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Walnut shell for removal by adsorption of methylene blue from aqueous solution 

Cáscara de nuez para la remoción por absorción de azul de metileno en solución acuosa 
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Technological innovation: Agricultural waste is ecological and sustainable and can be attractive to be used 

for pollutants as an environmental field. 

Industrial application area: Textile industries could also consider the use of this type of materials that 

come from natural origin with absorbent properties to treat their effluents before being discarded into the 

environment; this could be something positive and sustainable for this type of industries. 
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Resumen 

Se utilizó cáscara de nuez (CN) como material adsorbente agrícola para eliminar el azul de metileno 

(AM) de soluciones acuosas y se evaluó en un proceso discontinuo. CN se analizó mediante 

microscopía electrónica de barrido (MEB) e infrarrojo por transformadas de Fourier (IR-TF). Los 

experimentos se realizaron dependiendo del tiempo de contacto, la dosis de adsorbente (0,5 y 0,1 

g), la agitación (50 y 100 rpm) y la temperatura (293 y 313 K), concentración inicial del adsorbato 

(50 mg/L). Los datos cinéticos se analizaron utilizando ecuaciones de pseudo primer y pseudo 

segundo orden. Los datos isotérmicos se modelaron con las ecuaciones de Langmuir y Freundlich. 

Los datos de la isoterma de adsorción encajan bien con la isoterma de Langmuir y se encontró que 

la capacidad de adsorción de la monocapa era de 80,65 mg/g para AM. La adsorción de AM en CN 

se confirma mediante IRTF y MEB. El estudio termodinámico revela que la adsorción de AM en 

CN se realiza mediante una reacción endotérmica (ΔH = 1.097 kJ/mol), factible y espontánea (ΔG0 
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= -21,157.32 kJ/mol a 293 K; -23,363.13 kJ/mol a 303 K; y -17,333.87 kJ/mol a 313 K) y disminuye 

el desorden de las moléculas. En el proceso de adsorción (ΔS0 = -2,63 kJ/mol K). La eficiencia del 

CN en AM estuvo relacionada con la disposición de los sitios de adsorción, así como con la 

estructura microporosa del material adsorbente. Los resultados indicaron que la cáscara de nuez 

podría ser una alternativa a los adsorbentes más caros que se utilizan para eliminar este colorante. 

Palabras clave: Azul de metileno, Cáscara de nuez, Cinética, Equilibrio, Isoterma de adsorción. 

 

 

Abstract 

Walnut shells (WS) were used as an agricultural adsorbent material to remove methylene blue 

(MB) from aqueous solutions and evaluated in a batch process. WS was analyzed by Scanning 

Electron Microscopy (SEM) and Fourier transform infrared (FTIR). The experiments were carried 

out depending on the contact time, the dose of adsorbent (0.5 and 0.1 g), the agitation (50 and 100 

rpm) and the temperature (293 and 313 K), initial concentration of the adsorbate (50 mg/L). The 

kinetic data were analyzed using pseudo-first order and pseudo-second order equations. Isotherm 

data were modeled with the Langmuir and Freundlich equations. The adsorption isotherm data fit 

well with the Langmuir isotherm and the adsorption capacity of the monolayer was found to be 

80.65 mg/g for MB. MB adsorption on WS is confirmed by FTIR and SEM. The thermodynamic 

study reveals that MB adsorption in WS is carried out by an endothermic reaction (ΔH = 1,097 

kJ/mol), feasible and spontaneous (ΔG0 = -21,157.32 kJ/mol a 293 K; -23,363.13 kJ/mol a 303 K; 

y -17,333.87 kJ/mol a 313 K) and decreases the disorder of the molecules in the adsorption process 

(ΔS0 = −2.63 kJ/mol K). The efficiency of the WS on MB was related to the arrangement of 

adsorption sites, as well as the microporous structure of the adsorbent material. The results 

indicated that walnut shells could be an alternative to the more expensive adsorbents used to 

remove the dye. 

Keywords: Adsorption isotherm, Equilibrium, Kinetics, Methylene blue, Walnut shell. 

 

 

1. Introduction 

In recent years, industrial development has 

left its mark on society because many 

industries such as textiles, petrochemical, 

pesticide, paint, printing, metallurgical and 

pharmaceutical industries, among others, 

release large amounts of chemical 

compounds (such as colorants and pigments) 

generating pollution and environmental 

deterioration, 1 which has caused serious 

damage to the environment and health. 

 

The textile industry produces wastewater that 

contains organic compounds with intense 

color, where in the dyeing processes, the 

percentage of dye lost in the wastewater is 

50% in the fiber fixation levels and it is 

estimated that a substantial amount is 

discharged into wastewater annually 2. 

 

The number of colorants they use, as well as 

heavy metals and dangerous substances, is so 

large that it has not been possible to calculate 

the total amount of these that are released 

uncontrolled into water bodies 3. These 

compounds have aromatic structures that 

make them very stable and difficult to 

biodegrade 4. Dyes can also be classified 
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according to their chromophore group into 

azo, anthraquinone, triphenylmethane, or 

imine dyes. Azoic and triphenylmethanes 

represent the majority of textile dyes 5,6 due 

to their properties of resistance to fixation and 

economic costs in the dyeing process. The 

release of pigmented waters into an 

ecosystem is a source of aesthetic pollution, 

which also causes disturbances in aquatic life. 

