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ABSTRACT

A low-cost activated carbon based on agroforestry residues
(AAC) was synthesized and characterized to remove aniline
(AN), a health and environmentally toxic substance. The
batch adsorption assays were used to assess the effect of
contact time (1, 2, 6, 12, and 24 h), pH (2, 4, 6, and 8), and
AN concentration (1, 5, and 10 mg/L). The adsorption mech-
anism of AN on ACC and commercial carbons (GAP and PAC)
was evaluated and compared through Langmuir, Freundlich,
and Temkin isotherms. The results show that AN removal
increases with decreasing pH, reaching a maximum AAC
removal capacity of 90 %. AAC resulted in similar efficiency
to GAC > 90 % at 1 and 5 mg/L. Langmuir shows the best-fit
model reaching an R? of 0.98. These models explain that the
adsorption mechanism of AN on ACC is homogeneous, and
monolayer adsorption occurs, achieving a maximum capaci-
ty of 1.20 and 1.16 mg/g for ACC and PAC, respectively, with a
possible endothermic mechanism suggested by Temkin. The
results showed that AAC could be considered an effective
and economical adsorbent in removing the AN.

Keywords: Aromatic amine, residues, adsorption mecha-
nism, activated carbon, isotherms.

RESUMEN

Se sintetiz6 y caracterizé carbon activado (CAA) de bajo cos-
to a base de residuos agroforestales para la eliminacién de
anilina (AN), la cual es una sustancia toxica para la salud y el
medio ambiente. Se evaluo el efecto del tiempo de contacto
(1,2,6,12y 24 h),pH (2 ,4,6 y8) con 1,5y 10 mg/L de AN.
El mecanismo de adsorcion de AN en CAA y los carbones
comerciales (CAG y CAP) fue evaluado y comparado con las
isotermas de Langmuir, Freundlich y Temkin. Los resultados
mostraron que la eliminacién de AN aumenté con la dismi-
nucioén del pH, el CAA alcanzé una remocién maxima de 90
%. EI CAA resulté en una eficiencia similar al CAG > 90 % a 1
y 5 mg/L. El modelo de Langmuir mostré el mejor ajuste con
una R? de 0.98. Estos modelos explican que el mecanismo
de adsorcion de AN sobre CAA es homogéneo, y se produce
adsorcidon en monocapa, alcanzando una capacidad maxima
de 1.20 y 1.16 mg/g para CAG y CAP respectivamente, con
un posible mecanismo endotérmico sugerido por Temkin. El

*Author for correspondence: Yedidia Villegas Peralta
e-mail: yedidia.villegas@itson.edu.mx

Received: August 12, 2024

Accepted: September 12, 2024

Published: October 17, 2024

CAA podria considerarse un adsorbente eficaz y econémico
en la eliminacién del AN.

Palabras clave: Aminas aromaticas, residuos, mecanismos
de adsorcion, carbén activado, isotermas.

INTRODUCTION

Aniline (AN) is used widely in industries that manufacture
pharmaceuticals, dyestuffs, rubbers, pesticides, plastics, and
paints. Due to its extensive industrial use, it is possible to
find AN in water bodies and environments such as lakes and
rivers, which can even flow into the ocean (Khaniabadi et al.,
2016). The estimated annual discharge of AN into water bod-
ies is 30,000 tons by non-regulated discharge (Benito et al.,
2017). Therefore, it has become one of the 129 prime concern
pollutants, according to the United States Environmental Pro-
tection Agency (U.S. EPA) (Basiri et al., 2015). Thus, it is highly
necessary to eliminate it from industrial effluents previously
to their discharge into the water body (Khoshnamvand and
Mostafapour, 2017). Several processes can be used to remove
AN from wastewater or water sources, such as biodegrada-
tion (Liu et al., 2015), oxidation (Yan et al., 2021), coagulation
(Chaturvedi and Katoch, 2020), flocculation (Ahmadi et al.,
2017), and adsorption, among others.

