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HIGHLIGHTS

e Biosorption process of sodium dipyrone with industrial ash was efficient.
e The ash after biosorption has the potential to be used as filler.

e Application of the circular economy concept, with the reuse of waste in biosorption and cement
replacement in cement matrices.

Abstract: This research evaluated the use of industrial ash from eucalyptus chips in the biosorption of sodium
dipyrone with the subsequent, study of its potential in Portland cement matrix. The biosorbent was
characterized by the point of zero charge and the surface area. For comparison, before and after the
biosorption process, scanning electron microscopy, energy dispersive x-ray spectroscopy, and Fourier
transform infrared spectrometry were performed. Regarding the study of the potential of industrial ash after
biosorption (AAB), it was characterized by analyzing specific mass, moisture, loss on fire, and X-ray
fluorescence, as well as by X-ray diffraction, modified Chapelle, pozzolanic activity index with lime, and
performance index with cement, compressive strength, and tensile strength by diametral compression. The
biosorption tests were carried out in batch, it being possible to observe that at 298.15 K, 130 rpm, without pH
adjustment approximately 93% of commercial dipyrone was removed. The pseudo-second-order kinetic
model fitted better with the experimental data and the process was characterized as exothermic and
spontaneous. The chemical composition of ash and AAB showed a predominance of CaO followed by MgO,
without the presence of an amorphous halo. In the study of the filer effect, using cement pastes, both
materials showed favorable results. Thus, it is concluded that the industrial ash studied has the potential to
be applied as an alternative material in the removal of sodium dipyrone and for the replacement of cement in
the composition of cement matrices, due to the filer effect they presented.
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INTRODUCTION

It is necessary to pay special attention to contaminants of emerging problems, which must be constantly
studied and must be monitored to minimize global damage. Sodium Dipyrone is one of the most used drugs
in self-medication [1] and one of the most sold drugs in its different compositions and brands [2] so it is likely
that after being metabolized, they reach the treatment stations and need alternative treatment.

Adsorption, an alternative process in the treatment of effluents, consists in the bonding of a liquid phase
(solvent, usually water) containing a dissolved species, which is the adsorbate, to a solid phase referred to
as an adsorbent. When the used material is composed of some type of biomass, we call it biosorbent and
the process is called biosorption, an efficient and economical methods for the removal of contaminants with
low concentrations [3-4].

In the biosorption process, the biosorbent application is measured by its effectiveness and feasibility of
applying and it is related to characteristics such as the selectivity of the material; thermal and chemical
stability; favorable kinetic and transport properties for rapid sorption; mechanical resistance; high capacity to
be regenerated and low cost [5] and abundance.

The ash, residue from the burning of biomass in industrial boilers, has potential as a biosorbent, as it is
generated in large quantities and its destination generates costs for industries. Currently, one of the options
for the use of industrial ash is in agriculture as fertilizer, since has the action of correcting the soil due to its
alkaline pH; another option is to use ash as compost [6-7]. Other ways of using ash occur in civil construction,
as a viable alternative to reduce the amount of clinker in cement by the use of mineral additions, whether
with filler effect, pozzolanic additions, or cementing agents [8]; and as adsorbents, being a low-cost and
environmentally correct alternative for the treatment of industrial effluents [9], including the disposal of solid
waste, such as ash.

The economic model of circular production proposes the regeneration of the value of capital and not just
the extraction of this value, that is, it seeks a balance between the economy and the environment, combining
the efficiency and effectiveness of the entire production system [10]. Circular Economy is based on three
principles: 1. Preserve the value of natural capital, in order to control finite stocks and balance the flows of
renewable resources, extending the useful life of the product; 2. Optimize resource production, resulting in
limited, efficient and reduced use of primary resources, including waste collection, resource recycling, energy
recovery and use of renewable energy; 3. Foster the efficiency of the system, minimizing negative
externalities during the production and consumption cycle [11].

In this context, the present study aimed to evaluate the potential for removing the drug, sodium dipyrone,
using the industrial residue, eucalyptus chip ash, as a biosorbent. As well as the determination of the potential
of the material, after biosorption, for use as an addition in Portland cement matrices. This study combines
the concept of Circular Economy to reinforce and boost its foundations in the socioeconomic environment.