These pollutants are mutagenic, carcinogenic 

and cause severe damage to humans, such as 

dysfunction of the kidneys, reproductive 

system, liver, brain, and central nervous 

system in addition to allergies, skin irritation, 

nausea, sweating, vomiting, headache among 

other diseases 7. MB is a dye that has a 

positive charge and is important for the textile 

industry, to dye leather materials and 

synthetic fibers. In the pharmaceutical area, it 

is used therapeutically to treat 

methemoglobinemia, psychiatric disorders, 

nervous system disorders and malaria [8-10]. 

Despite its many applications, it has been 

reported that acute exposure to MB can cause 

deleterious effects, such as cyanosis, 

vomiting, jaundice, tissue necrosis, 

tetraplegia, and increased heart rate in 

humans [11-12]. The MB average lethal oral 

dose (LD50) in rats has been reported at 1,180 

mg/kg. When low doses (10 mg/kg) were 

administered to rats, their blood pressure 

increased, while at high doses (20 mg/kg) 

systemic hypotension and hypertension 

worsened after endotoxemia 13, 14. 

Although several studies have reported lethal 

doses in animals, limited data is available 

regarding this information in humans. 

However, it is hypothesized that the lethal 

dose is influenced by the dyes effect on blood 

pressure, vascular resistance, and blood flow. 

 

The textile industry is one of the many 

industries that discharge MB without any 

control, without any prior treatment, therefore 

these amounts exceed the permitted limit, 

which results in harmful effects on health and 

the environment. Furthermore, pigments 

impart toxicity in water bodies, including at 

low concentrations (less than 1 mg/L) 15 as 

they affect photosynthesis in aquatic 

organisms and plants due to the reduction of 

sunlight transmission [16]. 

 

Conventional methods for dye removal 

include coagulation, chemical oxidation, 

adsorption, ozonation, ion exchange, and 

flocculation, among others. Despite their 

benefits, some of them have relevant 

limitations [17-20] such as being usually 

effective and suitable only for small volumes 

of effluents and the need to treat very large 

amounts of by-products, which generates 

high costs. 

 

In recent years, the use of low-cost and 

efficient alternative adsorbent materials in the 

removal of dyes from wastewater has been 

investigated. Some of these include palm and 

chitosan ash 20,21, grapefruit peel (Citrus 

grandis) [22], wheat peel 23,24. WS as an 

agricultural residue could be an alternative to 

the wastewater treatment process. Due to the 

large amounts of this waste generated, it 

could be used to eliminate massive amounts 

of dyes from the textile industry, which 

causes a serious problem for the environment 

and the community. 

 

In this work we propose the application of an 

agricultural residue as a low-cost adsorbent to 

remove MB from aqueous solutions. The 

main objective of this study was to evaluate 

the potential of WS as a low-cost adsorbent 

material in the removal of MB dye, widely 

used in the textile industry. Experimental 

parameters such as WS pH, WS dose, contact 

time, temperature and agitation have been 

investigated. Adsorption isotherms as well as 

adsorption kinetic curves were obtained and 

theoretical models were used to determine the 

adsorption mechanism. The results will be 

useful to know the feasibility of cheap 
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agricultural residues in the disposal of 

wastewater contaminated with pigments from 

the textile industry. 

 

2. Materials and methods 

2.1 Dye cationic 

A cationic dye was used, MB (HYCEL, 

Monterrey, Mexico) with molecular formula 

C16H18N3ClS (319.85 g/mol), a wavelength of 

650 nm, and its chromophore group is imine. 

The experiments were obtained from a 1000 

mg/L stock solution that was prepared from 

the dye. 

 

2.2 Pretreatment and characterization 

of WS 

The WS, Juglans regia is a member of the 

family Juglandaceae was collected from 

Coahuila, Mexico. It was transferred in bags 

and washed with distilled water to remove 

impurities and soluble compounds that could 

interfere later in the tests. Before 

characterization and adsorption studies, the 

material was dried in an oven at a temperature 

of 60 °C for its subsequent grinding which 

was carried out in an industrial-type blender 

(USA Standard Test sieve). The adsorbent 

material was cut into small pieces and sieved 

until a particle size of 2 mm was obtained, 

which was stored in hermetic containers and 

did not receive any chemical treatment for the 

subsequent tests. 

 

2.3 Characterization of WS 

The characterization of the agricultural 

adsorbent material was analyzed by zeta point 

charge (ZPC) and isoelectric point (IEP) 

using a potentiometer, (Orion star A214 

Potentiometer). Fourier transform infrared 

(FTIR) (Nicolet iS10 Thermo Spectrometer) 

was used for the identification of functional 

groups. WS surface morphology was also 

determined by scanning electron microscopy 

(SEM) analysis. 