The adsorption is the most used due to its high effec-
tiveness on the laboratory or industrial scale (Ahmadi and
Kord Mostafapour, 2017b). Adsorption technology has
arisen as an eco-friendly solution to removing water pol-
lutants (Srivastava et al., 2021; Deng et al., 2020); these have
gained relevance for their high efficiency, environmental
friendliness, ease of application, exceptional efficiency, and
low cost (Fakhri, 2017; Lu et al., 2017). The most widely used
adsorbents include carbon materials, zeolites, and recently,
metal-organic frameworks (Huang et al., 2021). Although
metal frameworks show excellent adsorption capacities, their
synthesis implies high costs (Resasco et al., 2021). Therefore,
carbon materials such as activated carbon (ACs) appear as a
promising alternative for the removal of pollutants in waste-
water due to their well-established properties, low cost,
efficiency, and versatility in adsorption processes (Guo et al.,
2024; Ghanbarpour Mamaghani et al., 2023).
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One of the challenges facing the adsorption process is
the search for new materials that successfully remove organ-
ic contaminants (Zhou et al., 2019). One example is the use
of unconventional adsorbents such as natural clay (Iglesias
et al., 2013; Padilla-Ortega et al., 2013), or some industrial,
agricultural, and forest materials (Bosch et al., 2022; Sharma
et al., 2022; Zhu et al., 2021). The agroforestry wastes are
known for their wide availability for activated carbon pro-
duction with some properties such as porosity, capacity of
adsorption, and appropriate surface activity (Rosales et al.,
2015). Moreover, knowing the removal efficiency offered by
various adsorbents is essential. However, it is of utmost im-
portance to describe the affinity between the adsorbate and
the adsorbent under determinate conditions at equilibrium
(Abin-Bazaine, 2022). All this is possible using mathematical
models that predict adsorption behavior; some of the most
used equation models are Langmuir (Brazesh, 2021) and Fre-
undlich, which are capable to help determine homogeneous
or heterogeneous adsorption processes.

For all the aforementioned, this paper had two princi-
pal aims, i) Synthesize and characterize a cheap adsorbent
prepared from agroforestry residues, and ii) Evaluate the
adsorption mechanism of AN on activated carbon through
Langmuir, Freundlich, and Temkin isotherms.

MATERIAL AND METHODS

Adsorbent preparation and characterization

Dried agroforestry residues (mesquite wastes) were mixed
with H,PO, solution at 40 % of concentration. The moisture of
the residue mixture with the chemical agent was removed in
an oven (EHOSELFC-3000 serials) at 105 °C for 12 h. In a muf-
fle (NEY-M325) the dried material was thermally degraded at
400 °C for 2 h and cooled down under ambient conditions
in a desiccator (NALGENE, 5312-0230). Subsequently, the
obtained agroforestry-activated carbon (AAC) underwent
several washes with deionized water to remove the remain-
ing acid. Finally, the ACC was dried at 110 °C all day; the final
product was used for characterization and adsorption essays.
Physical parameters such as the moisture and ash content
of ACC were characterized according to Yokout et al. (2015).
The analysis for identifying the presence of the different
chemical groups for ACC was determined using the Fourier
Transformed Infrared Spectroscopy (FTIR), and the accessory
used to read the samples was iD1 for diffuse reflectance.
The Brunauer-Emmett-Teller (BET) method was followed to
determine the superficial area through an advanced analyzer
(Quantachrome Autosorb-iQ-C, USA). Commercial Granular
Activated Carbon (GAC) and Powdered Activated Carbon
(PAC) were also purchased commercially to compare a low-
cost adsorbent with an existing one.

Characteristics of aniline

Aniline was obtained from the effluent of an anaerobic reac-
tor that operated with wastewater from synthetic dyes and
which concentration can reach 40 mg/L of AN. Table 1 shows
the general characteristics of aniline.
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Table 1. Properties of aniline.
Tabla 1. Propiedades de la anilina.

