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Abstract 

The minimization of problems related to the improper disposal of agro-industrial biomass can be achieved through the 
reuse of said material. One of its applications is the production of adsorbents. This can add value to a waste, as well as 
opening the possibility of reusing the adsorbent in its production chain, via regeneration processes, which turns the 
application of the adsorption process a sustainable alternative, as it utilizes one waste to treat another. In light of the 
above, this study aimed to investigate regeneration methodologies of an adsorbent, prepared from soursop seeds (AC), 
after the adsorption of a textile dye, reactive blue BF-5G (RB), including desorption using HNO3, H2O, and NaOH as 
eluents; photolysis; and advanced oxidation processes (AOP) such as peroxidation, photo-peroxidation, Fenton, and 
photo-Fenton. Among the eluents used in desorption, HNO3 exhibited the best performance, allowing 51.1% and 48.8% 
adsorption of the chromophores in the second cycle, respectively at the wavelengths 313 nm and 602 nm. From the 
photolysis and AOP assays, the adsorbent treated by the Fenton process promoted a greater adsorption in the second 
cycle, 38.6% at 313 nm and 38.3% at 602 nm. However, despite showing lower removal values, 33.0% at 313 nm and 
32.1% at 602 nm, photolysis was considered more viable than Fenton, since it does not require the use of a catalyst and 
hydrogen peroxide. Therefore, the desorption process with HNO3 was considered the method with the greatest potential 
for AC regeneration after RB adsorption. 
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1. Introduction 

Brazil is regarded as possessing one of the highest 
agro-industrial potentials in the world. However, 
this large-scale production results in a high 
generation of residual biomass, such as peels, seeds, 
stems, among others, which in many cases end up 
being improperly disposed of, due to their low added 
value [1].  

A way to reuse this biomass is to utilize it in the 
production of adsorbents. This is made possible 
because these residues are porous and possess 
structures in their composition such as lignin and 
cellulose, which are responsible for removing a 
plethora of contaminants, including heavy metals 
and dyes. Moreover, the employment of pre-
treatments, whether chemical or physical, has been 
shown to possess the tendency to improve 
adsorption capacity of the aforementioned structures 
[2].  

Another important aspect is the possibility of 
reusing the adsorbent after the regeneration process, 
making it a more attractive option, as it reduces the 
amount of waste generated in the adsorption process 
[3].  

One of the regeneration methods that can be 
applied is desorption. In which an eluent (an acid, 
base, or salt) is used to induce the release of the 
adsorbate into the medium and even its recovery. An 
alternative is the employment of advanced oxidation 
processes, which are capable of breaking down the 
contaminants present in the adsorbent [4].  

Thus, this study aimed to evaluate the 
regeneration potential of an adsorbent prepared from 
soursop seeds for the removal of the reactive blue 
BF-5G textile dye, conducting desorption with 
different eluents, as well as photolysis and the 
advanced oxidation processes (AOP): peroxidation, 
photo-peroxidation, Fenton, and photo-Fenton.  



 
 

2. Materials and methods 

For the preparation of the adsorbent (AC), 
soursop seeds discarded from a pulp industry were 
washed with running water, dried at 60°C in a drying 
oven (Splabor), and crushed in knife mills 
(CIENLAB, CE-430). Subsequently, these were 
washed with distilled water and dried. Fractions of 
the material in a 5:3 ratio were impregnated with 
85% H3PO4 (Vetec), carbonized in a muffle furnace 
(Quimis) under a heating ramp of 10°C·min-1: 
100°C/30 minutes, 200°C/1 hour, and 350°C/1 hour. 
The charcoal was washed with a 1% NaHCO3 
solution (Fmaia, 100% purity) in order to remove 
residual acid, washed with distilled water, dried at 
105°C, and classified with particle size <0.090 mm 
using Tyler test sieves. Thus, an adsorbent was 
obtained with the following properties: surface area 
of 769 m²·g-1, average pore diameter and volume of 
2.61 nm and 0.5015 cm³·g-1, respectively, and point 
of zero charge pH (pHPZC) of 2.4. 