MATERIAL AND METHODS

Preparation of solutions, calibration curve and sample reading

Aqueous solutions were prepared by the dissolution of Sodium Dipyrone (empirical formula
Ci3H16N3sNaO4S.H.0.and molecular weight of 351.35 g mol?) in distilled water. The calibration curve was
obtained from the standard solutions (0—-100 mg L?), and the corresponding absorbance was obtained by the
High-Performance Liquid Chromatograph — HPLC (YL Clarity 9100).

The reading of the samples was performed, after the centrifugation process, in the HPLC equipped with
a pre-column, C-18 column (Phenomenex) and ultraviolet visible detector (UV-VIS), at 290 nm.

Biosorbent characterization

The biosorbent used in the tests (industrial ash) was provided by a Brewery in Ponta Grossa/PR. The
biomass was dried at 303.15 K in an air-circulating oven with air renewal.

Point of zero charge test (pHpcz) was performed to evaluate the charge on the biosorbent surface. It
was determined from samples containing 50 mL of sodium chloride (NaCl) solution (0.01 mol.L?), with the
pH adjusted from 1 to 13 + 0.1 and 0.15 g of biosorbent. After this, the final pH was determined, and data
were plotted for pHpcz determination.

To determine the surface area of the biosorbent, pore volume and average pore diameter (B.E.T method)
was employed a QUANTACHROME - Nova-1200 equipment with adsorption of N, at 77 K.
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Scanning Electron Microscopy (SEM) was used to study the morphology of the material. The samples
were prepared by depositing a thin layer of gold and palladium on their surface. Micrographs were obtained
at a voltage of 20 kV and 100 times magnification using Tescan, Vega 3 LMU.

To analyze the surface’s elemental composition of sample was used Energy-dispersive X-ray
spectroscopy (EDS), also using Tescan, Vega 3 LMU.

The samples were analyzed by the Infrared Spectrophotometer (FTIR), model IRPrestige-21 with diffuse
reflectance accessory, DRS-8000/Shimadzu. The analysis mode was % Transmittance, Number of Scans:
64, Resolution (cm™): 4, Minimum Interval (cm™): 400, Maximum Interval (cm™): 4000, by means of tablets
pressed with KBr.

X-ray fluorescence (XRF) was used to chemical characterization, with the energy dispersive X-ray
spectroscopy (EDX) method by the spectrometer model Rigaku ZSX Primus II.

X-ray diffractometry (XRD) was used to mineralogical characterization. The test was performed in a
Rigaku Ultima IV diffractometer. The mineral chemical phases were identified through comparison with the
ICDD (International Center for Diffraction Data) standards.

Experimental tests of biossorption

To determine the biosorption process, a set of tests was performed to determine the best-operating
condition (temperature, agitation and pH) to be used in the subsequent tests: kinetic test, equilibrium and
thermodynamic study. These tests were carried out with commercial samples of Dipyrone Sodium 1g
(Novalgina 1g - SANOFI) using 50 mg. L Dipyrone solutions.

Temperature effect test: this test was carried out at temperatures of 298.15, 308.15 and 318.15 K, lasting
6 hours and shaking at 130 rpm in a rotating shaking incubator (Tecnal, TE-240).

Agitation influence test: the test was performed at 65 and 130 rpm following the same methodology
described in the analysis of the temperature effect test.

pH influence test: samples were prepared in 50 mL of dipyrone solution with a concentration of
50 mg L. The pH adjustment was performed using concentrated solutions of HCl and NaOH in the ranges
of 1 to 13. Subsequently, the samples followed the methodology of rotation, centrifugation and HPLC reading
described above.

Kinect Test and Equilibrium Test

The kinetic test was performed to verify the time required to reach system equilibrium. This was carried
out under the optimal conditions defined from the operational tests performed previously. Samples were
analyzed at predetermined time intervals, between 0 and 1440 min (24h), which were centrifuged and read
in HPLC. The kinetic parameters were obtained by fitting pseudo-first order, pseudo-second order, Elovich
model and intraparticle diffusion kinetic models to the experimental data.

