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Adsorption of Brilliant blue 
FCF (B1) and Allura Red 
(R40) colorants on cocoa 
shell: kinetics of the process

Adsorción de los colorantes 
azul brillante FCF (B1) y rojo 
allura (R40) en cáscara de 
cacao: cinética del proceso

Adsorção dos corantes azul 
brilhante FCF (B1) e vermel-
ho allura (R40) na casca de 
cacau: cinética do processo

The use of dyes in food industrial proces-
ses is limited due to significant pollution 
in aquatic receptors from their wastewa-
ter. To address this issue, this study fo-
cused on evaluating the adsorption of 
dyes Allura Red (R40) and Brilliant blue 
FCF (B1) using cocoa shells (CS) as an ab-
sorbent. To achieve this, a pre-treatment 
was applied, which involved washing, 
grinding and drying at a temperature of 
80 °C for 24 h, followed by a sieving pro-
cess. The effect of the adsorbent dose 
was then analyzed and it was calculated 
that the optimal dose was 4 g/L. Addi-
tionally, the effect of contact time was 
studied through a kinetic analysis, all 
tests were carried out at a pH level of 2. 
The obtained data were fitted to kinetic 
models, which allowed us to conclude 
that the adsorption kinetics fit two di-
fferent models depending on the initial 
solution conditions, in a range from 0 to 
0.1512 mmol/L. Specifically, the Pseudo 
Second-Order (PSO) model fitted R40, 
while the Elovich model was appropriate 
for B1. In summary, CS was found to be a 
viable adsorbent for dyes in contamina-
ted waters.

O uso de corantes em processos indus-
triais de alimentos é limitado devido à 
considerável contaminação que geram 
nos corpos aquáticos receptores de seus 
efluentes residuais. Com o objetivo de 
abordar este problema, foi realizado um 
estudo focado na avaliação da adsorção 
dos corantes vermelho allura (R40) e azul 
brilhante FCF (B1), utilizando casca de 
cacau (CS) como adsorvente. Para isso, 
foi inicialmente aplicado um pré-trata-
mento que incluiu várias etapas, como 
limpeza, moagem, lavagem e secagem a 
80 °C durante 24 h, seguido de um pro-
cesso de peneiramento. O efeito da dose 
do adsorvente foi então analisado e de-
terminou-se que a dose ideal do adsor-
vente era de 4 g/L. Da mesma forma, o 
efeito do tempo de contato foi estudado 
através de um estudo cinético, todos os 
testes foram realizados em um nível de 
pH de 2. Os dados obtidos foram ajusta-
dos a modelos cinéticos, o que permitiu 
concluir que a cinética de adsorção se 
ajusta a dois modelos diferentes depen-
dendo das condições da solução inicial, 
num intervalo que varia de 0 a 0,1512 
mmol/L. Especificamente, o modelo de 
pseudo-segunda ordem (PSO) ajustou-se 
ao corante R40, enquanto o modelo 
Elovich foi adequado ao corante B1. Em 
resumo, o CS mostrou-se viável como 
adsorvente de corantes em águas conta-
minadas.

El uso de colorantes en procesos indus-
triales alimentarios es limitado debido a 
la considerable contaminación que gene-
ran en los cuerpos acuáticos que son re-
ceptores de sus efluentes residuales. Con 
el objetivo de abordar esta problemática, 
se llevó a cabo un estudio enfocado en la 
evaluación de la adsorción de los colo-
rantes Rojo allura (R40) y azul brillante 
FCF (B1), utilizando cáscara de cacao (CS) 
como adsorbente. Para lograrlo, primero 
se aplicó un pretratamiento que com-
prendió diversas etapas, tales como lim-
pieza, trituración, lavado y secado a 80 °C 
durante 24 h, seguido de un proceso de 
tamizado. Después se procedió a analizar 
el efecto de la dosis de adsorbente y se 
determinó que la dosis óptima del adsor-
bente era de 4 g/L. Así mismo, se estudió 
el efecto del tiempo de contacto a través 
de un estudio cinético, todos los ensayos 
se llevaron a cabo a un nivel de pH de 2. 
Los datos obtenidos fueron ajustados a 
modelos cinéticos, lo que permitió con-
cluir que la cinética de adsorción se ajus-
ta a dos modelos distintos dependiendo 
de las condiciones de la solución inicial, 
en un intervalo que va desde 0 hasta 
0,1512 mmol/L. Específicamente, el mo-
delo de pseudo segundo orden (PSO) se 
ajustó al colorante R40, mientras que el 
modelo de Elovich fue el adecuado para 
el colorante B1. En resumen, la CS fue 
viable como adsorbente para colorantes 
en aguas contaminadas.

