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Removal of a food dye on two solid supports by adsorption
Remog¢ao de um corante alimentar em dois suportes sélidos por adsorgao

Abderezak Guemache® (©, Fares Kakoul'
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RESUMO

Activated carbon and natural clay are extremely promising for
the removal of dyes in a water solution. Natural clay and activated
carbon were characterized using X-ray diffraction (XRD) and Fourier-
transform infrared spectroscopy (FTIR) techniques, and the food dye
was characterized by UV-Visible. The effects of various experimental
parameters, such as initial carmine concentration, contact time,
temperature and pH were studied. The removal of the dye increases
with the decrease in the initial concentration of carmine and the
contact time of the solution. The percentage of carmine removal
increases accordingly, reaching 97% for activated carbon and 67%
for natural clay. Langmuir and Freundlich adsorption models were
used for the adsorption equilibrium descriptions. The data was very
well corrected with these models. Monolayer adsorption capacities
were equal to 31 mgg™ at pH 8.0 and 27°C. Adsorption measurements
show that the adsorption process is very fast and physical in nature.
Thermodynamic parameters such as enthalpy AH°, AS°® entropy
and AG° free enthalpy were also evaluated to reveal the nature of
adsorption. The results explain that the adsorption process is an
exothermic, spontaneous physisorption.

Keywords: carmine; removal; activated carbon; clay natural; XRD; FTIR;
adsorption isotherm, thermodynamic parameters.

O carvdo ativado e a argila natural sdo excepcionalmente promissores
para a remogao de corantes em solugdo em agua.Argila natural e carvdo
ativado foram caracterizados utilizando técnicas de difragdo de raios X
DRX e espectrofotometria FTIR (Fourier-transform infrared), o corante
alimentar foi caracterizado por UV-Visivel.Foram estudados os efeitos de
varios parametros experimentais, como concentragdo inicial de carmim,
tempo de contato, temperatura e pH.A remogdo do corante aumenta
com a diminuigdo da concentragdo inicial de carmim e do tempo de
contato da solugdo.A porcentagem de remogdo de carmim aumenta
proporcionalmente, chegando a 97% para o carvdo ativado e 67% para
a argila natural.Os modelos de adsor¢do de Langmuir e Freundlich
foram utilizados para as descrigGes do equilibrio de adsor¢do.0Os dados
foram muito bem corrigidos com esses modelos.As capacidades de
adsor¢do em monocamada foram iguais a 31 mgg™* em pH 8,0 e 27°C.
Medi¢Ges de adsor¢do mostram que o processo de adsor¢do é muito
rapido e de natureza fisica.Parametros termodindmicos como entalpia
AH°, entropia AS® e entalpia livre AG® também foram avaliados para
revelar a natureza da adsor¢do.Os resultados explicam que o processo
de adsorgdo é uma fisissor¢do exotérmica e espontanea.

Palavras-chave: carmim; remocgao; carvao ativado; argila natural; XRD;
FTIR; isotermia de adsorg¢do; parametros termodinamicos.
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Introduction

Water is the source of life on Earth, and it is not possible to imagine
the existence of life without water, and all our activities, our industries
and our food depend entirely on its availability. But due to the great
expansion of the industrial activities that the world is facing today and
the various pollutants resulting from it, obtaining clean water has be-
come extremely difficult, on the one hand. On the other, environmen-
tal degradation caused by polluted water has become a real problem
that cannot be ignored.

Dyes are classified into three main classes: 1. anionic: direct dyes,
acids and reagents, 2. cationic: all base dyes, and 3.non-ionic dyes:
disperse dyes. Carmine dyes are used in food additives under number
E120 to give a red color (Silva et al., 2021). Removal of effluent color
is one of the most difficult of the requirements of textile finishing, dye
manufacturing, and pulp and paper industries. These industries are
water consumers and therefore cause water pollution. Most of these
dyes are harmful when they have contact with living tissues for a long
time (Purkait et al., 2007).

Dyes are one of the most common water pollutants, as textile dyes
alone account for 17 to 20% of industrial pollutants (Miiller-Maatsch,
2016). Of course, dyes are not only used in the textile industry, but also
in almost all industries, from paper and plastic manufacturing to the
food that we eat, and all of them are not without color (Coultate and
Blackburn, 2018). So the pollution caused by it will be in huge quan-
tities, but the problem does not lie in the quantities, but in the effects
resulting from that. Due to the presence of toxic chemicals used in the
manufacture of dyes, exposure to these substances has devastating ef-
fects on living organisms and human health, in addition to distorting
the landscape (Dione et al., 2018).

