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The sorption of pollutants present in watery solutions is an advantageous alternative in relation to the common treatment of effluents, since it reduces the need for techniques that involve the generation of sludge. In the case of biosorption, the sorbent materials generally are of low cost and can be waste or industrial by-products of natural origin. Therefore, the objective of this work was to evaluate the biosorption of the Yellow Reafix B2R 134% dye using a by-product of the brewing industry (malt bagasse) as biosorbent from the analysis of the influence of contact time, temperature and obtaining of the thermodynamic parameters in batch system. The results pointed a similar behavior for the three working temperatures evaluated. The removal process was considered endothermic (13.3822 kJ mol-1), with increase of the solid/liquid interface disorder during the biosorption (0.0468 kJ mol-1 K-1), spontaneous (-874.15 to -1818,24 kJ mol-1) and with activation energy of 35.64 kJ mol-1, what characterizes a sorption of the physical type. In general, the results show that in front of the thermodynamic aspects the malt bagasse has potential in the treatment of effluents containing reactive yellow dye.
Introduction

The discharge of dyes in water is associated with various productions, such as textiles, paper, plastics and leather. As a result, water contaminated with dyes has become a major environmental concern (Caprariis et al., 2018). Among the methods used to treat this effluent are the sorption processes, which basically consist of transferring the dye from the liquid form to a residue which occupies a much smaller volume in the solid form. When well designed, the sorption processes have high efficiency and attractiveness, especially when using low cost sorbent materials. 
Since there are several agroindustries in Brazil that manufacture basic products, many solid wastes are generated (Rubio et al., 2018). One of the solid residues generated in large quantities is the malt bagasse, from the beer making process. Usually this residue is used in animal feed, but due to its high moisture content, it requires special logistics as it can spoil quickly.
Therefore, the aim of this work is to evaluate the biosorption, which is a type of sorption process characterized by the use of low cost solid residues as biosorbents, of the dye from textile industries Yellow Reafix B2R 134% (YR-B2R) using malt bagasse as biosorbent, considering the influence of contact time, temperature and thermodynamic parameters in a batch system.
For the design and use of biosorption processes is necessary the prior knowledge of parameters such as: residence time, work temperature and characteristics of interaction between the species of the system (sorbent and biosorbent) (Ho e McKay, 1999). The residence time refers to the contact time required for the removal of the pollulant by the sorbent to be effective (generally this time is called equilibrium time). The work temperature, in its turn, influences the distribution of equilibrium in the system, since it affects the attraction and repulsion forces between the molecules. For this reason, it is an important operational condition to be established. Already the energy of interaction between the species of the system will indicate the possibility of recovery of the pollutant and regeneration of the biosorbent. These are important considerations in sorption processes, since it aims at the possibility of reuse of the materials and not only the transfer of the pollutant to a new phase, whit the consequence of generation more waste (Marin et al., 2015).
The analysis of the biosorption process at different temperatures is important to know if there is a significant difference in the final result, considering whether the expenditure necessary to rise or not the temperature would be viable in relation to the cost-benefit. In addition, the thermodynamic analysis allows the determination of parameters such as: enthalpy, entropy, Gibbs free energy and activation energy. Using for this the van’t Hoff linearized equation, sorption equilibrium constant, thermodynamic relation and Arrhenius equation.
Therefore, the objective of this work is to evaluate the influence of temperature on the removal of Yellow Reafix B2R dye in aqueous solution, as well as to obtain the thermodynamic parameters: enthalpy, entropy and Gibbs free energy. And with these data get the minimum energy required for sorption to occur, called activation energy.
Materials and Methods
Biomass preparation
The biosorbent selected for the trials was the malt bagasse, shown in Figure 1. The biomass was supplied by a microbrewery located in the region of Ponta Grossa/PR. Due to the high moisture content on receipt, the biomass underwent a drying process at 303 K in a greenhouse with renovation and circulation of air for 96 hours. After drying, the residue was ground in a macro knife mill to obtain particles of homogeneous sizes.
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Figure 1: Malt bagasse
Solutions preparation and calibration curve
The sorbate used in the tests, YR-B2R presented in the Figure 2, is a textile dye of the reactive class. The synthetic solution were prepared from the dissolution of the dye in distilled water and the pH adjusted by the addition of aliquots of acid (HCl) and basic solutions (NaOH). In order to quantify the dye concentration in solution used the calibration curve, prepared from standard solutions dye (12.5 to 100 mg L-1) and the corresponding absorbances when subjected to readings in Ultraviolet-Visible (UV-Vis) in spectrophotometer. The readings in UV-Vis were performed at 410 nm, corresponding to the higher wavelength of the solution of YR-B2R.
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Figure 2: Yellow Dye Reafix B2R 134%
Biosorption assays
The biosorption in batch system consisted of contact between 0.30 g of biosorbent (malt bagasse) and 50 mL of sorbate (YR-B2R) at 75 mg L-1. Based on previously studies performed (Zanutto et al., 2015), the operating conditions were established. Samples were adjusted to pH 2, maintained under shaking at 130 rpm in a rotary shaking incubator. After determined contact time, aliquots of the samples were centrifuged at 3000 rpm for 10 minutes. Then the dye concentration was obtained from the UV-Vis readings and the calibration curve. The amount of sorbate removed by the biomass was calculated by Equation 1.