Keywords: Allura Red; Brilliant blue; ad-
sorption; batch adsorption; cocoa shell.

Palabras clave: Rojo allura; azul brillante; 
adsorción; adsorción por lotes; cáscara 
de cacao.

Palavras-chave: vermelho allura; azul 
brilhante; adsorção; adsorção em lote; 
casca de cacau.
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Introduction
Artificial colorants are widely used in the food industry due to their 
high stability and low cost. However, their use is increasingly res-
tricted due to the potentially toxic effects they can have on human 
health [1]. Industrial wastewater is often discharged with treat-
ments that do not remove the colorants present in these matrices 
[2]. The concentration of colorants can reach up to 200 ppm, as 
approximately 15% of the utilized colorants are wasted [3].

Many studies have been conducted to evaluate the toxic effects of 
these colorants, with particular emphasis on Brilliant blue FCF (B1), 
Tartrazine and Allura Red (R40), which are among the most com-
mon ones. According to Oyewole and Oladele, prolonged exposu-
re to these colorants can lead to impairment of cardiac and renal 
functions and genetic modifications [4]. The main environmental 
impact, as stated by Lellis et al., is the inhibition of photosynthetic 
processes that occur on the underwater surface due to the disrup-
tion of normal light penetration [5].

Various research efforts have been made to mitigate the pollution 
caused by colorants, including technologies such as advanced oxida-
tive processes [6], microbiological degradation [7] and adsorption 
[8]. Significant progress has been achieved with these technologies. 
However, the costs and operational time remain a significant cha-
llenge that has yet to be overcome. Adsorption, despite being one 
of the more traditional methods, stands out as one of the most at-
tractive approaches, particularly when using bioadsorbents, which 
minimize operational costs and facilitate handling [9–11].

Bioadsorbents of agroindustrial origin have good chemical stabili-
ty and great adsorbent performance. It has generally been taken as 
waste from processes where it had not been taken advantage of and 
entailed a final disposal problem. Among the most used agroindus-
trial residues, with or without chemical treatment are rice husk and 
ash [12], corn cob [13], husk nuts [11], sugarcane bagasse ash [14], 
among others.

Cocoa shells (CS) show a good performance in the removal of con-
taminants, however, studies to remove dye mixtures are scarce. Due 
to its properties and massive generation, the use of the CS can con-
tribute as an interesting alternative to environmental management 
in the food industry [15].

According to Tkaczyk et al., contamination by dyes such as B1 ne-
gatively affects aquatic ecosystems [16]. This study focuses on 
assessing the adsorption efficiency of B1 and R40 dyes within CS, 
proposing it as an alternative for treating both agroindustrial was-
te and effluents. The primary objective is to mitigate dye-induced 
pollution in wastewater by presenting a sustainable and efficient 
solution for pollutant removal. The utilization of CS, as a natural 
and renewable material, underscores the study's commitment to 
providing an environmentally friendly alternative for the treatment 
of industrial wastewater.

Materials and methods
Preparation and characterization of the adsorbent and 
standard solutions
Waste CS were utilized, which had undergone pretreatment invol-
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ving a size reduction stage. Subsequently, particles ranging between 
0.595 to 0.841 mm in size were carefully selected. The chosen 
material was thoroughly washed with distilled water to elimina-
te impurities, starches, and natural colors. Finally, it was dried for 
24  h at a temperature of 80 °C and stored in plastic bags to prevent 
moisture absorption. The moisture content at the end of the drying 
process was measured to be 6.5%.

The reagents B1 and R40 were obtained from Sigma Aldrich. Di-
fferent synthetic solutions for B1 and R40 were prepared daily, as 
explained in table 1 and stored in amber flasks. Quantification was 
performed using a Thermo Scientific 60S Evolution UV/VIS spectro-
photometer at λmax of 502 nm for R40 and 629 nm for B1, using a 
calibration curve in a linear concentration range from 5 to 30 ppm 
for B1 and from 10 to 80 ppm for R40.