Parameter Molecular A max Molecular Chemical
Weight Formula Structure
NHy
Aniline 93.13 198 CHNH, @
Aniline

Where: Molecular weight (mg/ mol); A__ (nm)

Adsorption Batch Studies

The adsorption studies were carried out under different AN
concentrations (1, 5, and 10 mg/L), contact times (1, 2, 6,
12, and 24 h), and pH (2, 4, 6, and 8). The pH solution was
modified according to the necessity by dropping 0.1 N HCL.
Each flask in the experiment had a working volume of 100
mL of AN sample that was contacted with 0.5 g of AAC with a
stirring (50 rpm). A UV-visible spectrophotometer quantified
AN at 198 nm. Equation 1 was used to estimate the removal
efficiency.

Co—-C1
0

ANR_ (%)= x100 (1)

Where: AN Rem (%) is the removal efficiency, C_ (mg/L)
is the initial AN concentration, and C, (mg/L) is the final con-
centration of AN.

Adsorption Isotherms

Several models were suggested for analyzing equilibrium
experiments. One of the most important is adsorption iso-
therms: Langmuir, Freundlich, and Temkin isotherms.

Freundlich isotherm is explaining as an adsorption
heterogeneous, considering that exist various sites of ad-
sorption with different quantities of heat energy (Asencios et
al., 2022). The linearized equation is:

1
Log qe = Log Kg + F Log Ce @

Where g, (mg/g) is the amount of adsorbate that is
adsorbed in the adsorbent. C_ is the concentration (mg/L) of
adsorbate in the equilibrium time. K_is the constant related
to the adsorption capacity (mg/g), and 1/n_is a constant
associated with adsorption intensity.

The Langmuir isotherm is a valid theoretical model for
adsorption in a monolayer on a completely homogeneous
surface. It has a finite number of identical and specificadsorp-
tion sites and negligible interaction between the molecules
(Figueroa et al., 2015).

The linearized equation is:

Ce 1 1

qe N Amax ¢ KL dmax (3)




Gonzalez Tineo et al: The potential application of agroforestry residues in the / Biotecnia 26:e2416, 2024

Where q__ is the maximum monolayer adsorption ca-
pacity (mg/q), K| is the Langmuir constant (L/mg), C_ equilib-
rium concentration (mg/L), and q_ is the adsorption capacity
at equilibrium (mg/g).

The constant separation factor or equilibrium parame-
ter, R ,isa Langmuir isotherm parameter defined by equation
4 (Hall et al., 1996; Webber et al., 1974). The value of R, sug-
gests that adsorption can be unfavorable (R > 1), linear (R =
1), favorable (01< R < 1), orirreversible (R = 0).

T @

Where C, (mg/L) is the initial dye concentration and K
(L/mg) is the Langmuir constant.

Temkin isotherm assumes the heat of adsorption of all
the molecules in the layer would decrease proportionally
with the increase in the coverage of the adsorbent (Hammed
and Rahman, 2008). The linear form of Temkin isotherm is:

RT RT
ge = EIHKT +E InC, (5)

Where R (8.314 J/mol-K) is the ideal gas constant, T is the
temperature (K), b, is the Temkin constant associated with
the heat of adsorption (J/mol), K, is the equilibrium binding
constant (L/g).

Statistical analysis

The results were expressed as mean = standard deviation,
and the isotherm equations were developed using Minitab
Statistical 16 and Microsoft Excel software version 16. A re-
gression adjustment was applied to find the best correlation
coefficient close to 1.

RESULTS AND DISCUSSION

Characterization of adsorbent

The moisture and ash content parameters are important in
adsorption efficiency (Tay et al., 2009). According to Castellar
etal. (2019), the high ash percentage (< 30 %) would indicate
an insufficient activation process. The AAC is in the range of

other ACs (6.5 %). The moisture content of ACs varies widely
ranging from 2 % to 90 %, and it is considered that values
greater than 15 % decrease the adsorption capability. Finally,
the yield parameter is fundamental in terms of costs since it
implies the weight of activated carbon per weight of residues
utilized for activation. The AAC showed a yield of 50 %, which
is higher than others, such as those made from coffee (30 %)
or bay leaf (29 %), but lower than that made from coconut (80
%) (Yunus et al., 2022).