 

2.4 Experimental conditions for 

adsorption 

For the adsorption tests, the following 

parameters were established as independent 

input variables, the adsorbent dose, 

temperature, agitation, and contact time, 

while the dye removal efficiency was chosen 

as the dependent response variable. A full 

factorial experimental design of 23 was 

designed, with three repetitions, resulting in a 

total of 24 experiments. The adsorption 

experiments were carried out in triplicate in 

50 ml Erlenmeyer flasks where 0.1 g and 0.5 

g of the adsorbent material were added with 

an initial 50 mg/L dye solution. Agitation was 

established at 50 and 100 rpm (Shaker 

MAXQ 4000 Thermo Scientific) at two 

temperatures, 293 and 313 K for 2 h, at 

neutral pH. After this time, the supernatant 

was separated and analyzed by a UV-visible 

spectrophotometer at 650 nm (EVOLUTION 

60S ThermoScientific) to determine the 

removal capacity and final concentration of 

MB. The calculation of the dye removal 

percentage was evaluated according to the 

following equation: 

% 𝑅 =
𝐶𝑜−𝐶𝑒

𝐶𝑜
 𝑥 100                 (Eq. 1) 

 

Where: 

Co: Initial concentration (mg/L) 

Ce: Concentration at equilibrium (mg/L) 

The adsorption capacity, which is defined as 

the mass of adsorbate per gram of adsorbent, 

was evaluated using the equation: 

𝑞𝑚 =
(𝐶𝑜−𝐶𝑒)𝑉

𝑊
                                      (Eq. 2) 

 

Where the Co and Ct (mg/L) are the 

concentrations of the MB in the liquid phase 

at the beginning and equilibrium. V is the 

volume of the solution (L) and W is the mass 

of the dry adsorbent (g). 
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2.5 Batch kinetic studies 

The adsorption tests for the kinetic study were 

carried out at different contact times of the 

adsorbent with the MB in a Thermo Scientific 

Shaker MAXQ 4000 at 293 K. The adsorption 

was carried out with 10 mL of MB with a 

concentration of 50 mg/L and 0.1g of WS 

with constant stirring at 50 rpm and 293 K. 

The experiment was carried out in triplicate at 

different times, 0, 5, 15, 30, 45, 60, 90 and 

120 min. After each time, a sample was taken 

and centrifuged at 5000 rpm for 5 min to 

obtain the supernatant, which was analyzed 

by visible spectroscopy to obtain the final 

concentration of the dye and the percentage 

of removal. 

 

The data obtained from the biosorption 

kinetics were analyzed using mathematical 

models of biosorption such as pseudo-first 

order and pseudo-second order, which 

explain the interactions of the dye molecules 

with the functional groups of the biosorbent 

cell wall. 

 

2.6 Isotherm studies 

Solutions with different concentrations of the 

dye were prepared from a stock solution of 

500 mg/L. A 0.1g mass of the material 

biosorbent was added in 50 mL flasks 

containing the 10 mL solution of the dye at 

these concentrations (25, 50, 75, 100, 125, 

150, 175, 200, 225, 250, 275, 300 mg/L). The 

dose and agitation that were established for 

this experiment were those that showed the 

highest removal percentages in the 

preliminary tests. Subsequently, the tubes 

were centrifuged at 5000 rpm for 5 min, the 

supernatant was separated and the residual 

concentration of the dye was measured by 

visible spectroscopy. The experiment was 

carried out in triplicate at 3 different 

temperatures (293 K, 303, and 313 K) for a 

time of 2 h. The experimental data obtained 

were used to analyze the Langmuir and 

Freundlich isotherms. After obtaining the 

experimental data, the adsorption isotherms 

were analyzed, among which the Langmuir 

and Freundlich models stand out, which 

describe how the adsorption of the liquid 

phase to the solid phase occurs on the surface 

of the biosorbent material. 

 

3 Results and discussion 

3.1 Characterization of WS as a function of 

surface pH, FTIR, and SEM. 

The point of zero charge is an indicator of the 

number of positive and negative surface sites 

of the adsorbent material. Fig. 1a shows the 

pH value 5.0. This value indicates the most 

suitable range to achieve the elimination of a 

specific dye according to its anionic or 

cationic nature. Below this value, negatively 

charged dyes are absorbed, while above this 

value removal will be favored by positively 

charged dyes. On the other hand, this data 

also indicates that, below this value, the net 

charge of the adsorbent surface is positive, 

therefore, dyes that have a negative charge are 

absorbed, which is attributed to the presence 

of groups functional such as amino groups, 

which are positively charged and can attract 

negatively charged dyes such as anionic dyes. 

Whereas, above this value, the elimination of 

positively charged colorants can be favored. 
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Figure 1. (a) Zero charge point (ZCP) (b) Isoelectric 

point (IEP) of WS. 

 

The effect of pH in the aqueous solution is an 

important factor in the amount of adsorption. 