The concentrations of the dyes were quantified at the beginning and 
end of the adsorption experiment, using a Thermo Scientific 60 S 
Evolution UV/VIS spectrophotometer at λmax of 592 nm, by means 
of a calibration curve in a linear concentration range between 20 
and 140 mg/L of standard B1.

Point of zero charge
The pH at which the surface charge of the materials becomes neu-
tral and reaches equilibrium is known as the point of zero charge 
denoted as pHzc [17]. To determine the pHzc of the adsorbent, 
the methodology described by Villa was followed [18]. A volume 
of 50 mL of distilled water was measured and placed into 100 mL 
Erlenmeyer flasks. Subsequently, the pH of each solution was adjus-
ted within a range between 2, 4, 6, 8, and 10 units by adding either 
0.1 M HCl or 0.1 M NaOH. Then, 0.5 g of the adsorbent material 
sample was introduced into each of these solutions and covered 
with aluminum foil. Following a 48 h period, during which the so-
lutions were continuously agitated at room temperature, the solu-
tions underwent filtration, and the final pH values of the filtrates 
were reevaluated. The disparity between the initial pH values and 
the final pH values was plotted against the initial pH values. The 
point of intersection of the resulting curve with the x-axis, where 
this disparity equates to zero, unequivocally denotes the point of 
zero charge [19].

Adsorption assays
The dose of the adsorbent and the contact time were evaluated 
through the kinetic study. All the experiments were carried out in 
250 mL Erlenmeyer flasks, where 100 mL of B1 and R40 dye solu-
tions were placed. Aluminum foil covers were used over the flasks 
to prevent photodegradation. To improve the solution's contact 
with the adsorbent, an orbital shaker (Thermo Scientific) was used 
at a speed of 300 rpm as Andrade et al. reported [9].

All assays were carried out in triplicate at room temperature (25 °C), 
and pH 2, due to there are many studies reporting this pH as opti-
mal for achieving the maximum percentage of removal [20, 21]. The 
dose of the adsorbent was evaluated using a solution with an initial 
concentration of 0.1512 mmol/L for both dyes. Different doses of 
CS from 0.2 to 2.0 g at 0.2 g intervals were tested over 24 h. The 
temperature for all tests was set at 298 K. For the investigation of 
contact time, seven mixture solutions with varying concentrations 

Initial colorants concentrations in each mixture (mmol/L)

Colorants M1 M2 M3 M4 M5 M6 M7

R40 0.1512 0.1422 0.0708 0.1427 0 0.0690 0

B1 0.1514 0.0745 0.1455 0 0.1549 0 0.0748

Table 1. Composition of mixtures for adsorption assays.
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were used for each dye: mixture one (M1), mixture two (M2), mix-
ture three (M3), mixture four (M4), mixture five (M5), mixture six 
(M6) and mixture seven (M7), as shown in table 1.

To determine the best contact time, capacity, and percentage remo-
val, Eq. (1) and Eq. (2) were used.

(1)

(2)

Where, Qe (𝑚𝑚𝑜𝑙/𝑔) is the adsorption capacity, 𝐶0 (𝑚𝑚𝑜𝑙/𝐿) is 

the initial concentration of adsorbate, 𝐶𝑡 (𝑚𝑚𝑜𝑙/𝐿) is the concen-
tration of the adsorbate at time 𝑡 (𝑚𝑖𝑛), 𝑉 (𝑚𝐿) is the volume of the 
solution, and 𝑤 (𝑔) is the mass of the adsorbent. 𝑅 is the percentage 
removal.

Kinetic study
Kinetic assays were conducted under the previously established 
conditions, including a solution volume of 50 mL, 4 g/L of adsor-
bent, and concentrations ranging from 0 to 0.01512 mmol/L, with 
contact times from 1 to 360 min (1, 5, 10, 15, 20, 30, 45, 60, 90, 
120, 180, 240, 300, 360 min). The data obtained was fitted to non-
linear mathematical models using R Software. The kinetic models 
are presented in table 2.