Functional groups (FTIR) and specific surface area (BET)

In Figure 1, the main AAC functional groups are shown. The
functional group regions show a broad peak around 3800-
3600 cm™ due to -OH stretching vibrations (Shurvell et al.,
2006). The signal at 2361.82 cm™ is attributed to the C-H
stretching vibration (Varghese et al., 2024). The signals in a
range of 1300 to 1200 cm™ were accredited to C=C aromatic
stretching; according to the research of Tetteh et al. (2024),
these bands also can appear in the range of 1600 to 1500
cm™. The C-C groups were identified at 1068.68 cm™. On the
other hand, the bands at 700-900 cm™ indicated C-H bond
vibrations and deformations in aromatic rings (Ghosh, 2020).
Additionally, the characterization of the specific superficial
area for the AAC resulted in 427.881 mz/g, which was favor-
able for the adsorption. Commercial activated carbons (PAC
and GAC) had a surface area of 800 and 400 m?%/g, respective-
ly, according to Carbotecnia ®. The difference in the surface
area values is attributed to the raw material and the use of
chemical or physical activation methods (Munoz et al., 2003).

Morphology SEM analysis

The Agroforestry Activated Carbon (AAC) shows a defined
surface morphology represented by ordered fibers, which is
presented in the image of SEM 1000 X (Figure 2). The arran-
gement of the fibers suggests an advantage for adsorption
favored by the channels formed between fibers (Brasquet
et al., 2020). According to Li et al. (2021), the benefits of this
kind of arrangement include a large specific surface area,
high adsorption rate and capacity, unique surface reactivity,

Figure 1. FTIR infrared spectrum of Agroforestry Activated Carbon (AAC).
Figura 1. Espectro infrarrojo FTIR de carbon activado agroforestal (CAA).
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Figure 2. SEM image at 1000 X of Agroforestry Activated Carbon (AAC).
Figura 2. Imagen de SEM a 1000 X de carbdn activado agroforestal (CAA).

and ease of synthesis. Additionally, Burchell et al. (2017), in
their study, establish that the large micropore volume of fiber
arrangement compared to GAC is the greatest advantage.
This can be directly attributed to the fiber structure, which
has a very low fraction of closed pores and a large fraction of
open pores.

Effect of pH on the efficiency removal
The pH is a fundamental parameter in the adsorption pro-
cess (Kord Mostafapour et al., 2016). In Figure 3, this study
obtained the maximum removal of AN at acidic pH (2 and
4). In contrast, preliminary analyses indicated that at pH =8
(results not shown), AN adsorption was not favored. In acidic
conditions, the adsorption process increased its efficiency
from 52 to = 80 %), and this behavior was similar at each
concentration studied, which was 1, 5, and 10 mg/L.

AN is a weak base of an anionic nature that can be trans-
formed into an anilinium ion if it is positively charged under
acidic conditions. In this regard, the PKa value of aniline is

4.6, so at acidic pH values, it is positively charged, which in-
creases the H*concentration. Moreover, at alkaline pH, aniline
adsorption reduces the competition of other anions, such
as OH- (Kord Mostafapour et al., 2016). Sun et al. (2021) ob-
served a similar behavior, performing adsorption tests with
ACin a pHrange between 2 to 12, noting that the adsorption
capacity increased in the range of 2 to 5 units, while from
pH 5, the capacity decreased by up to 10 %. On the other
hand, Guo et al. (2009) conducted an AN adsorption test with
starch-derived compounds; they observed that the adsorp-
tion capacities reached the highest value at about pH 4.