Since pigments have a high ability to dissolve in water, adsorption
is considered one of the most common and effective methods of treat-
ing the resulting pollution, and many adsorbent materials are used for
this purpose, especially activated carbon because of its properties (Otto
etal., 2021), in addition to the use of clay, as it is one of the most abun-
dant and cheapest materials (Dhar et al., 2023), and it impacted the
ecological balance. Therefore, treating pollution with dyes is essential
and extremely important, and there are several ways to do this, includ-
ing filtration and sedimentation processes, ion exchange, adsorption,
aerobic and anaerobic treatment, and other physical and chemical
methods (Saravanan et al., 2021).

The competitiveness of an adsorbent can be studied by analyzing
isotherms adsorption data, which can be obtained by a series of ex-
perimental laboratory tests (Das and Mondal, 2011). The modelling of
isotherms adsorption data is an indispensable means to calculate and
compare adsorption performance, which is essential for the optimiza-
tion of adsorption pathways of mechanisms, expression of adsorbent
capabilities and effective adsorption design systems (Ki, 2023).

The most important properties include the maximum adsorption

capacity (q, ), which can be found by adsorption kinetics. The adsorp-
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tion kinetics can be exploited to evaluate the solute absorption rate,
used to verify the equilibrium time, as well as to unveil the time re-
quired for the adsorbent and adsorbent interaction to be preserved.
Kinetic parameters are important because they are used as a means of
estimating the size and transfer rate of industrial equipment adsorp-
tion systems (Farias et al., 2022).

Carmine is the hydrated aluminum chelate of carminic acid (EC,
2018). It is commonly obtained by precipitating carminic acid in alu-
minum hydroxide in the form of aluminum or aluminum-calcium salt
(Lim et al., 2014). Because of this, carmines are carminic acid alumi-
num lakes in which aluminum and carminic acid are believed to be
disclosed in the molar ratio 1:2 (EC, 2018), stable at all pH values above
3.5, approximately, as well as heat, light and oxygen.

In this note we will study the adsorption of carmine dye on the
surface of two different materials: activated carbon and clay, where we
will observe how the adsorption process is affected by changing the dye
concentration, the mass of the adsorbents, the temperature, and the pH

and contact time.

Experimental process

Carmine is a bright red pigment that can be obtained from car-
minic acid, which is produced by some scale insects, such as cochi-
neal. Carmine pigment is used in the manufacture of food colorings,
medicines and cosmetics (Feketea and Tsabouri, 2017). Eleven ad-
sorption treatments were performed, based on the adsorption meth-
odologies used by several authors (Wang et al., 2011; Auta and Ha-
meed, 2014).

The adsorbate used was carmine dye in solution with an initial con-
centration of 2,510 molL* and molar mass of 492.38 g moL™. In this
work, the experimental methodology for the study of the adsorption of
carmine dye on activated carbon and clay will be explained, and we will
present the tools, devices and materials necessary to conduct this study,
in addition to explaining how to collect and analyze samples. The effect
of changes in concentration, temperature and pH will also be studied,
and its effect on adsorption capacity, as well as all the results obtained,

will be shown.
Materials

Dye used

A carmine (Neutral dye) (Figure 1), Carmine is a bright red
pigment that can be obtained from carminic acid, which is pro-
duced by some scale insects such as cochineal. Carmine pigment
is used in the manufacture of food colorings, medicines and cos-
metics, and many other uses. A stock solution of carmine dye at a
concentration of 2,510 molL! was prepared by dissolving 625 mg
dye powder in 500 mL of bi-distilled water, and then daughter
solutions were placed in 5mL test tubes at a mass concentration of
62 mg to 625 mgL.
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Figure 1 - Chemical structure of carmine.

Method of analysis

At the end of each adsorption experiment, the adsorbent was re-
moved by Biichner filtration. Then the filtrate obtained was analyzed
by UV-visible spectrophotometry by monitoring the changes in absor-
bance at A max=493 nm for carmine. The amount adsorbed is calculat-
ed using the following formula: The amount of carmine adsorbed on
clay and activated carbon, Q (mg L"), was evaluated using the follow-
ing Equation 1:
Qe = (Co—Ce) *xV/M (1)
Where:
C,and C, (mg L") referred to the initial value and the equilibrium con-
centration of carmine, respectively;
V (L) is the volume of the carmine solution;

M (g) is the mass of the Clay and activated carbon.