Models Equation Adjustment parameter

Pseudo 
First-Order 

(PPO)

Qe: maximun adsorption 
capacity

k1: First-Order adsorption 
rate constant

Pseudo 
Second-Order 

(PSO)

Qe: maximun adsorption 
capacity

k2: Second-Order adsorp-
tion rate constant

Elovich
α: chemisorption rate 

constant
β: surface coverage extent

Bangham

kr: Bangham adsorption 
rate constant

1/m: adsorption density 
intensity

Intraparticle 
diffusion 

(ID)

kid: intraparticle diffusion 
rate constant

C: diffusion constant

Table 2. Nonlinear kinetic models.

Results and Discussion
Adsorbent Dose Effect
There is a direct relationship between the amount of adsorbent and 
the removal of both dyes (figure 1). As there is a higher dose of 
adsorbent, the number of active sites increases, therefore there are 
more spaces where these molecules can be retained [22].

This effect occurs similarly for both dyes since they are at the same 
concentration. It is notorious that B1 adsorbs more than R40, which 
can be attributed to the distinct chemical structures of both dyes. 
B1 possesses three sulfonate groups, a charged nitrogen and a ni-
trogen with a lone pair of electrons. These functional groups are 
prone to experiencing stronger intermolecular interactions with the 
adsorbent [23, 24].

Figure 1. Adsorbent dosage effect on R40 and B1 adsorption onto cocoa shells.

In contrast, the R40 molecule features two sulfonate groups, and 
its nitrogens are part of an azo compound. These groups exhibit 
greater steric hindrance due to the aromatic rings, thereby impe-
ding a strong interaction with the functional groups of the adsor-
bent [25‑27]. The %R increased faster until the dose of 4 g/L, then 
variation was minimal and almost constant, for this reason, it was 
established as a dose of adsorbent.

Material characterization
Fourier-transform infrared (FT-IR) spectroscopy was employed to 
identify potential functional groups responsible for adsorption. As 
a result, a broad signal in the range of 3200 to 3600 cm-1 was ob-
served (figure 2A), corresponding to hydrogen bonding interactions 
in –OH groups. Additionally, the presence of aliphatic C–H bonds 
was evidenced by the signal at 2918 cm-1. Vibrations of aromatic 
ring C=C bonds were observed at 1601 cm-1. Furthermore, signals 
recorded at 1024 cm-1 correspond to angular deformations in the 
C–O bond. Taken together, these findings lead to the conclusion 
that the material possesses phenolic groups, which are responsible 
for the adsorption processes.

Point of zero charge
The obtained values are presented in figure 2B. The calculated pHzc 
value was 7.5, this value indicates a state of charge equilibrium on 
the adsorbent material, whereby pH levels above 7.5 result in a ne-
gatively charged surface, while pH levels below 7.5 lead to a posi-
tively charged surface. Notably, at pH 2.0, B1 exhibits a negative 
charge in its sulfonate group, whereas R40 does not possess any 
negative charges. This observation allows us to deduce that B1 is 
adsorbed in larger quantities than R40.

Effect of contact time
The concentration decreased rapidly during the first few minutes, 
reaching equilibrium at 120 min for M1-R40, M1-B1, M2-R40, 
M2‑B1, M3-R40, M3-B1 (figure 3) and for M4-R40, M5-B1, M6-
R40, M7-B1 (figure 4). In the case of M5-B1, equilibrium was rea-
ched at 150 min (figure 4B).

In the case of M1 (figures 3A and 3B), the concentrations of R40 and 
B1 were equal (0.1512 mmol/L), resulting in an equal distribution 
of active sites and similar maximum adsorption values (0.01248 
and 0.01280 mmol/g). Both dyes showed an affinity for the adsor-
bent; however, B1 exhibited a superior adsorption capacity.

For M2 (figures 3C and 3D), the concentrations used were 0.1512 
and 0.0746 mmol/L for R40 and B1, respectively. In this case, the 
adsorption capacity was higher for the component with a higher ini-
tial solution concentration (R40, 0.01469 mmol/g > B1, 0.00773 
mmol/g). This can be attributed to the fact that a higher number 
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Figure 2. A: FTIR spectra of cocoa shells and B: point of zero charge of cocoa shells (pH at surface charge neutrality).