Aniline removal efficiency
The experiment was performed with three different activat-
ed carbons: 1) AAC prepared during this study, 2) commercial
granular activated carbon (GAC), and 3) powdered activated
carbon (PAC). GAC and PAC were purchased to compare a
low-cost adsorbent with an existing one on the market.
Table 2 shows that the GAC has removal efficiencies
similar to commercial GAC, up to 5 mg/L of AN. On the other
hand, one parameter that influenced the adsorption of AN
was particle size. PAC used in the tests as a comparison was
more efficient than GAC and AAC. At pH 2 and 4 (conditions
at which the highest removal was achieved), these carbons
showed a removal rate of about 89-90 %. Meanwhile, PAC
achieved almost 94 % removal of AN. The above implies ap-
proximately 5 % higher. The same situation was repeated at a
maximum concentration of 10 mg/L. Wu et al. (2013) carried
out a study about the effect of particle size on AN adsorp-
tion with PAC in five size ranges from 6 to 220; these results
showed that AN removal efficiency moderately increased as
the particle size decrease, with PAC with powder character-
istics obtaining better efficiencies (= 85 %) at the maximum
concentration (10 mg/L).

Adsorption isotherms
The Langmuir, Freundlich, and Temkin isotherms were stud-
ied to define the mechanisms of AN adsorption on AAC and

Figure 3. Effect of pH on aniline (AN) removal efficiency, at concentrations of a) 1 mg /L, b) 5 mg/L, and c) 10 mg/L.
Figure 3. Figura 3. Efecto del pH en la eficiencia de eliminacion de anilina (AN) a concentraciones de:a) 1 mg /L, b) 5 mg/L,y ¢) 10 mg/L.
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Table 2. Aniline (AN) removal with activated carbon at different pH and
concentration.
Tabla 2. Remocion de anilina (AN) en carbon activado a diferentes pH y
concentracion.

Variation
Adsorbent pH C, C, Removal (%) coefficient
(%)
6 0.30 80.00+0.020 9.700
AAC 4 138 0.65 52.99+0.12 17.76
2 0.14 89.33 £0.15 7.640
6 0.66 44.68 + 0.09 13.08
PAC 4 119 0.2 83.04+0.13 63.98
2 0.08 93.70 £0.01 8.49
6 0.5 66.84 + 0.09 17.96
GAC 4 152 0.32 79.05 £0.02 7.110
2 0.15 89.79 £0.01 0.740
6 1.82 65.91 £ 0.091 10.10
AAC 4 5.34 Undetectable  >90+0.28 9.40
2 Undetectable >90 + 0.028 12.10
6 0.99 82.82+0.14 14.05
PAC 4 5.1 Undetectable  >90 + 0.03 2.7
2 Undetectable 82.96 + 0.03 2.7
6 1.01 82.76 £ 043 9.21
GAC 4 5.86 Undetectable  >90 £ 0.52 7.21
2 Undetectable  >90+ 1.21 13.23
6 6.23 41.88+1.05 18.21
AAC 4 1072 5.54 48.23 +1.01 10.54
2 4.32 59.70 £ 0.98 7.52
6 2.70 72.82+0.14 14.05
PAC 4 9.96 1.69 82.96 + 0.03 2.7
2 0.98 89.96 + 0.03 2.7
6 4.52 50.38 £ 0.52 6.21
GAC 4 911 2.21 75.74 £0.56 5.41
2 1.33 85.40 = 0.46 3.21

Where C_ is the initial concentration of AN (mg/L) and C, is the final
concentration of AN (mg/L).

commercial activated carbons (PAC and GAC) at equilibrium.
Once the experimental conditions for the adsorption process
were obtained, they were adjusted to the indicated models.
This research shows the fit at AN concentration range of 1 to
10 mg/L and pH 2. Figure 4 shows the result of the determi-

Figure 4. Adsorption isotherm with Langmuir model: a) PAC, b) AAC, and c) GAC.

nation coefficient as an indicator of the fit, where the value
of the R? was 0.9901, 0.94, and 0.99 for PAC, AAC, and GAC,
respectively.