The adsorption (percentage) with the Ci and Ce was calculated ac-
cording to the following Equation 2:

_(Ci-Ce)

%T 100 (2)

Characterization techniques

Adsorbent used

The physical-chemical characteristics of the materials were de-
termined using standard procedures (Singh et al., 2017). The appli-
cation of natural and abundant adsorbents, such as raw clay and acti-
vated charcoal for water treatment, is an authorized route to protect
the water capital. Several techniques were used. The resulting phase
analysis was performed by recording the X-ray diffracts of grams of
powder through a Xpert Pro (Panalytical) diffract meter using the
CuKa radiation of copper (A=1.5418A) and infrared spectroscopy.
The raw clay, dried at 100°C/24h, was analyzed by infrared Fourier
transform spectroscopy on a SHIMADZU FTIR-8000 spectrometer.
The two solids were prepared as a solid mixture (KBr mixture) and
analyzed by absorption.

Results and Discussion
Material chemical analysis

X-ray diffraction (XRD)

The spectrum presented in Figure 2 makes it possible to identify
the structure. Figure 2 shows the diffractogram of the raw clay. Ac-
cording to the XRD diagram obtained, the clay has a mineralogical
composition and inter-layer distances practically identical to bentonite
(Boukhemkhem, Pizarro and Molina, 2020).

The preparation of the natural clay was also undertaken through
the procedure described by Kaya and Yukselen (2005), and Liu et al.
(2008) (Table 1).

From Figure 2 we can see: the natural clay is characterized by four
peaks. The first is located at 15.037A (001) and the other three are at
4.479A (110), 2.567A (200) and 1.498A (001). This diffracts gram shows
that the non-clay minerals present in varying amounts from one sample
to another are mainly quartz with characteristic reflections at d001=3.35A
and 4.284, calcite (d001=3.21A), and feldspars (d001=4.06A) (Zhu et al.,
2007). We also observe in the same Figure 2, the XRD diffractogram of
the activated carbon, the presence of a large peak (20=32°) indicating an

amorphous structure (Senthilkumar et al., 2011).
FTIR Analysis

Spectra for natural clay

The FTIR tests confirmed that the analyzed materials have a crystal-
line structure. The spectra obtained are illustrated by Figure 3. We note:
the band that spans between 1600-1700 cm™ may be attributed to the va-
lence vibrations of the OH group of the constituent water, in addition to
the binding vibrations of the adsorbed water located at 1631 cm™. An ab-
sorption band center on 3624 cm™ is due to the valence vibrations of the
OH groups bound to the octahedral Al cations (Al-OH-Al) (El Kassimi
et al, 2021). The Si-O bond is characterized by the intense band located
between 900-1200 cm™ and center around 1008.9 cm™ corresponds to
the valence vibrations of the Si-O bond (Adel, Ahmed and Mohamed,
2021). The bands at 768 cm™ and 411-500 cm™ are assigned to Si-O-Al
and Si-O-Mg, Si-O-Fe and bending vibrations, respectively.

The bands are between 800 and 1008 cm™, coming from the Si-
O-Al bond. Another characteristic band for bending vibrations of ad-
sorbed water usually appears at 1600-1631 cm™ as a medium band.

Spectra for carmine

In the FTIR spectroscopic analysis of carmine (Figure 4),abroad band
appeared at 3400 cm™ representing the OH group. The peak observed at
1697 cm™ was assigned to a ketonic bond (C=0). The peak observed at
2931 cm™ was assigned to stretching of CH bond. The peak observed at
1639 cm™ was assigned to a carbon-carbon double bond (C=C). The band

observedat 1615-1410cm ™ wasassigned to thevibration ofaromaticrings.
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Figure 2 - Diffractogram of natural clay and activated carbon.

Table 1 - Chemical composition of natural clay.

Sio, 54.92
ALO, 16.92
Fe,0, 1.95
MnO 0.02
MgO 429
Ca0 0.71
Na,0 123
K,0 0.73
TiO, 0.05
PO 0.13

275

The band observed at 1350-400 cm™! was an infrared fingerprint region
in which the peaks indicated a stretching vibration of single degree of

freedom vibration.