For example, 25 used the WS as an 

adsorbent for the removal of MB but treating 

the WS with different acids, such as 

hydrochloric acid, acid sulfuric, and 

phosphoric acid. Treatment with acids causes 

the adsorbent surface to undergo protonation 

or deprotonation of acidic and basic groups, 

also influencing the groups present in the MB 

molecule. They observed low adsorption of 

MB at low pH when the WS is not treated 

with acids, which can be attributed to the 

presence of hydrogen ions H+ in the solution 

and the interaction with the cationic dye. This 

can lead to a decrease in the repulsion and 

adsorption charges of the adsorbate with the 

adsorbent. On the other hand, as the pH of the 

solution increases, the number of negative 

ions on the surface of the adsorbent increases, 

therefore high adsorption values would be 

expected, due to the strong electrostatic 

interaction between the negatively charged 

surface and MB which is a cationic dye. 

 

However, Fig. 1b shows the isoelectric point 

with a value of 7.2, which indicates the 

surface charge distribution of the adsorbent 

material [26]. This value was decisive to 

know if WS would need any previous 

treatment for the experiments. Other studies 

such as 27 determined zero charge point 

using sunflower oil and activated carbon as 

adsorbent, obtaining values in a range of 2.5-

5.5 28, used coconut bagasse as adsorbent 

material for the removal of Blue Remazol 

(R160) which was 6.7. In other words, the 

adsorbent material was not chemically 

modified since the value obtained of 7.2 

allowed the experiment to be carried out 

without altering the surface charge and the 

behavior of the WS with a cationic dye could 

be observed. The potentiometric titration of 

the biomass allowed us to determine the 

isoelectric point of the adsorbent surface 

which indicates that the WS can be used 

directly to see the behavior of dye of cationic 

nature such as MB, since these 

determinations also indicate the number of 

functional groups present on the surface, such 

as carboxyl and amino groups 29,30. 

 

In the FT-IR analysis for WS, the different 

lengths related to the stretching vibrations can 

be observed, such as the one shown at 3301 

cm-1. Figure 2a and 2b this band it is related 

to the stretching vibration of the hydroxyl 

group present in the cellulose of agricultural 

residues. The band is shown at 2935 cm-1 was 

assigned to the stretch vibration of the 

aliphatic C–H group. The absorption band 

that appears at 1600 cm-1 is related to the C=O 

group that indicates the presence of 

carboxylic acids, ketones, or esters attributed 

to the precursor compounds of lignin 31-33. 

The band show at 1520 cm-1 was assigned to 

the stretching vibration of C=C groups, while 

the 1436 cm-1 band suggests bending 
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vibrations of methyl and methylene groups. 

On the other hand, the agricultural adsorbent 

materials are attributed infrared spectra with 

basic components that correspond to the 

bands of carboxylic acid (1714 and 1032 cm-

1), carboxylate ion (1348 and 1606 cm-1), and 

the presence of the amino group (1243 and 

1032 cm-1). The presence of these groups is 

an indication of the importance of functional 

groups on the surface of WS since these 

ionizable groups preferentially favor the 

elimination of cationic dyes.

 

 

 
Figure 2. FT-IR of WS adsorbent; (a) before dye adsorption (b) after dye adsorption. SEM characterization; (c) 

before MB adsorption (d) after MB adsorption. 

 

Scanning microscopy analysis shows the 

micrographs for the WS and MB treatment. 

Fig. 2c shows the surface for the WS without 

receiving prior treatment, the measurement 

was made at 30 µm in which a surface with 

pores of irregular size can be seen, a hollow 

surface with high porosity, these irregularities 

allow the adsorption of dyes on the surface of 

the WS, due to the presence of holes, pores, 

and cracks. Fig. 2d shows the WS surface 

after adsorption with MB, it can be seen that 

the holes and pores have been occupied by the 

MB molecules, the MB molecules covered 

the WS surface, they show some superficial 

scars, but in general, they tend to occupy the 

holes homogeneously. This analysis confirms 

that the adsorption of MB on the WS has been 

successful. In general, the morphologies of 

agricultural residues have been studied and 

these characteristics that are observed are 

particular to lignocellulosic materials, which 
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generally present unlimited pores and 

irregular porous structures. 

 

3.2 Experimental conditions for adsorption 

The parameters that were considered to 

evaluate the experimental conditions of the 

adsorption process were the following: 

adsorbent dose (g), temperature (K) and 

agitation (rpm), all of these as a function of 

time. Final concentration, removal capacity 

and removal efficiency were evaluated as 

dependent response variables. In fig. 3 the 

experimental adsorption conditions for MB 

are shown. It started with a concentration of 

50 mg/L with a reaction time of 2 h. The 

removal percentages at 293 K were 95 ± 5.2% 

while at 313 K they were 95 ± 4.7%. The 

initial concentration of the dye was not a 

variable to modify, however, it is an 

important factor to consider the mass transfer 

process between the adsorbent and the 

adsorbate. 

 

 
Figure 3. Experimental optimization conditions of MB (a) At a temperature 293 K (b) At a temperature 313 K. The 

left y-axis represents the percentage of dye removal (bars) and the right represents the removal capacity (line). The x-

axis shows the adsorbent and agitation doses. 