Langmuir adsorption isotherm is described by the inter-
action forces between the adsorbed molecules. Once they
occupy a site within the adsorbent, no further adsorption
occurs. In this case, the GAC and PAC fit in at a percentage
of 99 %, while AAC showed a slightly lower correlation (94
%). The above refers to a homogeneous adsorption process
with no in-plane adsorbate transmigration to the surface
(Kumar et al., 2007; Foo et al., 2010). The model explains that
adsorption takes place in a monolayer and that all sites of the
adsorbent material are equal or equivalent. The commercial
origin of these carbons can explain this. It can be inferred
that PAC and GAC may be structurally similar, so there is no
interaction between molecules adsorbed on neighboring
sites. When an AN molecule occupies a site in the AC, it is no
longer occupied by another molecule of the same origin.

An important parameter for fitting the Langmuir model
isotherms is the separation factor (R) (Webber et al., 1974).
The R, value is useful to define if the adsorption is favorable,
linear, not favorable or irreversible. When R is 1, the adsorp-
tion is linear; R between 0 and 1 is favorable adsorption;
irreversible is when R is equal to 0, while values of R, higher
than 1 are unfavorable adsorption. In this study, the follow-
ing values for GAC, PAC, and AAC were of 0.1814, 0.2857, and
-1.044, respectively. The above indicates that each studied
adsorbent carried out favorable adsorption of AN.

The Freundlich isotherm model assumes that adsorp-
tion occurs in multilayer through a non-uniform adsorption
distribution on a heterogeneous surface (Hossein et al., 2013).
Historically, Freundlich isotherm has been applied for the
adsorption of mineral carbon, showing that the percentage
of adsorbate in a mass of adsorbent is not constant at differ-
ent points. In this perspective, the amount adsorbed is the
sum of adsorption at all sites (each with a different binding
energy), being stronger at the binding sites that are occupied
first, until the adsorption energy is exponential and reduces
at the end of the adsorption process (Vazquez et al., 2023).

The following images show the fits to the Freundlich
models (Figure 5), which were less than 94 % of R2.

Figura 4. Isoterma de adsorcién con el modelo de Langmuir: a) CAP, b) CAA 'y c) CAG.
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Figure 5. Adsorption isotherm with Freundlich model. a) AAC, b) PAC and ¢) GAC.
Figura 5. Isoterma de adsorcion con el modelo de Freundlich. a) AAC, b) PACy c) GAC.

According to Figure 5, AAC, PAC, and GAC show a small-
er fit to the Freundlich model compared with Langmuir, sug-
gesting a relationship that describes adsorption as a process
that is not restricted to forming a multilayer. The results of a
similar study reported by Vijan and Neagu (2012), are compa-
rable to those of this work.

The Temkin isothermal model suggests that with in-
creasing surface coverage, the heat of adsorption of all mol-
ecules in the layer decreases linearly (Temkin, 1940). The plot
of g, versus In C_allowed the isothermal constants k_and b,
to be determined from the intercept and slope, respectively.
The Temkin model presented a good fit with an R? close to
unity for the three carbons evaluated (Figure 6). Therefore,
it was one of the two models that best fit the experimental
data of this study, both for the system where AAC was used
and the commercial ones.

Table 3 shows the parameters of the isotherm math-
ematic models Langmuir, Freundlich, and Temkin for AN
adsorption in AAC, PAC, and GAC. The coefficient of determi-
nation (R?) resulting from the Langmuir model for PAC and
GAC were similar, with values of 0.9897 and 0.9893, respec-
tively. In the case of ACC, the value of R? (0.9462) was lower
than the others mentioned before. Considering the model of
Freundlich, the R? values for ACC, PAC, and GAC were 0.5406,
0.9129, and 0.9309, indicating that the adsorption was not
related to a heterogeneous or multilayer way. The model of
Temkin resulted in similar values of R compared to Langmuir:
0.9786 for ACC, 0.9754 for PAC, and 0.9792 for GAC.

Figure 6. Adsorption isotherm with Temkin model: a) AAC, b) PAC, and c) GAC.

Table 3. Isotherm parameters for AN adsorption for different activated car-
bons.

Tabla 3. Pardmetros de los isotermas de adsorcién para AN para diferentes
carbones activados.