Figure 3. Kinetic models fitted to experimental data: Pseudo First-Order (PPO) –––––––– Pseudo Second-Order (PSO) –––––––– Elovich –––––––– Bangham ––––––––
M: mixtures, R40: Allura Red, B1: Brilliant blue. A: M1-R40; B: M1-B1; C: M2-R40; D: M2-B1; E: M3-R40; and F: M3-B1.

14



Adsorption of Brilliant blue FCF (B1) and Allura Red (R40) colorants on cocoa shell: kinetics of the process

Rev. Colomb. Quim., vol. 52, no. 2, pp. 11–19, 2023

of molecules leads to stronger interactions between the adsorbate 
and adsorbent.

The same effect is observed in M3 (figures 3E and 3F), where the ad-
sorption capacity was higher for B1 (0.01429 mmol/g) compared to 
R40 (0.00635 mmol/g). This is because B1 concentration (0.1512 
mmol/L) in M3 was higher than R40 (0.0746 mmol/L).

In assays M4 (figure 4A) and M6 (figure 4C), where only the R40 dye 
was used at concentrations of 0.1427 mmol/L and 0.690 mmol/L, 
respectively, the reported adsorption capacity is not significantly di-
fferent from that shown in trials M2 (figure 3C) and M3 (figure 3E), 
despite the latter two being in competition with B1. This demons-
trates that the adsorption capacity of R40 is not strongly influenced 
or compromised when combined with B1.

Finally, in assays M5 (figure 4B) and M7 (figure 4D) concentrations 
of B1 dye at 0.1549 mmol/L and 0.0748 mmol/L were used, respec-
tively, which are similar to those employed in trials M2 (figure 3D) 
and M3 (figure 3F). In these trials, a higher adsorption capacity was 
evidenced. This improvement in adsorption capacity is attributed to 
the presence of a single dye in each trial, which avoids competition 
for active sites on the adsorbent, allowing for greater efficiency in 
the adsorption process.

In figure 5 it can be observed that B1 consistently shows higher 
adsorption capacity than R40 in all cases. Assay M7 shown a higher 
dye removal for B1, assay M6 had a better dye removal for R40, and 
the assay M2 shown a better dye removal when dyes were mixed.

Kinetic study
The fitting parameters of the Pseudo First-Order (PPO), Pseudo Se-

Figure 4. Kinetic models fitted to experimental data: Pseudo First-Order (PPO) –––––––– Pseudo Second-Order (PSO) –––––––– Elovich –––––––– Bangham ––––––––
M: mixtures, R40: Allura Red, B1: Brilliant blue. A: M1-R40; B: M1-B1; C: M2-R40; D: M2-B1; E: M3-R40; and F: M3-B1.

Figure 5. Comparative boxplot assays dyes removal (%).

cond-Order (PSO), Elovich, and Bangham and Intraparticle Difus-
sion (ID) kinetic models used are shown in table 3, table 4, figure 
3, figure 4, figure 6 and figure 7. The goodness of fit was evaluated 
using the Residual Standard Error (RSE) and the model with the 
lowest RSE indicates the best fit.

The experimental data did not fit the PPO or Bangham models, as 
the calculated values had higher errors (table 3). The intraparticle 
diffusion model was applied to gain a deeper insight into the ad-
sorption mechanism. A proper fit of this model indicates the predo-
minant adsorption mechanism.
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M1 M2 M3 M4 M5 M6 M7

R40 B1 R40 B1 R40 B1 R40 B1 R40 B1

Qe,exp (mmol/g) 0.0125 0.0128 0.0147 0.0077 0.0064 0.0143 0.0141 0.0154 0.0069 0.0084

PPO

Qe,cal (mmol/g1) 0.0113 0.0124 0.0136 0.007 0.0061 0.0133 0.0134 0.0142 0.0068 0.0081

K1 (min−1) 0.0535 0.0247 0.0933 0.0639 0.0572 0.0415 0.0719 0.0312 0.1314 0.0433

R2 0.9034 0.9703 0.9654 0.9466 0.9819 0.9657 0.9692 0.9527 0.9536 0.9728

χ2 1.54×10−6 6.25×10−7 8.78×10−7 3.68×10−7 9.66×10−8 8.87×10−7 6.88×10−7 1.29×10−6 2.39×10−7 2.40×10−7