 

It has been shown that the percentage of dye 

removal decreases when the initial 

concentration is high (150 mg/L) [34], due to 

the saturation of the active adsorption sites on 

the surface of the adsorbent, while with low 

initial concentrations the adsorption sites 

were unoccupied, so the adsorption sites can 

be easily occupied by the dye without 

becoming saturated, thus achieving an 

increase in the percentage of dye removal. 

Studies have shown an increase in the 

removal rate of MB at different changes in 

initial dye concentration. Jawad et al. (2018) 

used dragon fruit peels in MB removal but 
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without further treatment [35]. The removal 

efficiency reached its optimal performance 

around 83%, at a dose of adsorbent of 600 

mg/L, temperature 298 K, initial dye 

concentration 100 mg/L, stirring speed of 120 

rpm, and contact time of 180 min. Shen and 

Gondal (2017) [36] used coffee powder, from 

an initial concentration of 15 mg/L of 

colorant, pH 2 and dose of adsorbent 0.05 g/L 

for the removal of Rhodamine B and 

Rhodamine 6G. 

 

3.2.1 Statistical analysis 

The experimental design was carried out 

using the Minitab 19 tool, applying the 

removal percentage of removal or adsorption 

efficiency as response variables. ANOVA 

factorial design 23 (p <0.05) was used with a 

total of 24 experiments, the variables of 

temperature, adsorbent dose, and agitation. 

Each variable was assigned by letters, (A) for 

temperature, (B) for the adsorbent dose, and 

(C) for agitation. Two levels were handled, 

high level (+) and low level (-), 3 replicates 

were made and the response factor was the 

removal percentage. 

 

In Table 1, it can be deduced that for MB the 

factors B and C are quite significant in the 

analyzed response, as well as the BC 

interaction. On the other hand, factor A does 

not add significant value to the response, so it 

is convenient to manage it at the level that 

represents the lowest energy consumption 

and represents the lowest cost, that is, at 20 

°C. 

 
Table 1. Two-level factors for ANOVA analysis. Statistical parameters of the data obtained in the ANOVA analysis. 

Assigned letter Factor Low level (-) High level (+) 

A Temperature (K) 293 313 

B Dose (g) 1 5 

C Agitation (rpm) 50 100 

Source DF S.S.S Contribution SS fit LS F value 

Model 3 366.21 82.34% 366.21 122.069 31.08 

Linear 2 328.71 73.91% 328.71 164.353 41.85 

B 1 291.21 65.48% 291.21 291.207 74.15 

C 1 37.50 8.43% 37.50 37.500 9.55 

2 term interactions 1 37.50 8.43% 37.50 37.500 9.55 

B*C 1 37.50 8.43% 37.50 37.500 9.55 

Error 20 78.55 17.66% 78.55 3.927  

Lack of fit 4 15.58 3.50% 15.58 3.895 0.99 

 

The model shown suggests that, using factor 

B at the low level (1g dose) and factor C at 

the high level (stirring 100 rpm), 98 % 

removal is obtained. The ANOVA in Table 

1b also shows the BC interaction and it is 

strongly significant, so it is suggested that, 

when factor B is at a low level (-), factor C 

can be used at a low level (-) or at a high level. 

(+) since it generates the same response, 

therefore we could handle factor C with the 

low level. 

 

 

3.3 Effect of adsorbent dose 

One of the main factors that affect the 

adsorption process is the dose of the 

adsorbent material, this is due to the fact that 

the surface of this material has adherence or 

adsorption sites and this number of sites 

increases when working with high doses. 

since the promoted surface is more exposed 

to the adsorbate and its molecules find a place 

to settle or rest during the adsorption process. 

However, when the dose of the adsorbent is 

very high, saturation of these adsorption sites 
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can occur, which can result in a decrease in 

the efficiency of dye removal [37]. 

 

In figure 3 we can see the effect of the 

adsorbent dose on the removal percentage at 

two fixed temperatures and with an initial MB 

concentration of 50 mg/L. In general, it is 

known that the increase in the number of 

adsorption sites on the surface of the 

adsorbent leads to an increase in the removal 

efficiency [38], for MB the removal 

percentages remained above 88%, the effect 

of the dose reflected high percentages of 

removal even when the dose was low, this 

effect was pointed out in the statistical 

analysis, it was even suggested that it is 

possible to work at a minimum dose since 

both doses are effective on the removal of 

dyes. Therefore, the choice of the minimum 

dose can also be an important factor of 

economic interest for the agro-industrial 

sector. The data obtained led to the decision 

that the optimal experimental dose to 

continue with the other study experiments is 

0.1 g of WS. 

