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RESUMEN

Las vinazas mezcaleras (VM) son residuos liquidos generados durante el proceso de
elaboraciéon del mezcal cuya disposicion inadecuada representa un problema
ambiental significativo debido a su elevada acidez, alta carga organica, color intenso y
presencia de compuestos fendlicos (CF). Estos ultimos contribuyen de manera
importante a la toxicidad del efluente, o que hace necesario el desarrollo de procesos

eficientes para su tratamiento y, de ser posible, su valorizacion.

El presente trabajo tuvo como objetivo evaluar la remocion y recuperacion de
compuestos fendlicos presentes en vinazas mezcaleras mediante procesos de
adsorcion y desorcion. Para ello, se emplearon como materiales adsorbentes carbon
activado granular comercial (CAGC EBA 9), carb6on activado en polvo comercial
(CAPC IA 4) y la resina polimérica Amberlite XAD 4.

Las VM fueron caracterizadas fisicoquimicamente mediante la determinacion de pH,
color, demanda quimica de oxigeno, conductividad eléctrica, solidos totales y
disueltos, metales y concentraciéon de CF. Ademas, se realiz6 una caracterizaciéon
preliminar de los compuestos fendlicos mediante cromatografia en capa fina,
espectrofotometria UV Vis y el método de Folin Ciocalteu. La adsorcidn se evalué en
un sistema por lotes, considerando como variables la masa de adsorbente, el pH del

medio y la temperatura.

Los resultados indicaron que el CAGC EBA 9 present6 el mejor desempefio, con una
eficiencia maxima de adsorcién del 83.22%, en comparacion con el CAPC IA 4
(59.00%) y la Amberlite XAD 4 (59.14%). El analisis cinético mostré que el modelo de
pseudo segundo orden describié adecuadamente el comportamiento del proceso de
adsorcién bajo la mayoria de las condiciones estudiadas. En la etapa de desorcion, se
emple6 el CAGC EBA 9 utilizando distintos agentes desorbentes, se evalud etanol al
96% v/v, NaOH 0.1 M en etanol al 96% v/v y NaOH 1 M. Siendo el NaOH 1 M el mas
eficiente, con una recuperacion del 44.56% de CF. No obstante, la recuperacion parcial

evidencio que la adsorcidon no es completamente reversible.



En conclusion, los procesos de adsorcidn-desorcion evaluados representan una

alternativa viable para la remocion y recuperacion parcial de compuestos fendlicos en

vinazas mezcaleras, contribuyendo a la mitigacion de su impacto ambiental.

Palabras clave: vinaza mezcalera, compuestos fendlicos, adsorcion, desorcion,

carbén activado.



ABSTRACT

Mezcal vinasses (MV) are liquid residues generated during the mezcal production
process, whose inadequate disposal represents a significant environmental problem
due to their high acidity, elevated organic load, intense color, and the presence of
phenolic compounds (PC). The latter contribute substantially to the toxicity of the
effluent, making it necessary to develop efficient treatment processes and, if possible,

strategies for their valorization.

The aim of this study was to evaluate the removal and recovery of phenolic compounds
present in mezcal vinasses through adsorption and desorption processes. For this
purpose, the following adsorbent materials were used: commercial granular activated
carbon (CAGC EBA-9), commercial powdered activated carbon (CAPC 1A-4), and the
polymeric resin Amberlite XAD-4.

The MV were physicochemically characterized by determining pH, color, chemical
oxygen demand, electrical conductivity, total and dissolved solids, metals, and phenolic
compound concentration. In addition, a preliminary characterization of phenolic
compounds was carried out using thin-layer chromatography, UV-Vis
spectrophotometry, and the Folin—Ciocalteu method. Adsorption experiments were
conducted in a batch system, considering adsorbent mass, solution pH, and

temperature as the main variables.

The results indicated that CAGC EBA-9 exhibited the best performance, achieving a
maximum adsorption efficiency of 83.22%, compared to CAPC |A-4 (59.00%) and
Amberlite XAD-4 (59.14%). Kinetic analysis showed that the pseudo-second-order
model adequately described the adsorption process under most of the studied
conditions. In the desorption stage, CAGC EBA-9 was used with different desorbing
agents, including 96% v/v ethanol, 0.1 M NaOH in 96% v/v ethanol, and 1 M NaOH.
Among these, 1 M NaOH proved to be the most effective, achieving a phenolic
compound recovery of 44.56%. However, the partial recovery indicates that the

adsorption process is not completely reversible.
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In conclusion, the evaluated adsorption—desorption processes represent a viable

alternative for the removal and partial recovery of phenolic compounds from mezcal

vinasses, contributing to the mitigation of their environmental impact.

Keywords: mezcal vinasse, phenolic compounds, adsorption, desorption, activated

carbon.

Xl