PSO

Qe,cal (mmol/g) 0.0126 0.0148 0.0149 0.0078 0.0068 0.0152 0.0146 0.0162 0.0072 0.009

K2 (g/mmol.min) 5.786 1.878 9.168 11.126 11.165 3.342 7.349 2.406 33.17 6.481

R2 0.9537 0.9852 0.9941 0.986 0.9955 0.9901 0.9883 0.985 0.987 0.9897

χ2 7.39×10−7 3.12×10−7 1.50×10−7 9.63×10−8 2.42 × 10−8 2.57 × 10−7 2.60×10−7 4.09×10−7 6.72×10−8 9.06×10−8

Elovich

α (g/mmol.min) 0.003 0.0007 0.0073 0.0019 0.0013 0.0016 0.0073 0.0013 0.0198 0.0014

β (g/mmol) 454.8 287 413.6 713.4 789.3 316.3 450 302.4 1128.4 610.7

R2 0.9869 0.9902 0.9718 0.9917 0.9745 0.9889 0.9684 0.9968 0.9466 0.9805

χ2 2.09×10−7 2.06×10−7 7.17×10−7 5.71×10−8 1.36×10−7 2.87×10−7 7.05×10−7 8.66×10−8 3.30×10−6 1.72×10−7

Bangham

Kr (g mmol/ g.min) 0.0032 0.0017 0.0051 0.0021 0.0017 0.3156 0.005 0.0028 0.0035 0.0021

Α (g/mmolmin) 0.2597 0.3868 0.2131 0.2553 0.266 0.0028 0.2024 0.3155 0.1431 0.266

R2 0.9852 0.9746 0.9203 0.9553 0.9236 0.9546 0.9283 0.9815 0.9066 0.9431

χ2 2.36×10−7 5.35×10−7 2.02×10−6 3.08×10−7 4.08×10−7 1.18×10−6 1.60×10−6 5.07×10−7 4.81×10−7 5.01×10−7

Table 3. Kinetic constants of R40 and B1 dye adsorption on cocoa shells.

PPO: Pseudo First-Order
PSO: Pseudo Second-Order

Qe,exp: maximum adsorption capacity
Qe,cal: maximum adsorption capacity

K1: First-Order adsorption rate constant
K2: Second-Order adsorption rate constant

α: chemisorption rate constant
β: surface coverage extent

Kr: Bangham adsorption rate constant
Α: adsorption density intensity
R2: coefficient of determination

χ2: Chi square

The graphical representation of the model Weber-Morris in func-
tion of time (t) (Qt vs. t0.5) displays three regions with linear re-
lationships (figure 6 and figure 7). This suggests that when some 
stages intersect at the origin, the process is solely governed by 
intraparticle diffusion. However, if the experimental data exhibits 
multilinearity, it indicates that the adsorption process may be con-
trolled by multiple steps or a combination of them. Nevertheless, in 
our study, none of the three stages passes through the origin. This 
finding is crucial as it suggests that intraparticle diffusion does not 
serve as the limiting stage in the adsorption process.

The kinetic data for R40 had a better fit to the PSO model, while B1 
showed a better fit to the Elovich model. This means that both dyes 
are adsorbed differently, and it could partially explain the higher 
affinity of B1 for the adsorbent. However, the type of adsorption 
varies depending on the initial concentrations of each dye.

On the one hand, the fact that the kinetics fit the PSO model indica-
tes that at pH 2, in R40, there are no charges present, and adsorp-
tion occurs through electrons donated by nitrogen atoms. On the 
other hand, in B1, there are formal charges on the sulfonate group 
that can exhibit a strong electrostatic attraction with the material. 

If it fits the Elovich model, it indicates that the process involves 
chemisorption and depends on the bonds formed between the ad-
sorbate and the adsorbent. Both models are related to the type of 
adsorption occurring in the process, which explains why the kinetic 
data fit differently when the initial concentrations of the dyes are 
changed.