 

The effect of the dose was also studied with 

other dyes such as indigo carmine but with 

rice husk as adsorbent material, from this 

study it was concluded that the removal 

efficiency was 36 – 96 % when the doses of 

the adsorbent were varied from 2 at 20 g/L 

39. Similar results were obtained by Fatma 

Bouaziza et al., 2017 when they used almond 

gum as an adsorbent for the adsorption of 

malachite green. The study was carried out by 

varying the dose of the adsorbent from 2 to 30 

g/L, starting from an initial concentration of 

100 mg/L at 40 °C and neutral pH for a 

contact time of 1 h 40 . On the other hand, 

Mohammad Kashif Uddin and Abu Nasar, 

2020 41 observed an increase in the 

percentage of MB removal when they varied 

the dose of WS (Junglans regia) from 0.1 to 

1 g, their results were very similar to those of 

this work, since they obtain percentages of 

removal above 90 % at low doses, this may 

be due to the increased interactions of the 

molecule with the adsorbate at low doses and 

the provision of active sites, which at higher 

doses where a supersaturation of the 

adsorbate with the adsorbent can occur, 

causing a decrease in dye removal. 

 

3.4 Effect of temperature 

The temperature factor is another important 

parameter during the adsorption process. This 

is an indicator of the nature of the adsorption, 

since it is known that an increase in 

temperature causes an increase in the 

mobility of the active sites of the adsorbent, 

thus causing an increase in the rate of 

diffusion of the molecules in the interface, 

that is, in the boundary layer that divides the 

dye molecules and the internal pores of the 

adsorbate particles 42. This effect can also 

vary depending on the movement of the dye 

molecules and the class to which they belong. 

With the temperature variation, a variation in 

the equilibrium capacity of the adsorbent is 

also expected. If the adsorption capacity 

increases with increasing temperature, an 

endothermic process is said to take place 43, 

this increase in temperature causes an 

increase in the number of sites of the 

adsorbent material. Figures 3a and 3b show 

the temperature variation of 293 K and 313 K 

for MB, in which it can be seen that as the 

temperature increases, the elimination 

percentages remain above 90%. The increase 

in adsorption capacity may also be due to the 

effect of junction fractures on the surface of 

the adsorbent. 44, It is worth mentioning 

that the adsorption process can become slow 

when working with temperatures higher than 

313 K, since the adsorption sites of the 

adsorbent material could become saturated, 

and probably the adsorbate molecules in the 

adsorbent would initiate a desorption process 

if the process continues with 45,46 high 

temperatures. The adsorption of MB with 

palm kernel fiber as adsorbent material was 
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also studied, which was treated with HCl, 

when the temperature increased from 299-

339 K, an increase in the adsorption capacity 

was observed, which indicates that the 

adsorption process is carried endothermically 

[47], similar studies were carried out by [48], 

when they studied the adsorption of MB, 

malachite green (MG) and crystal violet 

(CV). 

 

3.5 Adsorption kinetic studies 

To define the adsorption efficiency, it is 

necessary to describe the adsorption 

dynamics in terms of adsorption kinetics by 

measuring the adsorption residence times and 

the rate constant [49]. It is suggested that for 

a material to be useful as an adsorbent, it must 

have a good adsorption rate, that is, it must 

have a high adsorption capacity and therefore 

a fast adsorption rate. This adsorption process 

involves primarily the internal mass transfer 

of the adsorbate molecules to the sorption 

sites, as well as the external mass transfer of 

the dye molecules from most of the solution 

to the external surface of the adsorbent and 

therefore last the sorption process itself. 

 

The pollutant biosorption process is 

dependent on the time required to reach 

equilibrium and this can be measured by 

biosorption kinetics experiments. In many 

dye adsorption processes, the pseudo-first-

order and pseudo-second-order models are 

used to determine adsorption kinetics. The 

pseudo-first-order model is given by the 

Lagergren expression [50], to determine the 

adsorption rate constant. It is worth 

mentioning that there is evidence of dye 

removal registers in which the pseudo-first-

order model does not fit well to the entire 

contact time range, however, it is one of the 

oldest and most theoretical models that can 

predict the amount of dye adsorbed onto the 

adsorbent material. 

 

ln(𝑞𝑒 − 𝑞𝑡) = ln 𝑞𝑒 − 𝑘1𝑡                 (Eq. 3) 

 

Where qe and qt (mg/g) represent the number 

of dyes adsorbed at equilibrium and at time 

t(min), respectively, and k1 (l/min) is the 

adsorption constant. Table 2 showed the 

adsorption kinetic data for the MB starting 

from an initial concentration of 50 mg/l. The 

pseudo-first-order and Elovich models 

showed low correlation coefficients 

compared to the pseudo-second-order. The 

expression of the pseudo-second-order model 

is given by [51]. 

 
𝑡

𝑞𝑡
=

1

𝑘2𝑞𝑒
2 +

1

𝑞𝑒
                           (Eq. 4) 

 

Where qe represents the adsorption capacity 

at equilibrium and k2 is the pseudo-second-

order constant (g/mg·min) which can be 

experimentally determined from the slope 

and intersection of the line by graphing t/q 

(min·g/mg) vs t(min). The results of the 

kinetic models are shown in Table 2. 

 
Table 2. Parameters of kinetic models for MB dye at 313 K and initial concentration of 50 mg/L. 

