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Introduction 
Due to the global problem of water contamination by industrial effluents containing emerging 

contaminants, researchers have focused their attention on treatment methods. Industrial effluents are loaded with 
potentially toxic materials, ranging from metallic ions to synthetic dyes, the latter being recalcitrant compounds 
toxic to the environment, such as the crystal violet (CV) (Kayani et al., 2025). Due to the resistance of 
conventional treatments and the natural degradation of dyes, one treatment method is adsorption using biomass 
for removal. Biomass consists of materials of biological origin, such as organic waste from the sugarcane and 
ethanol industry (Abilio et al., 2021). This residue can be reused as a biosorbent due to its surface characteristics, 
such as active sites and fibrous profile, and can also be used in the production of activated carbons, which can 
also be used as potential biosorbents (Abilio et al., 2021; Bezerra et al., 2023). Therefore, the following work 
proposes the use of sugarcane bagasse (SB) biomass and SB activated carbon (ACSB) as potential biosorbents in 
the removal of the synthetic dye CV carried out in aqueous medium. The materials were used for comparison 
purposes. 

 
Material and Methods 

Sugarcane bagasse biomass (SB) was washed, oven dried at 50°C, and ground in a rotor mill.  
Activated carbon was produced in an inert atmosphere (N2) by pyrolysis of SB at 600ºC for 1 h. Carbon 
activation was achieved through a 0.09 L/min continuous flow of CO2 gas for 30 min.  

The biomaterials were characterized using scanning electron microscopy (SEM), Fourier transform 
infrared spectroscopy (FTIR), and X-ray diffraction (XRD) with the latter two before and after sorption, to 
analyze the morphological profile, the chemical composition of the active sites, and the degree of organization of 
the biomaterial. The pH value at which the material surface charge is mostly zero (pHPZC) was measured under 
saline solutions at pH 2 - 12 range to determine the optimal sorption pH. 

The sorption parameters, using a 25 mg/L CV solution, were first optimized in terms of pH value (7.5 
to 9.5 for ACSB, and 6.5 to 9.5 for SB) and contact time (5, 15, 30, 60, and 120 min). The initial biosorbent dose 
(0.5 g/L to 2.0 g/L) was analyzed. After sorption, the suspensions were filtered and the supernatants were 
analyzed by UV-Vis spectroscopy at 583 nm. Kinetics and isotherm models were used to assess the CV 
adsorption mechanism by ACSB and SB was also assessed in dye-spiked surface lake water using 10 - 100 mg/L 
and 10 - 200 mg/L dye solutions, respectively. 

 
Results and discussion 

Figure 1A shows the pH at the point of zero charge (pHPZC) for SB (6.47) and ACSB (7.17). In the pH 
assay (Figures 1B), the CV optimized sorption was found at the pHPZC values of the adsorbent materials due to 
π−π interactions and hydrogen bonds that favored the sorption process in these pH ranges (Gul et al., 2025). 

 
Figure 1. Effect of pH on pHPZC of SB and ACSB (A); Effect of pH increase on the removal capacity of CV by SB and 
ACSB (B), using 0.5 g/L adsorbent dose, 10 mL of 25 mg/L CV solutions at 6.5 - 9.5  pH range, and 30 min (SB) and 15 min 
(ACSB) equilibrium time. 
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Through the kinetic assay shown in Figure 2A, the optimized contact time was 30 and 15 min, 
respectively for SB and ACSB. Applying the kinetic models, it was verified that the kinetic mechanism is 
chemisorption due to the better fit of the pseudo-second-order model (R² = 0.99), with the influence of 
physisorption in the case of ACSB seen by the fit of the pseudo-first-order model (R² = 0.91). Applying the 
model proposed by Weber-Morris, the influence of intraparticle transport in the initial minutes until the 
establishment of kinetic equilibrium was evaluated. The initial biosorbent dose assay increased from 69.4% to 
93.9% in the SB, while the ACSB assay showed a variation in removal efficiency from 40.5% to 55.06%. 

FTIR analysis (Figure 2B) revealed the presence of functional groups in SB 

such as C=O, −C−O−, −OH and −C=C− and −OH in ACSB, with adsorbance bands 

decreasing in the post-sorption material, indicating the participation of these 

functional groups in the sorption process (Abilio et al., 2021; Gul et al., 2025). Through SEM, it 
was possible to verify a material with a high surface area, being of a fibrous matrix, especially for SB, while in 
ACSB the fibrous domains seen are due to the plant's conducting vessels, which did not undergo structural 
alteration in the pyrolysis process. The matrix of both SB and ACSB is mostly amorphous, with only the planes 
related to the organization of cellulose (SB) and the graphitic planes (ACSB) visible. 

 
Figure 2. Effect of time contact on the removal capacity of CV by SB and ACSB  at pH 7.5 (A) using  25 mg/L CV and 0.5 
g/L biosorbent on pH 6.5 (SB) and pH 7.5 (ACSB) at 5 - 120 min time range; FTIR after and before sorption of CV for both 
adsorbents (B); effect of lake water matrix (C) on the removal capacity of CV by SB (10-200 mg/L CV) and ACSB (10 - 100 
mg/L CV) and 0.5 g/L biosorbent dose at pH 6.5 (SB) and 7.5 (ACSB).  
 

In the reuse cycle experiments, ACSB exhibited surface saturation after the second cycle, resuming 
only after adjustment of the initial concentration. In contrast, SB maintained its sorption capacity throughout the 
reuse cycles and even showed an increase after the concentration adjustment. This behavior can be attributed to 
the chemical potential gradient established between the solution phase and the molecules previously sorbed on 
the adsorbent surface. In the experiments conducted with lake water samples, after pH optimization, both 
biomaterials demonstrated enhanced sorption performance compared with the tests performed in purified water. 
Under these conditions, SB reached a sorption capacity of 221.07 mg/g, compared to 169.27 mg/g in laboratory 
water, while ACSB achieved 64.02 mg/g versus 40.36 mg/g, respectively. 

 
Conclusion 

It can be concluded that both adsorbents show potential application in the removal of triarylmethane 
dyes such as CV. Both SB and ACSB possess functional groups involved in the adsorption process, whose 
equilibrium is rapidly established. The kinetic mechanism is controlled by chemisorption with multilayer 
adsorption, involving interactions between the adsorbate itself. 
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