To evaluate the biosorption equilibrium, samples were prepared with concentrations between 10 and
500 mg L at optimal pH, they were kept in the incubator with rotating agitation at 298.15 K, shaking at 130
rpm, for the equilibrium time that was obtained from the kinetic test.

Thermodynamic study

Enthalpy, entropy, and Gibbs free energy were studied from the results obtained in the kinetic study. The
linear van’t Hoff equation provides the relation for determining these parameters as a function of temperature,
as expressed in equation (1).

AH® | AS° (1)
RT ' R

and =

Where AH° is the enthalpy (kJ mol?); AS° the entropy (kJ mol! K1); R, the universal constant of ideal
gases (8.314 J mol! K1); and T, the temperature (K).

Thus, AH° and AS° were determined by the graph of In K; versus 1/T, of the van’t Hoff equation. Finally,
the Gibbs free energy, AG® (kJ mol?), was calculated by equation (2).

AG° = —R.T.InK, @)

The Arrhenius Equation was also used, which expresses the rate constant as a function of temperature
and allows the determination of the activation energy, equation (3).
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Eq
In(K) = In(ka) — ®3)

Where E, = activation energy (J.mol?), k, = Arrhenius constant (g.mg-1.min), R = ideal gas constant
(8,314 J.mol?. K1) and T = temperature (K).

Potential in Portland Cement Matrix tests

The ash used in the biosorption tests was subsequently separated, by centrifugation, dried at 303.15 K
in an oven with circulation and air renewal, for 3 hours, for later use in the characterization tests.

Ashes after biosorption (AAB) characterization

Specific mass: for the analysis of specific mass, the method adapted from NBR 16605 [12] was used.

Moisture: to determine the moisture (U), the methodology suggested by the Mercosur NM 24 standard
[13] was used.

Modified Chapelle test: the modified Chapelle method aimeds to determine the pozzolanic activity of
materials through the content of fixed calcium hydroxide by the method described in NBR 15895 [14].

The biosorbent, after biosorption, was characterized by Scanning Electron Microscopy (SEM), Energy-
dispersive X-ray spectroscopy (EDS), Fourier transform infrared spectroscopy (FTIR), X-ray fluorescence
(XRF) and X-ray diffractometry (XRD).

Pozzolanic tests

Pozzolanic performance index: the pozzolanic performance index of AAB with Portland cement at 28
days was determined according to NBR 5752 [15].

Index of pozzolanic activity with lime: the pozzolanic performance index with lime was determined
according to NBR 5751 [16].

Study in cement paste with additions

For this study, cylindrical specimens of 20 x 50 mm Portland cement paste were molded, according to
the mixing and molding procedure adapted from the NBR 7215 standard [17]. Four replacements (5%, 10%,
15% and 20%) of ash and AAB were studied.

Compressive strength: using 4 specimens for each percentage of replacement of ash and AAB, the
compressive strength test was carried out, following the NBR 7215 [17].

Tensile strength by diametral compression: the tensile strength test by diametrical compression
consisted of compressing the cylindrical specimens along the axial plane, with the aid of a press, defined by
diametrically opposed generatrixes, coincident with the load application axis. The tensile strength by
diametral compression was calculated by equation (4), according to the NBR 7222 [18].

2.F
fct,sp = T.D.1 (4)

Where f. s, is the tensile strength by diametral compression (MPa), F is the maximum force obtained in

the test (N), D is the specimen diameter (mm) and [ is the cylindrical specimen length (mm).

Water absorption by immersion and void ratio: the absorption and void index tests were adapted from
the NBR 9778 standard [19].

The averages (before and after biosorption) were compared by the Tukey test at 5% level of significance
(p <0.05).

RESULTS

Biosorbent characterization

Point of zero charge test (pHpcz) is shown in Figure 1. The pHpcz found for industrial ash was
approximately 10.00.
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Figure 1. Point of zero charge test (pHpcz) of industrial ash.

Surface area of the biosorbent (Sgzgr), pore volume (p,) and average pore diameter (Pp)
Figure 2 shows the industrial ash adsorption/desorption isotherm.
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Figure 2. Adsorption and desorption isotherm of industrial ash.