Plotting the calibration curve (UV-Visible)
Solutions with different concentrations (0.5-5 mgL"') were pre-

pared from the standard stock solution. Using a spectrophotome-

450

ter, the absorbance of the primary dye solution was measured, and
the maximum wavelength was obtained, Amax=493 nm (Figure 5).
Then we measured the absorbance of the dilute standard solutions at
the previous wavelength to obtain the calibration curve (Latif, Abdul-
lah and Saleem, 2016).

Initial concentration effect

To do this, we put a fixed mass of activated carbon, m=100 mg,
in each of the standard solutions of the dye with different initial
concentrations (625, 312, 62 mg) and a volume of 5 mL at a constant
pH and temperature, and after the end of the experiment the sam-
ples are placed in a centrifuge for 5 minutes at 2500 rpm. Then we
filter the solutions and measure the absorption ratio with a spec-
trophotometer and calculate the adsorption ratio after that, and the
same previous steps for the bentonite clay. The following Figure 6
shows the results:

Where we note that the higher the initial concentration, the
greater the adsorption capacity to reach a maximum value at the
highest concentration (30 mgg™’ for activated carbon and 10 mgg?
for clay, at a concentration of 623 mgL"). We can also note the dif-
ference in the adsorption capacity between activated carbon and

bentonite clay as it is greater in the first as compared to the second.
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Figure 3 - FTIR spectra for natural clay.

1207 1.4 4 493 nm

100 19
¥ 80- . 19
§ e 0.8 -
c 60- 3
E S 06
£ 2 Yo7
& 404 <
° 0.4
'_

20' 02 -

0} T T T T 1 0 T T T |
0 1000 2000 3000 4000 5000 0 200 400 600 800

Wevenumber (cm) Wevelength (nm)

Figure 4 - FTIR spectra for carmine. Figure 5 - Absorbance and calibration curves of carmine.
This result is due to the fact that the large concentration of the dye in surface, unlike low concentrations. In addition, the large adsorption
the solution necessarily means a larger number of molecules, which capacity of activated carbon compared to clay is due to its large surface
will increase the number of collisions between it and the surface of area, which can absorb more pollutant particles than clay (El Maataoui
the adsorbent material, and thus enhance the chance of bonding to its etal., 2019).
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The effect of contact time

To measure the effect of contact time, we prepared the solu-
tions in the same way as before, where we put a fixed mass of
activated carbon, m=100 mg, with different concentrations of dye,
pH value and constant temperature, and we measured the results
during different time periods (2, 4, 6, 8, 24 h), where the lowest
concentration corresponds to the lowest period of time, and the
same for clay. After placing the samples in a centrifuge, filtering
them and measuring the absorbance, we obtained the results rep-
resented in Figure 7.

As the contact time increases, the adsorption capacity increases,
and we also notice a similarity in the adsorption capacity between
activated carbon and bentonite clay in the range of low dye concen-
trations, but soon the contrast appears between them in the range of
large concentrations and the longer contact time. This is due to the
fact that the adsorption process does not occur immediately, since
in porous materials adsorption occurs first on the available sites on
the outer surface, and then on the surface of the inner pores, which
takes a longer time (Joseph et al., 2010).

35+ Activated carbon Clay

30 124

254 104

20 84

154 6

10 4

54 24

0 | 1 0 | | T |
0 500 1000 O 200 400 600 800

CO (mg/1) CO (mg/1)

Figure 6 - Initial concentration effect.
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Figure 7 - Effect of contact time.

The effect of changing the pH

To do this, we put a fixed mass of activated carbon, m=0.025 g, in
5 mL of the dye solution at a constant concentration of 155 mgL™, at
a constant time and temperature, and at different pH values (4, 6, 10),
and in the same way for the clay. After placing the samples in a centri-
fuge, filtering them and measuring the absorbance, we obtained the
results represented in Figure 8.

As for clay, we can observe an increase in the adsorption capacity, with
a raise in the pH value in the range [4,6], which then tends to settle at a
value close to mgg™ in the moderate and basic range. When it comes to ac-
tivated carbon, the adsorption capacity appears to be more stable with the
change in pH, as the value of the adsorption capacity in the acidic, moder-
ate and basic ranges is close to 30 mgg, with a slight increase in the acidic
range. In addition, there is a discrepancy in the adsorption capacity be-
tween carbon activated and bentonite clay and that are in the acidic range
where they are greater in carbon compared to clay (Cuba et al., 2020).