	
	(1)



Being qe the amount of sorbate in the solid phase (mg g-1), V the volume of solution (L), ms the mass of biosorbent (g), C0 and Ce the initial concentration and of equilibrium of the dye (mg L-1), respectively. The efficiency of the malt bagasse in the biosorption was determined by the removal percentual, as represented by Equation 2.

	
	(2)



The amount of sorbate removed was evaluated in different contact times (0 to 1440 minutes), in the temperatures of 303.15, 313.15 and 323.15 K. Figure 3 represents a schematic for the biosorption assay realized in batch.
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Figure 3: Schematic for the biosorption assay
Results and Discussion
Influence of contact time and temperature on removal
The removal obtained of YR-B2R by the malt bagasse in function of contact time can be observed in Figure 4. The experiments were done in triplicate and the standard deviation is indicated at each point in the figure.
The behavior for the three working temperatures (303.15, 313.15 and 323.15 K) was similar. In the initial instants the sorption was fast, with 65, 76 and 80% in the first 15 minutes. It was followed by a slower period until reached equilibrium of the system in 360 minutes (6 hours), with removal of 93, 90 and 92%, respectively.
	


Figure 4: Effect of contact time and temperature on YR-B2R removal by malt bagasse
It was verified that for the evaluated bands the temperature did not cause significant influence. This fact allows the use of the technique in lower temperature conditions, aiming at lower energy consumption, without harm the efficiency of the treatment. In the same way that the fast sorption in the initial instants favors the application of the technique in industrial systems, where the levels required for treatment are reasonable and fast. In the works developed by Fontana et al. (2015) and Rafael (2016) using the malt bagasse, the same behavior was observed, with the equilibrium time reached in 150 minutes and 32 hours for the dyes Orange Solimax TGL and Black Reafix Super 2R, respectively.

Thermodynamic Evaluation
The biosorption of the YR-B2R dye by malt bagasse in different temperatures makes it possible to obtain the thermodynamic parameters associated to the removal. The equations presented in Table 1 were used to determine the enthalpy ΔHºads (kJ mol-1), entropy ΔSºads (kJ mol-1 K-1) and Gibbs free energy ΔGºads (kJ mol-1). These parameters were obtained by the linear relation between ln kd versus 1/T of the van’t Hoff equation (Khattri and Singh, 1999). 
Table 1: Relations to obtain the thermodynamic parameters
	Relations
	Equation
	Plot

	Van’t Hoff linearized equation
	
	(3)
	 vs. 

	Sorption equilibrium constant
	
	(4)
	

	Thermodynamic relation
	
	(5)
	



Being T the temperature (K) and R the universal constant of gases (8.314 J mol-1 K-1). The amount of sorbate removed and the dye concentration remaining in the fluid phase (qe e Ce, respectively) corresponding to the equilibrium time can be seen in Table 2. The calculated thermodynamic parameters are also shown in this table.