Quantification of the reactive blue BF-5G dye 
(RB) (C29H20CIN7O11S3, M.W. 774.15 g·mol-1) was 
performed utilizing analytical curves (ranging from 
1 to 60 mg·L-1) constructed applying an UV/Vis 
spectrometer (Thermo Scientific, Genesys 10S UV-
Vis) at the characteristic wavelengths (ʎ) of the dye, 
namely: 313 nm, with a limit of detection (LoQ) of 
0.06 mg·L-1, limit of quantification (LoQ) of 0.26 
mg·L-1, coefficient of variation (CV) of 3.61%, and 
correlation coefficient (r) of 0.99; and 602 nm, with 
LD of 0.03 mg·L-1, LQ of 0.16 mg·L-1, CV of 
2.07%, and r equal to 0.99. It was found that shifting 
the pH of the dye solution does not interfere with its 
quantification. 

To assess the potential for reusing the adsorbent, 
firstly, an adsorption cycle was conducted, followed 
by a regeneration procedure for the adsorbent, and 
then a second adsorption cycle. The methods 
employed for regeneration were desorption, 
photolysis, and AOPs (peroxidation, photo-
peroxidation, Fenton, and photo-Fenton). The 
regeneration process performance evaluation was 
based on adsorptive capacity values (q; mg·g-1) and 
removal percentage (RP) from the adsorption 
cycles. 

Adsorption assays were conducted using a mass 
ratio of adsorbent to solution volume (m/V) of 2 g·L-

1, in which 400 mL of dye solution (50 mg·L-1, pH 
6) was added to Erlenmeyer flasks containing 0.8 g 
of adsorbent, and remained in contact for 4 hours at 
200 rpm and 28±1°C. Subsequently, samples were 

filtered utilizing blue stripe filter paper (UNIFIL). 
The retained material was dried in an oven for 2 
hours at 60°C, and aliquots were quantified. After 
reaching room temperature, the adsorbent was 
reused in the regeneration step. 

2.1. Desorption 

For desorption, 20 mL of eluent (a volume 2.5 
times smaller than the adsorption one) was added for 
each 0.1 g of adsorbent from the first adsorption 
cycle, which were then stirred for 2 hours at 28°C, 
in triplicate. Three eluents were used: H2O (pH 6), 
HNO3 (0.1 mol·L-1), and NH4OH (0.1 mol·L-1), 
separately. Subsequently, the samples were filtered, 
aliquots were quantified, and the solid content was 
dried in order to be utilized in the second adsorption 
cycle. The desorption capacity of the eluent was 
evaluated based on the desorption percentage (DP, 
%, Equation 1) of each eluent.  

𝐷𝑃 =
𝐶𝑓𝑑𝑒𝑠

(𝐶𝑖𝑎𝑑−𝐶𝑓𝑎𝑑)

𝑉𝑑𝑒𝑠

𝑉𝑎𝑑

𝑚𝑎𝑑

𝑚𝑑𝑒𝑠
× 100%  (1) 

where: Cfad and Cfdes, are the final dye 
concentrations in adsorption and desorption (mg·L-

1), respectively; Ciad is the initial dye concentration 
in adsorption (mg·L-1); Vdes is the volume of eluent 
used in desorption (mL); Vad is the volume of dye 
solution used in adsorption (mL); mad and mdes are 
the masses of adsorbent used in adsorption and 
desorption (g), respectively. 

2.2. Photolysis and AOP 

Regeneration via photolysis and AOPs 
(Advanced Oxidation Processes) was conducted in a 
reactor (68 x 14 x 26 cm), lined with aluminum foil, 
and containing 3 UVc lamps (Tovalight, 20 W, ʎ = 
254 nm) arranged in parallel. The assays were 
carried out for 1 hour in Petri dishes, 9 cm of internal 
diameter, containing 0.2 g of adsorbent from the first 
adsorption cycle, with the addition of 20 mL of 
solution (at the solution’s natural pH for photolysis, 
peroxidation, and photo-peroxidation; pH 3 for 
Fenton and photo-Fenton) containing [H2O2] = 100 
mg·L-1 and [Fe2+] = 3 mg·L-1, when necessary. At 
the end of the treatment, samples were filtered, and 
residual peroxide was determined using UV/vis 
spectrometry of the peroxovanadium cation 
radiation (at ʎ = 257 nm) [5]. The adsorbent was 
then washed with 10 mL of distilled water and dried 



 
 

in an oven in order to be utilized in the second 
adsorption cycle. 

3. Results and Discussion 

To assess the regeneration capacity of the AC 
after adsorption of RB dye, two methods were 
employed, and their results are presented below.  

3.1. Desorption 

The first regeneration methodology employed 
was desorption. Different eluents were used for this 
purpose, and the results are presented in Table 1. 