Kinetic model Parameters 

pseudo first 

order 

k, (l/min) 

qe, (mg/g) 

R2 

0.586 

0.0001 

0.029 

pseudo second order k, (g/mg min) 

qe, (mg/g) 

R2 

2.820 

4.027 

0.9974 

Ecuación de Elovich A, (mg/g min) 

b, (g/mg) 

R2 

0.019 

30.674 

0.749 
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The pseudo-first order model shows very 

inaccurate R2 values, deviated from unity, 

and the value of qe turned out to be too small. 

In contrast, the graph of t/q vs. t (Figure 4) for 

the pseudo-second order model showed R2 

values of 0.9974 for MB, this value is close to 

unity and an increase in the value could also 

be seen. of what. Therefore, based on the R2 

values and the fit of the theoretical qe and t/qe 

value with the experimental one, we can 

assume that the MB adsorption fits the 

pseudo-second order model well. The 

pseudo-second order model assumes that the 

mass transfer is explained by the 

chemisorption mechanism, due to the 

participation of chemical forces involved in 

the chemical bonding of the MB with the WS 

surface and that it may also be the control 

stage of the speed in adsorption processes by 

[52,53]. The pseudo-second order model 

assumes that chemisorption is strongly 

involved in controlling the rate of adsorption 

processes. Figure 4 represents the fitted 

model for MB, which shows a correlation 

coefficient close to unity and fits a pseudo 

second order model. This pattern was also 

observed in MB adsorption with peanut shells 

[54]. 

 

 
Figure 4. Pseudo-second order kinetics for adsorption of MB on WS waste in an aqueous solution of 50 mg/L at 313 

K. 

 

On the other hand, [55,56] also studied MB 

adsorption using guava leaf powder in which 

they obtained R2 values for the pseudo first 

order model with values ranging between 

0.70 and 0.85, while the R2 values of the 

pseudo second order model were 0.99. The 

Elovich equation has also been widely used to 

describe the process of adsorption of 

contaminants from water, such as heavy 

metal effluents such as Cr(VI) and Cu(II) 

when chitin and chitosan were used as 

adsorbent materials. This model is of general 

application in chemisorption processes and 

assumes that the active sites of the adsorbent 

are heterogeneous [57] and therefore exhibit 

different activation energies, which confirms 

the second order reaction for a heterogeneous 

reaction process. 

 

3.6 Isotherms adsorption 

Contaminants migrating from an aqueous 

phase to an agricultural adsorbent have been 

studied by many isothermal models [58, 59]. 

The ratio of the adsorbate in the liquid phase 

and the equilibrium adsorption amount on the 

solid phase at a given temperature can be 

determined from the adsorption isotherms. To 

establish the adsorption data, as well as the 
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adsorption mechanisms and the maximum 

adsorption capacity, two isotherm models 

were tested: Langmuir and Freundlich. These 

models allow us to model the equilibrium 

data, study the adsorption mechanism, the 

maximum adsorption capacity, as well as the 

properties of the adsorbent material. 

 

The Langmuir isotherm accounts for surface 

coverage by balancing relative adsorption and 

desorption rates (dynamic equilibrium). 

Adsorption is proportional to the fraction of 

the adsorbent surface that is open while 

desorption is proportional to the fraction of 

the adsorbent surface that is covered [60]. It 

is worth mentioning that one of the tools 

applied to define the best model to quantify 

the adsorbate distribution is through linear 

regression analysis [61]. The Langmuir 

adsorption model establishes the maximum 

adsorption, which suggests that, once the 

adsorbate is adsorbed, it does so occupying a 

single site, that is, adsorption occurs in 

specific homogeneous sites, to form a 

monolayer of molecules on the surface of the 

adsorbent. Furthermore, this model assumes 

that there is no steric hindrance between the 

adsorbed molecules. The Langmuir equation 

in linear form is [62]: 

𝐶𝑒

𝑞𝑒
 = 

1

𝑞𝑚𝑎𝑥∗𝐾
 + 

𝐶𝑒

𝑞𝑚𝑎𝑥 
      (Eq. 4) 

 

Where Ce (mg/L) is the equilibrium 

concentration of the adsorbate, qe (mg/g) is 

the amount of adsorbate per unit mass of 

adsorbent, K and qmax are Langmuir constants 

related to adsorption capacity and rate of 

adsorption, respectively. 

 

The Freundlich model is oriented to 

adsorption processes that occur on 

heterogeneous surfaces [63]. This model 

defines the heterogeneity of the surface and 

the exponential distribution of the active sites 

and their energies [64]. The equation of the 

Freundlich model in linear form is the 

following [65]: 

log 𝑞𝑒 = log 𝐾𝐹 +
1

𝑛
log 𝐶𝑒 

 

Where 𝐾𝐹 is the adsorption capacity (L/mg) 

and 1/𝑛 is the adsorption intensity; this is also 

an indicator of the relative distribution of the 

energy and heterogeneity of adsorbate sites. 