Table 2: Equilibrium and thermodynamic parameters
	Temperature (K)
	qe (mg g-1)
	Ce (mg L-1)
	 kd (L g-1)
	ΔH°ads (kJ mol-1)
	ΔS°ads (kJ mol-1 K-1)
	ΔG°ads (kJ mol-1)

	303.15
	11.1315
	7.8691
	1.41
	13.3822
	0.0468
	-874.15

	313.15
	11.2874
	7.1626
	1.58
	
	
	-1184.12

	323.15
	11.4652
	5.8272
	1.97
	
	
	-1818.27



According to the results, the positive value of the enthalpy indicates that the biosorption ocurred by an endothermic process, that is, the increase in temperature favored the removal. The positive value for entropy indicates that the distribution of sorvate in the biosorbent (solid phase) is more disorded than the distribution in solution (Esmaeli et al., 2013; Gupta and Rastogi, 2008; Qaiser et al., 2009). The decrease of Gibbs free energy point a spontaneous and favorable process, indicating that the biosorption does not require any external energy to occur (Paiva et al., 2014). In addition to these parameters, it is also possible to determine the activation energy, Ea (kJ mol-1), which refers to the minimum energy for sorption to occur. To determine it, it is necessary to use the Arrehnius equation and to have knowledge of the kinetic constants, k (g mg-1 min-1), referring to each working temperature. These constants are obtained from the adjustment of kinetic models to the biosorption data at different contact times. For the removal of the YR-B2R dye by malt bagasse (under the same operating conditions presented in the present study) the biosorption rate is best represented by the kinetic model of pseudo-second order (Zanutto et al., 2015), which provides the kinetics constants shown in Table 3.
Table 3: Kinetic constants and equation for the activation energy
	Arrhenius equation
	Equation
	k (g mg-1 min-1)
	Plot

	
	
	303.15 K
	313.15 K
	323.15 K
	

	
	(6)
	0.01758
	0.03631
	0.04193
	 vs. 



Since A is the Arrhenius constant (g mg-1 min-1), the linear relation between ln k versus 1/T gives the activation energy of 35.64 kJ mol-1. According to Aksu and Tezer (2005), sorption of the physical type involves weaker binding forces between species (sorbate and biosorbent) com Ea of 5 to 40 kJ mol-1. While in chemical sorption the interaction between the species is of a stronger nature (Ea of 40-800 kJ mol-1). Therefore, for the present study an indicative of physical sorption is verified. This fact allows the recovery of sorbate and regeneration of the biosorbent without the need for higher energy levels for desorption, because it involves weaker interactions between species (Banerjee e Chattopadhyaya, 2017).
Similar parameters were also identified by researchers who used alternative materials in the biosorption of textile dyes. As for example, Banerjee and Chattopadhyaya (2017) and Sheufele et al. (2016), who used sawdust powder and sugarcane bagasse in the removal of the dyes Yellow Acid 23 (Tartazine) and Blue Reactive 5G, respectively.
Conclusions
The biosorption of YR-B2R by malt bagasse presented high removal even at the initial moments of contact, with 65, 76 and 80% in the first 15 minutes, for the temperatures of 303.15 K, 313.15 K and 323.15 K, respectively. Followed by a slower period until catch up the system equilibrium in 360 minutes (6 hours), with removal of 93, 90 and 92%, respectively. The temperature did not offer significant influence in the removal, with this, smaller energy conditions can be used without compromising the biosorption efficiency. The process presented an indicative of endothermic biosorption, spontaneous and favorable, with increased randomness in the solid-solution interface. The sorption can also be characterized as physical, which favors dye recovery and biomass regeneration without the need of high energy levels. In this way, it is verified that the malt bagasse in front of the thermodynamic aspects has potential in the treatment of effluents containing reactive yellow dye.
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Samples: Rotating shaker: Concentration quantification:

0.30 g of malt bagasse Contact time: 0 to 1440 min (24 h) UV-Vis 410 nm
50 mL of YR-B2R solution Temperature: 303.15,313.15e 323.15K Calibration curve
Evaluation:

« Influence of contact time;
* Influence of temperature;
* Obtaining thermodynamic parameters.
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