The reason for the weak adsorption capacity in the acidic field is the
presence of hydrogen ions H* of a large amount that competes with the
dye molecules for adsorption sites (Mittal, Al Alili and Alhassan, 2020).
In addition, clay is more affected by these ions due to the properties
of clay, that differs from activated carbon in terms of the nature of the
charges on its surface (Adeyemo, Adeoye and Bello, 2017). We note the
absence of this effect when there are no hydrogen ions in the moderate

and basic range, where the adsorption capacity is large and more stable.

The effect of changing the temperature

To measure the effect of temperature on the adsorption process, we
prepared standard solutions with a volume of 5 mL and with different
concentrations, and put a different mass for each solution, where the
lowest mass of carbon corresponds to the lowest concentration of the
dye solution. We put the previous solutions at different temperatures
(25, 30, 35, 40, 45 degrees), where the lowest temperature corresponds

to the lowest concentration, and in the same way with the bentonite clay.

41.007  Activated carbon  40.00+ Clay
30.00

31001 ¢
Iy
‘éﬂ 21.00 20.00
I
g

11.00- 10.00+

1.00 , , , 0.00 , , ,
0 5 10 15 0 5 10 15
pH pH

Figure 8 - The effect of changing the pH.
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After placing the samples in a centrifuge, filtering them and measuring
the absorbance, we obtained the results represented in Figure 9.

In relation to the general form of the curve, we can notice that
the adsorption capacity decreases with the increasing temperature,
where it was 22 mgg™ at 25 degrees and reached 11 mggat 45 degrees
for clay. As for activated carbon, the maximum adsorption capacity
was 45 mgg” at a temperature of 30 degrees, to reach 30 mgg™’ at 45
degrees. We can also note the discrepancy in the adsorption capacity
between activated carbon and bentonite clay as it is larger in carbon
compared to clay. The reason for the decrease in the adsorption ca-
pacity with increasing temperatures is the fact that the adsorption
process is an exothermic process. In addition, the molecules at high
temperatures have a high kinetic energy (Fuj and Wang, 2015), which
reduces the chance of having them on the surface of the adsorbent

material.

Decolorization Ratio (T %)

To identify the most efficient adsorbent material for removing color,
be it activated carbon or clay, we will determine the percentage of color re-
moval for both, and then make a comparison. In order to do this, we will
use the same data from the experiment through which we determined
the effect of the initial concentration (a fixed mass of the adsorbent with
variable dye concentrations), obtaining the following Figure 10.

Through the curve, we can make several observations: for activat-
ed carbon, we note that its efficiency in removing the dye increases as
its concentration is raised to reach 97% at the highest concentration.
For clay, we can notice in general that its efficiency in removing the
dye decreases with the increase in the initial concentration of the dye,
where it was 62% at its highest value, at a concentration of 125 mgL, to
decrease to 32% at the highest concentration of 623 mgL.

We can also note that the curve is divided into two parts: the range
of minimum concentrations, which ends at a value close to 200 mgL-

!, and the other range, which is for major concentrations, starting

Activated carbon Clay
50~ 75
*
401 204 P
® 301 Y2 SECETY
£ £
g 201 g'uy ¢
10+ 54
O T T T T 1 T T 1
0 10 20 30 40 50 0 20 40 60
T (degrees) T (degrees)

Figure 9 - The effect of changing the temperature.

from the previous value and ending at the maximum concentration.
We can see that the decolorization efficiency for clay is high in the
first range compared to activated carbon, while the opposite is in the
second range, where the efficiency of the clay decreases significantly
in exchange for the significant increase in the efficiency of activat-
ed carbon.

This is due to the large surface area of activated carbon that allows
it to absorb a large amount of colorant, while the surface area of clay
is less than it is in carbon, and therefore absorbs a smaller amount
of dye. As for the range of small concentrations, the clay’s high ef-
ficiency in removing color may be due to the charges on its surface
that cause ion exchange with the dye molecules (Hassan and Carr,
2018), which quickly run out to return its efficiency to decline with

large concentrations.