Table 1 – Adsorption and desorption percentage of 
RB by AC. 

Eluent 
1st 

adsorption 
cycle 

Desorption 
2nd 

adsorption 
cycle 

313 nm 

H2O 

73.6±0.6% 

1.6±0.30% 25.7±0.02% 

HNO3 0.6±0.02% 53.4±0.6% 

NH4OH 36.6±0.40% 5.5±0.1% 

602 nm 

H2O 

73.0±0.5% 

1.5±0.3% 22.5±0.1% 

HNO3 0.6±0.01% 51.2±0.6% 

NH4OH 36.3±0.3% 2.9±0.1% 

Through Table 1, it can be observed that the 
NH4OH eluent exhibited the highest dye desorption 
capacity and the poorest adsorption performance in 
the second cycle for both wavelengths. Similar 
adsorption results for the second cycle were found 
using passion fruit peels for textile dye adsorption 
[6]. This behavior is associated with the fact that at 
pH > pHPZC, the material’s surface is charged 
negatively, causing a repulsion of the dye's anionic 
molecules. In contrast, NH4

+ ions are attracted to the 
surface and occupy active sites, potentially leading 
its deactivation. Consequently, during a second 
adsorption, fewer sites are available for mass 
transfer, resulting in a low dye removal percentage. 

Conversely, when dye desorption occurs at pH < 
pHPZC, the adsorbent surface is positively charged, 
causing repulsion of the available H+ ions in the 
environment and hindering dye desorption. 
Nevertheless, it was possible to observe that 
regeneration using HNO3 provided the highest 
adsorption capacity in the second cycle, presumably 

due to the ionization of functional groups present in 
the active sites by the excess H+ in the medium. 

When water was used as the eluent, desorption 
was shown to be less than 2%; nonetheless, an 
adsorption of 27% occurred, indicating that active 
sites were still available. 

3.2. Photolysis and AOP 

Table 2 shown the results for the regeneration 
study of the adsorbent, employing processes with 
potential to degrade the dye. 

Table 2 - Adsorption percentage of RB by AC used 
in adsorptive cycles employing different advanced 
oxidation processes and photolysis. 

 Removal percentage (%) Residual 
peroxide 
(mg·L-1) 

1st 
Adsorption 

2nd
 

Adsorption 

Photolysis 

313 nm 74.6 ± 0.9 33.0 ± 0.8 
- 

602 nm 75.1 ± 0.7 32.1 ± 1.3 

Peroxidation 

313 nm 74.6 ± 0.9 36.0 ± 0.5 
65.1 

602 nm 75.1 ± 0.7 34.4 ± 0.9 

Photo-peroxidation 

313 nm 74.6 ± 0.9 35.7 ± 0.3 
16.2 

602 nm 75.1 ± 0.7 35.6 ± 0.1 

Fenton 

313 nm 74.6 ± 0.9 38.6 ± 0.3 
0.1 

602 nm 75.1 ± 0.7 38.3 ± 0.4 

Photo-Fenton 

313 nm 74.6 ± 0.9 35.8 ± 0.4 
<0.1 

602 nm 75.1 ± 0.7 34.7 ± 0.7 

 
According to Table 2, it is noticeable that the 

systems showed similar removal percentages in the 
second cycle at both wavelengths, indicating similar 
performance for regeneration of the adsorbent. 

 Despite exhibiting the lowest percentage of 
adsorption in the second cycle, photolysis can be 
considered the most viable system. This happens 
because,  even with a variation of 5.6% and 6.2% at 
313 nm and 602 nm, respectively, compared to 
Fenton, this increase does not justify the use of 
peroxide and/or catalyst. 

A possible explanation as to why advanced 
oxidation processes and photolysis were not as 
efficient in degrading the adsorbed dye could be 



 
 

related to the difficulty for light to penetrate in the 
medium due to the high mass-to-volume ratio (10 
g·L-1). 

4. Conclusion 

Based on the studies conducted, it can be 
observed that the choice of the adsorbent 
regeneration method can influence the dye removal 
capacity in the second adsorption cycle, thereby 
demonstrating the importance of this study. 

Therefore, it can be concluded that among the 
analyzed methods, desorption using HNO3 as the 
eluent was the most effective for regenerating 
activated carbon prepared from soursop seeds, 
utilized in adsorption of the reactive blue BF-5G 
textile dye. It is worth noting that the volume used 
in desorption was 2.5 times smaller than that used in 
adsorption. 
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