 

The applicability of the isotherm equations 

was compared by judging the correlation 

coefficients, R2. Table 3 shows that the 

Langmuir isotherm model produced R2 

values close to unity as the temperature 

increases. The R2 values (0.88) suggest that 

the Langmuir isotherm provides a good fit to 

the isotherm data, although the higher 

temperature Freundlich model also shows R2 

values very similar to the Langmuir ones, this 

could be seen as a competition of adsorption 

mechanisms, this indicates that the MB could 

carry out the two adsorption models with 

increasing temperature. 

 
Table 3. Parameters of isothermal adsorption models for MB dye. 

Isotherm Model Parameters Temperature (K) 
  

293 303 313 

Langmuir qe (mg/g) 80.65 42.92 62.11 
 

b (L/mg) 0.01 0.02 0.02 
 

K 8.48 31.41 44.04 
 

R2 0.78 0.32 0.88 

Freundlich n 2.02 1.27 3.55 
 

KF (L/mg) 0.37 0.52 0.17 
 

R2 0.72 0.68 0.84 
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The MB describes two models that compete 

for the accommodation of the molecules, 

firstly, it fits the monolayer model but the 

multilayer phenomenon can also occur if the 

temperature continues to increase, which 

means that the interaction between the 

adsorbent and adsorbate occurs first by 

chemisorption, but as the temperature 

increases, physisorption may occur. 

 

A similar observation was reported for MB 

adsorption on silkworms [66], cedar sawdust, 

and crushed brick [67]. Table 4 lists the 

comparison between the MB monolayer 

adsorption capacities on various adsorbents. 

It is clear that the WS used in this work had a 

relatively adequate adsorption capacity of 

80.65 mg/g compared to other adsorbents 

found in the literature [68-71]. 

 
Table 4. Comparison of the maximum monolayer adsorption of MB onto various adsorbents. 

Adsorbents Maximum monolayer adsorption 

capacity (mg/g) 

References 

Walnut shell 80.65 This work 

Sawdust 40.50 [68] 

Oil palm trunk fiber 49.35 [69] 

Broad dean peels 62.72 [70] 

Jute processing waste 22.47 [71] 

 

3.6.1 Thermodynamic studies 

There are thermodynamic parameters that are 

of importance in the adsorption process since 

these allow us to predict whether the 

mechanism of the adsorption process occurs 

by physisorption or chemisorption [72,73]. 

These parameters include enthalpy (H°), 

entropy (S°), and Gibbs free energy (G°), 

which are determined by the following 

equations and from the Van’t Hoff 

intersection and slope. 

 

∆𝐺° = −𝑅𝑇 ln 𝐾𝑐 

ln 𝐾𝑐 =
−∆𝐻°

𝑅𝑇
+

∆𝑆°

𝑅
 

 

Where: 

R is the universal gas constant (8.314 J 

/mol/K), Kc is the dimensionless equilibrium 

constant derived from the dimensional 

distribution coefficient Kd with the dimension 

of L/g. Kd at different temperatures is 

obtained by plotting qe / Ce vs Ce and 

extrapolating Ce to zero. 

 

The results with negative values of G° 

indicate that the adsorption process is 

spontaneous and favorable in this temperature 

range. It can be observed in the table 5, that 

for MB the G° values do not show a 

tendency to increase or decrease with 

increasing temperature, which is confirmed 

by the statistical analysis of ANOVA, which 

showed that temperature does not 

significantly affect efficiency removal. 

 
Table 5. Thermodynamic parameters for the adsorption of MB with WS. 

Temperature (K) ∆G° (kJ/mol) ∆H° (kJ/mol) ∆S° (kJ/mol) 

293 -21157.32 1097.02 -2.63 

303 -23363.13 

313 -17333.87 
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Positive values of H° indicate an adsorption 

process of an endothermic nature. The ΔS ° is 

an indicator of the disorder of the molecules 

at the adsorbent and adsorbate interface. 

Negative values of ΔS° suggest that the 

disorder of the MB molecules decreases, 

which means that these colored molecules are 

deposited on the WS surface without 

modifying the internal structure of the 

adsorbent during the entire adsorption 

process. On the contrary, positive values of 

ΔS° indicate that the disorder increases so that 

the molecules can adhere or unattached to the 

surface of the adsorbent, that is to say, that 

some of these particles can bind to the WS but 

for a short time and then disjoin. 

 

4 Conclusions 

Current studies showed that the adsorption of 

MB with WS is favored by low agitation, low 

temperature, and low adsorbent doses. The 

adsorption kinetics followed a pseudo-

second-order kinetic model. The results 

obtained were modeled using two isotherm 

models: Langmuir and Freundlich. The 

equilibrium isotherms were well described 

by the Langmuir equation, giving a 

maximum adsorption capacity of 80.65 mg/g 

at 293 K. The thermodynamic parameters 

suggest that adsorption is a typical 

characteristic of chemisorption, in a 

spontaneous process and endothermic. This 

study revealed that WS can be used as an 

inexpensive method. Natural-based 

adsorbent to remove MB stains from 

aqueous solutions. When the WS used as an 

adsorbent becomes saturated, it can be 

incinerated. Since WS production occurs in 

the middle of the year in most tropical 

countries, the wasted shell can be easily 

purchased and used for future commercial 

applications. 
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