Adsorption isotherms

Adsorption isotherms help us know the nature of adsorption, and
whether it is a monolayer or multilayer (or physical or chemical ad-
sorption). For this purpose, we will use solutions with different con-
centrations ranging from 62 mgL'to 625 mgL", with a variable mass of
adsorbent, and after obtaining the results we will draw a graph of the

two functions (Equations 3 and 4):
Log Ce = f (log Ce) (3)
Qe =f (5 (4)

From the curves, we will obtain the values of the constants of the
two adsorption isotherms that we will use (Equations 5 and 6):

Freundlich equation:

1
L =logKf+——=C
og Qe = log Kf + —Ce (5)
T%
100.00
80.00
60.00
x
'_
40.00
20.00 - —&@— Activated carbon
—m— Clay
0.00 | | | |
0.00 200.00 400.00 600.00 800.00
CO (mg/1)

Figure 10 - Decolorization.
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Langmuir equation:

Qe=1/Qm+ 1/K * 1/Qm*$ (6)
Where:

Ce: Equilibrium solute residual concentration (mgL™");

Q,,: Maximum adsorption capacity (mgg™);

k : Adsorption equilibrium constant for the solute/adsorbent(Lmg™);
k. and n: constants that are characteristic of the efficiency of an adsor-
bent with respect to a given solute.

We get the following curves: the Freundlich model predicts that
the dye concentration on the adsorbent will increase as long as there is
an increase in dye concentration in the liquid phase. However, experi-
mental evidence indicates that an isotherm plateau is reached at a lim-
ited value of the solid phase concentration. This tray is not predicted
by the Freundlich equation. Therefore, the equation itself has no real
physical significance (Figure 11) (Allen, McKay and Khader, 1988).

The Langmuir adsorption isotherm is used to describe the balance
between the adsorbate and the adsorbent system, where adsorption of
adsorbate is limited to a molecular layer at or before a relative unit
pressure is reached. Although the isotherm originally proposed by
Langmuir in 1918 is generally appropriate to describe the chemisorp-
tion process when ionic or covalent chemical bonds are formed be-
tween adsorbent and adsorbate (Figure 12).

Through these curves, we were able to obtain the constants of the
Langmuir and Freundlich isotherms, which are represented by the fol-
lowing values (Table 2).

After calculating the correlation coefficients and the constants of the
Freundlich and Langmuir equation, we can say that, in both cases, for either
the Freundlich or the Langmuir isotherm, and for either activated carbon
or clay, the previous two models do not fully describe adsorption (based on
correlation coefficients), which can be justified for the Freundlich isotherm
by the fact that it describes adsorption very precisely at small concentra-
tions, while it fails in large concentrations (Maurya and Mittal, 2010).

But in all cases we can determine which of the two models is more
appropriate to describe adsorption. As for clay, we can notice that the
correlation coefficient of the Freundlich model is 0.816 while in the
Langmuir model it is 0.511, and this means that the first is more suit-
able to describe the adsorption of carmine pigment on the clay, which
leads to the conclusion that the adsorption is multi-layered or physical,
characterizing the irregular surfaces (Langmuir, 1918). For activated
carbon, we find that the correlation coefficient for the Freundlich mod-
el is 0.736, while in the Langmuir model it is 0.768 (Crombie-Quilty
and McLoughlin, 1983).

This means that the Longmire model is more suitable to describe
the adsorption of carmine dye on activated carbon, as this model de-
scribes the monolayer adsorption, which characterizes homogeneous
surfaces (Gao et al., 2013).
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4.007 4.00
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Figure 11 - Freundlich isotherm.
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Figure 12 - Langmuir isotherm.

Table2 - Isotherm parameters obtained from the fit of various equations.

Isotherm models Activated Carbon

Langmuir 1/Qe =1/Qm+1/K*1/Qm*1/Ce
Qe(mgg™!) 3110.2 30£0.01
K (Lmg") 0.01%+0.0 0.033£0.05
R? 0.768 0.511
Freundlich Qe=KCe!™
Qe(mgg™) 3140.2 11£0.01
K{(mgg™") 0.082+0.05 4.11£0.01
n 0.810+0.15 3.47%0.01
R? 0.736 0.816
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Adsorption thermodynamics

Thermodynamic parameters

The thermodynamic parameters for the adsorption of carmine by
natural and activated clay such as the enthalpy (AH"), the Gibbs free
energy change (AG®) and the entropy change (AS°) can be calculated
from the variation of maximum adsorption with temperature (T) using
the following basic thermodynamic relations (Staron, et al,. 2017).

Figure 13 shows the proposed adsorption mechanism of carmine
molecules onto the surface of natural clay. Other factors, such as poros-
ity, temperature, pH, etc., are also responsible for the effective adsorp-
tion of dyes (Equations 7 and 8).

