eosin dyes from aqueous solution was 

studied in batch experiments. Lupine peel shows a higher adsorption capacity value in the activated form and the 

adsorption equilibrium was rapid for the adsorption process. Adsorption kinetics could be defined by a rate equation 

of pseudo-second order. The experimental data most closely followed the Langmuir & Freundlich isotherms, which 

describe the adsorption processes. By increasing the temperature, both dyes removal increased so the adsorption 

process was endothermic. An overall higher selectivity for Basic Fuchsine dye than Eosin dye was observed 

showing that lupine peel can be effectively applied to the expulsion of basic fuchsine from aqueous solutions. As a 

result, lupine peel was identified as an active & inexpensive adsorbent for the elimination of dyes from dye-

containing industrial effluent.  

 

List of appreviations 

q (mg.g
−1

) the amount of adsorbed dye per g of adsorbent 

C0 (mg.l
−1

) the initial dye concentration 

Ce (mg.l
−1

) the dye concentration at equilibrium 

V (l) the volume of the dye solution 

m(g) the mass of the adsorbent 

qe (mg.g
−1

)  the amount of adsorbed dye per g of adsorbent at equilibrium 

qt (mg.g
−1

) the amount of adsorbed dye per g of adsorbent at time t 

t (min) the time 
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k1 (min
− 1

) the pseudo-first-order rate constant 

k2 (g.mg
-1

.min
-1

) the pseudo-second-order constant 

Kid (mg.g
-1

.min
-1/2

)  the intraparticle diffusion rate constant 

C (mg.g
-1

)  a constant that gives an idea about the boundary layer thickness 

α(mg.g
-1

.min
-1

)  the initial adsorption rate 

β(g.mg
-1

)  the desorption constant related to the extent of surface coverage and 

activation energy for chemisorption 

qm(mg.g
−1

) adsorption efficiency constant 

Kl adsorption energy constant 

RL the Langmuir constant 

Kf (L.g
-1

)  is the Freundlich constant at bonding energy and distribution  

N the heterogeneity factor or adsorption power 

AT (l.mg
-1

)  equilibrium binding constant 

B  Temkin heat of adsorption constant 

R (8.314 J.mol
-1

.K
-1

)  gas constant 

T (298 K)  the temperature of the system 

qs (mg.g
-1

)  theoretical isotherm saturation capacity 

KDR (mol
2
. kJ

-2
)  Dubinin–Radushkevich isotherm constant 

ε (kJꞏmol
-1

)  the adsorption potential based on the Polanyi’s potential theory 

E (kJꞏmol
-1

) the mean free energy per molecule of adsorbate 

Cad, e (mg.l
-1

)  the concentration of adsorbate on the adsorbent at equilibrium 

ΔG°(KJ.mol
-1

) the change of Gibbs free energy 

ΔH°(KJ.mol
-1

) the change of enthalpy 

ΔS°(KJ.mol
-1

) the change of entropy 
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