The textural properties found for industrial ash by the BET method determined that the specific area
(Sger) Was 1924 m?/kg*, the pore volume (p,) was 0.004195 cm®/g* and the mean pore diameter (P,) was

4.361 nm.
Scanning electron microscopy: biomass micrographs before and after the dipyrone biosorption are

shown in Figure 3(a) and (b), respectively.
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(a) (b)

Figure 3. SEM of the industrial ash (a) before and (b) after biosorption, 200x magnification.

SEM spectra shows in Figure 4 the representative bands of the elements in it. Analyzes were performed
on ash before biosorption (a) and AAB (b).
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Figure 4. SEM of the industrial ash (a) before and (b) after biosorption.

FTIR analysis: Infrared spectra of industrial ash, before and after biosorption, are shown in Figure 5.
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Figure 5. FTIR of the industrial ash before and after biosorption.
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X-ray fluorescence (XRF): the chemical composition of industrial ash before and AAB, obtained by the
XREF test, is shown in Table 1

Table 1. Chemical composition of the ash before and AAB.

Chemical composition (%)

Material  Na,0 MgO Al,O; SiO, P,0s  SOs cl K:O CaO MnO Fe,0Os SrO  ZnO ATI‘k’:I*i'S
Ash 0.244 995 0964 220 345 0520 0508 599 7360 122  1.08  0.278 - 4.1854

AAB 0.233 9.46 2.27 4.05 4.13 0.463 0.129 1.14 72.30 2.32 2.49 0.596 0.0672 0.9831

X-ray diffractometry (XRD): Figure 6 shows the X-ray diffractograms of industrial ash and AAB.

Cc = Ash
— AAB

Cc = Calcite

C = Kaolinite

Q =Quartz

M = Magnetite

Q Fe = Iron oxide

C O = Calcium oxide

Intensidy (u.a)

Q

15 20 25 30 35 40 45 50 55 60 65 70 75
20

Figure 6. XRD of the industrial ash (a) before and (b) after biosorption
Experimental tests of biosorption

Temperature effect test and agitation influence test
Figure 7 (a) and (b) show the best removal conditions in terms of temperature and agitation, respectively.
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Figure 7. (a)Temperature effect test and (b) agitation influence test

pH influence test: Figure 8 shows the results in this test.
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Figure 8. pH influence test.

Kinect Test

To start the kinetic study, the behavior of dipyrone removal by the ash was observed over time, at
temperatures of 298.15, 308.15 and 318.15 K; then, kinetic models were used to evaluate the data. Figure 9
represents the observed behavior.
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Figure 9. Effect of contact time on biosorption at different temperatures.

The adjustment of the kinetic models to the experimental data was performed from the mathematical

software Origin 6.0 Demo and the parameters obtained by the models’ adjustment are shown in Table 2.

Table 2. Kinetic parameters and determination coefficients of adjustment of kinetic models.

Models Parameters

e =4713mg g~1; k; = 0.0967 min~!

R? =0.7928
qe = 4.714mg g~ %; k, = 0.3498 min~!

Pseudo-first order

Pseudo-second order

R*=1
a = 4563.773 mg g~ 'min!
f =3.1476 mg g 'min~!
qe = 4481 mg g~1; R?> = 0.7201

k; = 0.0694 mg g 'min®%; x = 3.164; R? = 0.2959

Elovich

Intraparticle diffusion

qe = 4.820mg g1

Experimental data

equilibrium time = 360 minutos

Equilibrium Test

With the variation of the initial concentration of the sodium dipyrone solution, the biosorption equilibrium
can be evaluated, since the equilibrium data of the amount of dipyrone in the solid phase (ge) and in the
liquid phase (Ce) are related to generate the isotherm balance, according to the results presented in Figure

10.
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Figure 10. Experimental results of biosorption of Sodium Dipyrone by industrial ash.

Thermodynamic study

The parameters of activation energy, Gibbs free energy, enthalpy and entropy were obtained by applying
equations 1 to 3. The equilibrium constants, k;, were determined from the values of g, and C, obtained from
Figure 10. The calculated parameters can be seen in Table 3.

Table 3. Thermodynamic parameters of biosorption of Sodium Dipyrone by industrial ash.