Isotherm model Parameters AAC PAC GAC
q,. (mg/g) 1.1675 12070 0.6467
Langmuir k (L/mg) 0.4510 02499  -0.2139
R 0.9462 09897  0.9893
k-(mg/g) 0.1414 02131 0.8019
Freundlich 1/n, 0.7657 00372  1.0712
R 0.5406 09129  0.9309
k. (L/g) 0.0039 00107  0.0493
Temkin b, (J/mol) -83266  -7743.9  -22982
R 0.9786 09754 0.9792

The parameter q__ indicates the maximum adsorption
capacity for each type of activated carbon studied. It should
be noted that PAC is the one that achieved the highest
adsorption capacity of 1.2070 mg/g, then ACC with 1.1675,
and finally, GAC with 0.6467 mg/g. This is in accordance
with the AN removal studies, which show that PAC is the
one that achieves the highest removal efficiency with 98 %
confidence. Vijan and Neagu (2012) studied the influence

Figura 6. Isoterma de adsorcion con el modelo de Temkin Isoterma de adsorcion con el modelo de Temkin: a) AAC, b) PACy c) GAC.
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of -OH on activated carbon adsorption; the results of the
equilibrium adsorption show that the isotherms were Lang-
muir type. The same behavior was reported by Santos and
Rodrigues (2014), who studied the adsorption equilibrium of
aniline onto activated carbon and found that a Langmuir and
Bi-Langmuir model was the best representation. It should be
recognized that the Langmuir isotherm assumes monolayer
adsorption which proposes that there is no interaction be-
tween the adsorbed molecules, all of this on a surface with
defined adsorption sites and uniform energy.

The utility of the Temkin isotherm is that it allows
evaluating the kind of thermic reaction during the process
of adsorption. When the constant b, results are positive an
exothermic adsorption process was developed, by the con-
trast if a negative value is obtained, the process suggested
as endothermic (Benjelloun et al., 2021). The k, and b, values
are shown in Table 3. Similar results were previously reported
for activated carbon from Raphia taedigera seeds, where an
endothermic adsorption process for removing methylene
blue was described (Olasehinde et al., 2020).

Figure 7 shows a proposal for aniline mechanism of
adsorption on activated carbons. It was inferred that the
aniline molecules were adsorbed on activated carbon in a
monolayer, favoring the order of the occupied sites in the
adsorbent; this fact is related to the Langmuir model with the
homogeneous kind of adsorption. The possible mechanism
of adsorption was an endothermic nature; it is deduced that
the adsorption reaction needs heat to be carried out, which
was suggested by the Temkin model.

Figure 7. Possible mechanism of aniline adsorption on activated carbon
(ACC, PAC, and GAC).

Figura 7. Posible mecanismo de adsorcidn de anilina sobre carbén activado
(ACC, PACy GAQ).

CONCLUSIONS

In this research, agroforestry residues were evaluated for
activated carbon synthesis in aniline removal, and the results
were compared with two commercial activated carbons:
granular and powdered.

Parameters such as pH influenced the adsorption of ani-
line, which was favored under acidic conditions (< 4). Instead,
the higher the concentration of AN, the lower the removal
efficiency of activated carbons. ACC achieved aniline removal
efficiencies higher than 90 % when concentrations lower than
5 mg/L of aniline were handled. Furthermore, when the ani-

line concentration was increased to 10 mg/L, the efficiency of
the AAC decreased by up to 30 %. The commercial activated
carbons maintained their efficiency above 80 % at each con-
centration evaluated. The efficiency of PAC was higher than
GAC and AAC at the maximum concentration of AN and acid
conditions (89.96, 85.4, and 59.7 %, respectively). Langmuir
and Temkin model isotherm for ACC fitted the adsorption
process with an R? of 0.94 to 0.99; according to the RL values,
the adsorption process was favorable. The above infers that
the adsorption process was carried out as a monolayer in a
homogeneous manner. Finally, agroforestry residues can be
converted into excellent low-cost activated carbons that can
economically and safely remove AN and other similar organic
compounds without generating more toxic compounds than
the original compound.
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