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Abstract
The textile sector has great relevance in the Brazilian socioeconomic context, generating large volumes of effl  uents of varied composition, with 

dyes being one of the most worrying contaminants due to their characteristics of high solubility, harmfulness and low degradability. Among them the 
Reafi x Yellow B8G (ARB8G) dye has an azo nature, harmful to organisms in the aquatic environment. According to Brazilian laws, it is recommended 
to dispose of waste through incineration or landfi ll, due to its resistance to biodegradation. One of the methods for treating effl  uents is the adsorption 
of contaminants using materials with adsorption capacity, such as residue from the burning of biomass in boilers (ash). The general objective of this 
work was to evaluate the adsorption kinetics by contact time of the ARB8G dye by boiler ash. The test was based on mixing the adsorbent material 
with a dye solution at 75 mg.L-1, at constant temperature and stirring at diff erent time intervals. To quantify the amount of adsorbed dye, the UV-Vis 
spectrometry method was used. The kinetic test indicated an equilibrium time of 30 minutes, with 100% removal under the tested conditions. From 
this result and considering that boiler residue is an underutilized and low-cost material, it is concluded that this substance has signifi cant potential to 
be applied as an alternative material for the treatment of effl  uents containing dyes.
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Introduction 
Since the industrial revolution, technologies and innovations 

in industrial processes have experienced signifi cant growth, 
providing the development of quality products on a large scale, 
in addition to generating jobs and growing the world economy. 
However, combined with this, concern arose about how the waste 
generated in the process would be treated, leading to a discussion 
about environmental impacts and how they aff ected human health. 
Therefore, the United Nations (UN) included in the Sustainable 
Development Goals (SDGs) and in the 2030 Agenda goals to 
guarantee sustainable consumption and production patterns 
through the Circular Economy with prevention, reduction, 
recycling and reuse actions for the waste [1]. 

In this context, the waste studied in this work is the ash generated 
by the burning of biomass in industrial boilers and, generally, its 
main destination is industrial landfi lls. However, some types of ash 
may contain high levels of unburned carbonaceous material with 
high porosity, providing the residue with adsorbent characteristics 

and being able to remove contaminants of a toxic nature [2] such 
as Reafi x B8G Yellow dye. 

According to the Chemical Product Safety Information 
Sheet [3], the Reafi x B8G Yellow dye is azo in nature, harmful 
to organisms in the aquatic environment, and may cause long-
term adverse eff ects. Therefore, it is recommended to dispose 
of waste through incineration or landfi ll, due to its resistance to 
biodegradation. 

When effl  uent contaminated with dyes is discarded without 
treatment into water bodies, they alter the physical-chemical 
properties of the environment. The dyes present impair light 
penetration, compromising photosynthesis and consequently the 
amount of dissolved oxygen [4]. 

Thus, considering the need for new applications for waste 
originating from industrial processes combined with the concepts 
of Circular Economy and the SDGs, this study proposed the 
evaluation of ash produced by the burning of biomass as an 
adsorbent material for the Reafi x B8G Yellow dye. 
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Materials and methods 
Adsorption was evaluated by the amount of yellow dye adsorbed 

per contact time with the residue. The analyzes were carried out 
in triplicate at each time point and consisted of adding 0.15 g of 
activated carbon to 25 mL of dye solution with a concentration 
of 75 mg.L-1. The dye used was provided by the company AGS 
Química and the aqueous solutions were prepared by dissolving 
the solid dye in distilled water. 

The test was carried out in a thermostatic shaker, under agitation 
of 130 rpm and a temperature of 30 ºC at constant pressure. After 
the contact time, the samples were centrifuged at 3000 rpm for 
10 min, then they were subjected to Visible Ultraviolet (UV-Vis) 
spectrometry at wavelength 425 nm, based on the study by Silva 
[5] who used the same dye in her study. Using the absorbance 
values, the concentration of dye remaining in the sample was 
calculated and consequently the amount of dye adsorbed per gram 
of activated carbon. 

Results and discussion 
The results obtained in the kinetic test conducted at the natural 

pH of the solution (5.84) are represented in Figure 1. 

Considering the information contained in the graphs, dye 
removal is more accelerated in the fi rst moments, obtaining 90% 
removal in the fi rst 15 minutes and 100% after 30 minutes. 

From the experimental results, it is noted that adsorption is 
faster at the beginning, followed by slow sorption until reaching 
the equilibrium period. This behavior is observed in studies such 
as Hawerroth [6], in which approximately 70% of the yellow dye 
is removed in the fi rst 10 minutes using a mineral byproduct from 
the detonation of granite rocks as an adsorbent. 

Silva [5] in his study found similar results for dye removal with 
malt pomace using the same contact time method but varying 
the temperature. The method proved to be effi  cient and found 
30 degrees Celsius as the optimal adsorption temperature where 
removal was 72.5% in 15 minutes. 

This can be explained by the relationship between the number 
of empty sites on the surface of the adsorbent material and time. At 
the beginning of the adsorption process there is a greater number 
of empty sites that are available to be fi lled, and over time this 
ratio decreases, generating repulsion and making the adsorption 
process diffi  cult [7]. 

According to Raganati, et al. [8] fast kinetics is important from 
an industrial point of view as it enables the use of smaller volume 
reactors, promoting reduced operational costs and high effi  ciency. 

Conclusion 
The kinetic test showed that the ash analyzed reaches 

equilibrium in 30 minutes, removing 100% of the dye, proving to 
be very effi  cient for this purpose. Considering that boiler residue 
is an underused and low-cost material, it is concluded that this 
substance has signifi cant potential to be applied directly to the 
adsorption of dyes in effl  uents. 

For best results it is necessary to test the infl uence of pH and 
temperature, as these conditions directly infl uence the adsorption 
process. Furthermore, it is interesting to carry out the kinetic 
evaluation of adsorption using real industrial effl  uents that contain 
dye in their composition. 

The results show that the residue from burning biomass to 
generate energy can be reused in the treatment of effl  uents with 
dye. This directly aligns with the concept of a circular economy 
that uses waste as an input in a new production process.

Figure 1: Adsorption kinetics of Reafi x B8G yellow dye solution (75 mg.L-1) in the presence of boiler ash (0.15 g). The data were obtained keeping the experimental 
conditions constant, varying only the contact time between the phases.
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