Furthermore, the Elovich model is related to the heterogeneity and 
activation energy of the CS surface. The parameter β, which is re-
lated to the extent of surface coverage and activation energy [9], 
showed an inverse relationship with the initial concentration of B1 
in the presence of higher concentrations of R40. Thus, the presence 
of a higher proportion of R40 saturates the active sites of the ad-
sorbent, preventing the accommodation of B1 molecules present in 
lower amounts. This explains why the adsorption capacity is higher 
for the dye with a higher concentration.

The parameter α is related to the adsorption rate and is therefore 
related to the K2 constant of the PSO model. Observing its values 
(table 4), it can be seen that they have a direct relationship with 
the initial concentrations of the dyes. Additionally, these values in-
crease even more when the dye of interest is present at a higher 
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Figure 6. Weber-Morris intraparticle diffusion model adjusted to experimental data. M: mixtures, R40: Allura Red, B1: Brilliant blue. A: M1-R40; B: M1-B1; C: M2-R40; D: M2-B1; 
E: M3-R40; and F: M3-B1.

M1 M2 M3 M4 M5 M6 M7

R40 B1 R40 B1 R40 B1 R40 B1 R40 B1

Stage 1 

Kid (mmol/g.min0.5) 0.00179 0.00109 0.00313 0.00137 0.00082 0.00124 0.00216 0.00160 0.00136 0.00101

C (mmol/g) 0.00039 0.00016 -0.00064 -0.00026 -0.00014 -0.00015 0.00034 0.00005 0.00040 0.00007

R2 0.91472 0.99357 0.92499 0.93408 0.94341 0.97314 0.99069 0.99930 0.96632 0.97781

Stage 2 

Kid  (mmol/g.min0.5) 0.00073 0.00000 0.00093 0.00043 0.00045 0.00091 0.00081 0.00085 0.00023 0.00047

C (mmol/g) 0.00381 0.01280 0.00615 0.00279 0.00195 0.00361 0.00652 0.00392 0.00504 0.00324

R2 0.95329 1.00000 0.94986 0.96825 0.92214 0.97851 0.99365 0.99555 0.89229 0.93245

Stage 3 

Kid  (mmol/g.min0.5) 0.00017 0.00000 0.00018 0.00000 0.00003 -0.00001 0.00009 0.00022 -0.00005 0.00006

C (mmol/g) 0.0102 0.00000 0.01212 0.00771 0.00045 0.01443 0.01257 0.01168 0.00782 0.00736

R2 0.79127 0.00000 0.86688 1.00000 0.77771 1.00000 0.70422 0.97596 0.86903 0.85109

Table 4. Kinetic constants for Weber-Morris Intraparticle Diffusion model in R40 and B1 dye adsorption on cocoa shells.

Kid: intraparticle diffusion rate constant
 C: diffusion constant

R2: coefficient of determination

concentration and with the presence (low concentration) of the 
other dye. Despite the equal distribution of active sites for both 
dyes, the adsorption process occurs competitively. The results ob-
tained indicate that the presence of aliphatic or aromatic OH groups 
is responsible for the adsorption process. The B1 molecule, which 

carries a positive charge at the tested pH levels, is favored in the ex-
periments. This preference is attributed to the interaction between 
the unshared electron pairs of oxygen and the positively charged 
regions in the dye’s structure.
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Conclusions
It was determined that the adsorption behavior of both dyes was 
influenced by their concentration. The well-fitting kinetic data with 
the PSO and Elovich models suggests that the adsorption process 
occurs through chemical mechanisms. This highlights the crucial 
influence of each dye’s chemical structure on its adsorption capa-
city and affinity. Notably, B1 showed higher adsorption than R40 at 
the same concentration, attributed to distinct chemical structures. 
Both dyes exhibited similar adsorption behavior when their initial 
concentrations were equal, indicating that the process occurs equa-
lly for both. Despite this similarity, remarkably high percentages of 
adsorption were achieved for the dye mixture.

This study showed that the adsorption capacity of dyes is usually 
higher in single-component systems compared to two-component 
systems. This is due to the different affinities presented by the dyes 
with the adsorbent, resulting in competition between them and 
affecting the efficiency of removal. Furthermore, it is observed that 
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removal in two-component systems is influenced by the individual 
percentages of the dyes in the mixtures to be treated. However, in 
this study and under the specific experimental conditions emplo-
yed, it was observed that the differences in removal percentages 
between single-component and two-component systems were not 
as pronounced as anticipated.
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