T (K) kg Ea (kJ /mol) AG° (k] /mol) AH° (kJ /mol) AS° (J/K.mol)
298.15 13.75 - 6.50

303.15 10.75 24.017 -5.99 -71.61 59.07
318.15 7.30 -5.26

Ashes after biosorption (AAB) characterization
Specific mass, Moisture and modified Chapelle

Table 4 presents the results of density, moisture and modified Chapelle of the ash before biosorption
and AAB.

Table 4. Specific mass, Moisture and modified Chapelle of industrial ash before and after biosorption.

Material Specific mass (g/cm?) Moisture (%) Modified Chapelle (mg Ca(OH)2/g sample)
Ash 2.20 2.21 52.78
AAB 2.23 3.96 111.21

Pozzolanic tests
Pozzolanic performance index and Index of pozzolanic activity with lime:

Table 5 shows the results of Pozzolanic performance index and Index of pozzolanic activity with lime of
industrial ash.
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Table 5. Pozzolanic performance index and Index of pozzolanic activity with lime.

Parameter % Substitution Results
. . Reference 18.80
Pozzolanic performance index (MPa)
Ash 17.41
) . I Reference 18.80
Index of pozzolanic activity with lime (MPa)
Ash 0.62

Study in cement paste with additions
Compressive strength, tensile strength by diametral compression, water absorption by immersion and void
ratio

Table 6 presents the results of compressive strength, tensile strength by diametral compression, water
absorption by immersion and void ratio.

Table 6. Compressive strength, tensile strength by diametral compression, water absorption by immersion and void
ratio of industrial ash before and after biosorption.

Ash AAB
Parameter — —
% Substitution Results % Substitution Results
Reference 24.88 Reference 24.88
5 21.38 5 21.13
Compressive strength (MPa) 10 20.54 10 17.90
15 21.06 15 19.43
20 19.34 20 15.16
Reference 7.16 Reference 7.16
) ) ) 5 5.02 5 2.01
Tensile strength by diametral compression ) 347 0 178
(MPa)
15 5.09 15 1.45
20 3.28 20 1.64
Reference 16.30 Reference 16.30
5 19.30 5 17.80
Water absorption by immersion (%) 10 21.70 10 20.10
15 17.60 15 20.30
20 19.60 20 21.70
Reference 14.00 Reference 14.01
5 16.10 5 15.10
Void ratio (%) 10 17.70 10 16.70
15 14.90 15 16.80
20 16.30 20 17.80
DISCUSSION

From the experimental data (Figure 1), it is observed that the PCZ found for industrial ash was
approximately 10.00. With the pH tests, a pH of 7.30 was obtained for the sodium dipyrone solution and a
pH of 11.96 for the sodium dipyrone solution with industrial ash. With these data, the pH > PCZ, which
indicates that the solid adsorbent is negatively charged in the solution, as the pH is higher than the PCZ, and
that it may interact with positive metallic species [20].

The results obtained studying surface area of the biosorbent (Szzr), pore volume (p,) and average pore
diameter (P,) agree with the ranges found in comparison with the referenced works, considering the
variability that the ashes have. The material studied can be classified as mesoporous (P,) between 2 nm and
50 nm) [21], which is in accordance with the isotherm obtained in Figure 2, which can be classified as a Type
5 Isotherm, characteristic of this material classification.

At Scanning electron microscopy, it is possible to observe the irregular shape of the particles, as well as
a great surface roughness. Such characteristics were also observed in wood ash micrographs [22]. A greater
presence of pores is observed in Figure 3 (a) when compared to Figure 3 (b), such occurrence can be justified
by the fact of the effective biosorption of sodium dipyrone by the ash, which corroborates the definition of
good biosorbent materials.
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Analyzes were performed in SEM spectra (Figure 4), on ash before biosorption (a) and AAB (b). It is
possible to observe the predominance of the elements Calcium (Ca), Oxygen (O2), Carbon (C), Magnesium
(Mg) and Potassium (K) in the ash before the biosorption and in the AAB it is also observed the predominance
of the element Calcium (Ca), followed by the presence of Oxygen (O:), Carbon (C) and Magnesium (Mg).