InKd = — 210, 45 @)
ME="RT ™R
LnKd = AGO/RT (8)

According to Equation 7, the mean value of the enthalpy change
due to the adsorption of phenol by natural and activated clay over the
temperature range studied can be determined graphically by the lin-
ear plotting of LnKd against 1/T (Ahmad et al., 2021), using the least
squares analysis shown in Figurel4.

The average development of enthalpy can be determined from
the slope of the straight line. Gibbs free energy deviation and entropy
change with temperature can be calculated using Equations 7, 8, 9 and

10, successively, and the results are arranged in Table 3.

ASO = (AHO — AGO)/T ©)

Figure 13 - Proposed adsorption mechanism of carmine molecules onto
the surface of natural clay.

Kd = Qe/Ce (10)

An important result that can be obtained from Table 3 is that the
free energy of Gibbs (AG®) is small and negative, with its value decreas-
ing with the increase in temperature. This indicates that the processes
of adsorption of carmine by natural clay and activated carbon can be
optimized by decreasing the temperature. Entropy change values (AS°)
are positive and remain almost constant with temperature.

This shows that structural changes in carmine, natural clay and
activated carbon develop during the adsorption process, as per Fig-
ure 14. Negative values of enthalpy change (AH’) for adsorption are
less than 52 kJ mol”, which suggests the physical nature of sorp-

tion, that is, physisorption, conducted with van der Waals forces.

4
. y=5168%-14.68
35 4 # Activated carbon R? =084
; | m Clay
25 n y=4383x-12.77
o R*=0.964
iR
=
15
1 -
05
O T T T T T T 1
00029 0003 00031 00032 00033 0.0034 00035 00036

T

Figure 14 - Van’tHott equation for adsorption of carmine on activated
carbon and natural clay at different temperatures.

Table 3 - The thermodynamic parameters for the adsorption of carmine on
natural clay and activated carbon.

Thermodynamic parameters

AH (KJ/mole) AG? (KI/AnSl‘:)le)
mean value (kJ/mole) mean value

Activated carbon

293K -0.52 -1.789 4.399

303K -3.695

323K -9.190
Natural Clay

293K -0.44 1.191 2.563

303K 3.695

323K 6.5641
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The adsorption enthalpy change (AH?) is -0.52 and -0.44kJmol’, in-
dicating physical adsorption of carmine on natural clay and activated
carbon (Seki and Yurdakoc, 2006). The overall adsorption process
appears to be exothermic.

Conclusions

In this research, we studied the adsorption process of food
dye carmine, on the surface of activated carbon and natural clay.
First, we characterized adsorbate and adsorbents by spectral anal-
yses to identify the presence of a chemical bond from a spectrum.
Second, to compare the adsorption efficiency of each of them under
initial conditions, we estimated the adsorption capacity at different
initial concentrations, at different temperatures, at different pH val-
ues, and at different contact times. Third, we studied the kinetics
and thermodynamics of carmine adsorption on the two adsorbents
through two isotherms models, which are the Freundlich model and
the Langmuir model, thus, estimating the thermodynamic parame-
ters (AH®, AG®, AS°®).

The results showed that the textures of clay and activated carbon,

according to spectral analyses, have chemical bonds that are capable of

exerting attraction forces on the surface, to generate interactions that
retain the adsorbate on the surface of the adsorbent. In addition, the
study of the effect of contact time, the effect of temperature and the
effect of pH on the adsorption process showed results to the effect that
activated charcoal is more effective than clay in the range of large dye
concentrations. Therefore, activated carbon and natural clay can be
considered excellent adsorbents, depending on the initial conditions,
vis-a-vis the adsorption capacity, which reaches its maximum value
and remains stable over time.

Regarding isotherms adsorption models, we find that the Freun-
dlich model is more suitable for clay, while the Langmuir model is
more suitable for activated carbon, from which we can conclude that
clay is a better adsorbate at low concentrations, whereas this is true for
activated coal at high concentrations.

The thermodynamic properties of a system are statistical averag-
es corresponding to many molecules. The energy of a solute molecule
varies as it approaches the surface to reach a minimum at a certain
distance, near an adsorption site. According to thermodynamic quan-
tities, the adsorption of carmine on the surface of natural clay and ac-

tivated carbon is exothermic.
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