The results of FTIR spectra of industrial ash, before and after biosorption shows the functional groups
that stand out are the stretching of OH- at 3642 cm?, the vibrations related to "CH3 at 2981 cm™ and to ‘CH;
at 2865 cm, the stretching at 1797 cm™ which is due to the C=0 bond, the presence of calcium carbonate
(calcite) at 870 cm™, 1424 cm™ and 2514 cm-1 [23-24] and the stretching at 710 cm™, resulting from a
deformation in the plane (O-Si-O).

It is observed that the compound with the highest percentage is Calcium Oxide, followed by Magnesium
Oxide in X-ray fluorescence (XRF) analysis, such compounds were identified in previous analysis.

X-ray diffractometry (XRD) was carried out to determine whether the additions have an amorphous halo
in their diffractograms, which is characteristic of pozzolans, given that the reactivity of the addition is related
to the amount of material that is in the amorphous state [25]. Analyzing the diffractogram peaks, it is observed
that the main crystalline phase existing in the in industrial ash and in the AAB is calcium carbonate, confirming
the results obtained in the XRF and SEM analyses; there are also amounts of quartz, kaolinite
(Al2Si205(0OH)a4), magnetite (Fe3Oa), iron oxide (Fe203) and calcium oxide (CaO). CAB also did not present
amorphous halo, so, considering this test, it is not possible to attribute pozzolanic potential to the material.
Small variations are observed in the structures found when comparing the materials studied, that is, the
mineralogy is basically the same. When the crystalline structures are well defined and stable, it can be said
that there is no pozzolanic activity in the materials [26].

For the experimental tests of biosorption at the temperatures analyzed (298.15, 308.15, and 318.15 K)
it was observed that the best removal of dipyrone occurred with the process at 25°C and obtained a value of
86.05% removal (Figure 7 (a)). It is observed that for all evaluated temperatures, the behavior was similar.
The study to evaluate the influence of agitation was carried out by evaluating the percentage of dipyrone
removal at values of 65 rpm and 130 rpm (Figure 7 (b)). From the result obtained, it can be noted that the
agitation of 130 rpm promotes a higher percentage of removal in the process, a fact that can be associated
with the greater surface contact area achieved during the agitation of the solutions. The pH influence test
(Figure 8) observed that the best removal percentages are in the range from pH 11 to pH 13, with the highest
removal being found at pH 12 (92.55%). Based on these results, and to avoid changes in the solution
regarding its pH, the use of dipyrone solution without pH change was adopted.

In the Kkinetic study, a rapid removal of dipyrone by the ash was obtained in the initial minutes, where in
approximately 10 minutes there was already a removal of around 85%. It is also noted that this rate became
slower until reaching equilibrium (360 minutes) and removal of 93.23% was obtained. Other dipyrone removal
systems obtained removal of 70% (removal with activated carbon) [27], 80% (heterogeneous catalysis using
TiO2/UV) [28] and 50.36% (UV-vis with pH variation) [29]. Thus, it is noted that the efficiency achieved in this
work is significant.

The adjustment of the kinetic models to the experimental data and the parameters obtained show that
the model that best fitted the data obtained was the pseudo-second order model, with correlation coefficient
R? = 1. In this model, it is known that the limiting step of the biosorption process is chemisorption and that
there is the involvement of forces of sharing or exchange of electrons between the sorbate and the sorbent
[30].

At the equilibrium test, the behavior of a linear isotherm is observed. The linear isotherm is observed
under conditions in which the number of active sites remains constant over the entire range of solute
concentrations until substrate saturation. This means that the surface available for adsorption expands
proportionally with the amount of solute adsorbed [31].

And about the thermodynamic study, the activation energy value obtained was 24.017 kJ mol?, which
classifies the biosorption process as physisorption (Ea value between 5 to 40 kJ mol™).

The increase in AG® values with increasing temperature indicates that adsorption is more favorable at
lower temperatures. In addition, negative values of Gibbs free energy indicate that the process occurs
spontaneously, so the more negative AG® is, the easier the contaminant removal process is [32].

The negative value related to the enthalpy variation (AH® = -71.61 kJ mol?) reveals that the interaction
between the active sites of the ash particles with sodium dipyrone is exothermic in nature. As the value
obtained is less than 40 kJ mol?, the process presents physisorption characteristics, which possibly occur
through Van der Waals bonds [34]. This fact indicates that the lower the temperature, the greater the
biosorption efficiency, a fact confirmed by the temperature influence test and kinetic test.

Brazilian Archives of Biology and Technology. Vol.67: €24220785, 2024 www.scielo.br/babt


https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=2ahUKEwjY_IyMpJjfAhXBqZAKHdazDawQFjAAegQIAxAC&url=http%3A%2F%2Fwww.scielo.br%2Fbabt&usg=AOvVaw08BojU0LuZNEI4C434jTD4

Lascosk, L., et al. 13

And about entropy, the positive value found for entropy (AS°® = 59.07 J K'* mol?) indicates an increase
in entropy due to adsorption, meaning an increase in randomness at the solid/solution interface, due to
changes in the adsorbate and in the adsorbent, and the affinity of the adsorbent for the adsorbate [34].

In the tests that characterized the AAB after the biosorption process, the value of the specific mass of
the ash before and AAB were close to each other, 2.20 g cm-® and 2.23 g cm-3, respectively. Some studies
found specific mass values for eucalyptus chip ash between 1.12 g cm-2 [35] to 2.81 g cm-3 [36].

The values for the moisture of industrial ash are within the requirement required by NBR 12653 [37]
which guides that the moisture of pozzolanic materials must be less than or equal to 3%; the AAB exceeded
the value required by the standard and can be classified as a filler.

To be considered a pozzolanic material, from the point of view of the Modified Chapelle test, it is
necessary that the material present 330 mg CaO/g pozzolan, which corresponds by stoichiometry to 436 mg
Ca(OH)./g pozzolan [38]. It is observed that both ashes do not meet the requirement to be considered
pozzolanic material, because in their composition there is no amorphous silica and aluminum available to
react in a pozzolanic way.

At pozzolanic test, the average presented by the reference was 17.14 MPa and the material obtained a
satisfactory result. But for the material to be considered pozzolanic, it must have a compressive strength = 6
MPa [39]. It can be seen from the result obtained that the industrial ash had a result below the minimum limit
designated by the referred standard.

At the study in cement paste with additions, the percentage of replacement that showed the best result
was in the replacement of 5% and 15% for the ashes and the AAB, since there is no statistical difference
between the values obtained. Although the percentage of replacement exceeds the value that the regulations
suggest for replacement (25%) [39], with the data obtained, it was found that a total replacement of 30% is
also possible, since it did not compromise the strength of the materials.

The results obtained suggest, as well as for the water absorption by immersion and for the void index,
that the studied substitutions resulted in relatively higher values compared to the specimens without addition
due to the specific mass of the materials; with this, it can be concluded that cement matrices with higher ash
contents tend to be more porous, which justifies the higher absorption values.

The ash, which can be used as filler, is an economically viable solution [40], as it the disposal of ash in
civil construction is considered cheap and environmentally clean [41].

CONCLUSION

The industrial ash studied proved to be efficient in the biosorption process of Dipyrone Sodium in
agueous solution, the process performed better at 25 °C, 130 rpm, without pH adjustment, for 360 minutes,
with 93.23% of commercial dipyrone removed. It is emphasized that the ambient temperature and the
absence of the need to adjust the pH, makes the industrial application more favorable and the process
friendlier, since there is no addition of reagents to adjust the pH and neither the energy expenditure to
increase the temperature.

The ash and the AAB had a satisfactory performance in the study of the filer effect, through substitutions
in cement pastes. Thus, their respective uses are promising in the partial replacement of cement in the
composition of cement matrices, with the replacement of 10% or 15% being the replacements with the best
performance in the properties analyzed.

The circular economy is based on the reuse of waste, in which wastes are inputs to produce new
products. In this work, it was found that the ash studied was successful in the biosorption process, removing
the sodium dipyrone present in aqueous solution and, also, that the ash can be used as a filler in the
cementitious replacement in cement matrices. It is observed the valorization of this residue, since it was used
in the treatment of liquid effluent and, later, used as an input in the production of a new product, with
cementitious characteristics.
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