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Concrete slurry waste is a material removed from sedimentation tanks that receive water used
to wash concrete mixer trucks and patios of concrete batching plants (CBP). The objectives of this
study were to determine the chemical composition of this residue from three different producers,
in three consecutive months and at different collection points using wavelength dispersive X-ray
fluorescence, investigate the inconstancy of content through analysis of variance, compare the
qualitative and quantitative results with the literature and discuss the possibility of inserting the
material in the proposal of different authors. Twenty-two oxides and elements were identified;
among them, five showed their incidence in a punctual way. The analysis of variance showed that
there are significant differences in the concentration of components between batching plants, months
and collection points. The comparison with the literature showed that CaO, Al,O; and SiO, are
the majority, both in the samples under study and in the samples from different authors. However,
the average amounts of CaO are higher in the waste sludge from the concrete batching plants in
question and, consequently, if this material were reused in the same proposals as the authors, the
products would possibly present different characteristics and performance.
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Introduction

Concrete batching plants (CBP) generate several types
of waste, such as remnants and fresh concrete ballasts,
washing water and residual sludge. The production of the
latter occurs when the solids suspended in wastewater
(derived from the washing of the concrete mixer trucks
and the yard) are deposited at the bottom of tanks, after a
sedimentation process.' This residue has high water content,
and the resulting fines consist of hardened cement, fine
aggregate and a small portion of coarse aggregate.?

Periodically, the volume of residual sludge is dredged
from the sedimentation tanks, disposed of in drying bays
and then sent to landfills.> However, this approach is not
an environmentally sustainable option due to energy
consumption and CO, emissions associated with transport

*e-mail: jessi_raissa@hotmail.com
Editor handled this article: Maria das Gragas A. Korn (Associate)

and handling. In addition, studies report that dry waste can
still have high levels of trace metals that do not meet the
criteria for accepting inert waste in landfills.? Indiscriminate
disposal can cause harmful effects on the environment and
human health due to its high alkaline content.*

Within the context of reusing this waste, the literature
presents some research developed in different applications.
Most studies are focused on the incorporation of waste in
new concretes, as binders or fillers, and on the replacement
of aggregates.>*>6

There is still research directed towards applications in
glass-ceramic components;’ geopolymer;® road bases or
concrete filling;>!! absorbent of chemical products, such
as CO, capture, phosphorus recovery, water clarification
and so on.'*"”

The purpose of this work is to determine the qualitative
and quantitative chemical composition of waste from three
different producers, in three consecutive months and at
different collection points through wavelength dispersive
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X-ray fluorescence (WD-XRF). Then, designate the
possible origins of the elements and oxides found in the
residues, investigate the inconstancy of their concentrations
through analysis of variance (ANOVA) and compare
the data with the literature, considering the proposals of
different authors. The present study also points out possible
promising applications that have not yet been explored, in
order to value the waste.

Experimental

The study began with the collection and preparation
of samples from the sedimentation tanks of the concrete
batching plants. Then, the chemical composition was
determined using WD-XRF, which was divided into two
aspects: qualitative and quantitative. For the first aspect, the
possible origins of the identified elements and oxides were
discussed. For the quantitative aspect, the concentrations
of each constituent of all the samples were submitted to
statistical analysis in order to investigate the inconstancy of
the content. First, the significant variability of the means of
elements and oxides inside the sedimentation tank of each
CBP was verified, comparing the collection points with
each other. The analysis continued with the comparison
between the means of oxides by months of collection, again
by CBP. Finally, a comparison was made between the CBP,
considering the mean of all collected samples.

After the statistical analysis, the total means of the
elements and oxides of each CBP were compared with the
data found in the literature for the same type of residue.
Finally, possible promising and unexplored applications
for the residual concrete slurry were presented, considering
the chemical composition studied. More details of the work
steps are described in the sections below.

Sample collection and preparation

The residual slurry samples were provided by three
different CBP in the city of Manaus, called CBP K, CBP S
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and CBP P. The collection in the sedimentation tanks was
carried out at three different points (Figure 1), once a
month and for three consecutive months: July, August, and
September of 2020, titled as month 7, 8, and 9, respectively.

The samples were collected in a humid state and dried
in an oven (CIENLAB, model CE 220/81, Campinas,
Brazil), at 105 °C for 24 h, according to the literature.'!”
After drying, the material was macerated, with the aid of
a porcelain pestle, and manually sieved, separating for use
the volume passing through the ABNT No. 100 sieve (mesh
opening of 150 um), in order to ensure a narrow distribution
particle size for the characterization analysis.

For data control, the samples received unique
identifications that included the initial of the concrete
batching plant (K, S or P), the month of collection (7, 8
or 9) and the collection point in the sedimentation tank
(A, B or C). For each point, 8 microcentrifuge tubes were
reserved, totaling 216 samples.

For each sample, with the aid of a 10,000 kgf press, pellets
of fine powder were prepared with uniform granulometry,
whose composition presents 1.000 g of the sample,
homogenized in an agate mortar and pestle with 4.000 g of
high purity H;BO; (Merck > 99%, Sdo Paulo, Brazil). All
samples were analyzed in eight replicates to provide more
consistent response repeatability and application in the
analysis of variance between measurements.

It should be noted that the samples were used dry and in
powder form because the moisture that was presented could
influence the WD-XRF analysis. In addition, heterogeneous
samples with inadequate surfaces are obligatorily pre-
treated and analyzed in pellet format.'®

Data collection by WD-XRF

The analyses were carried out in a XRF instrument
(Rigaku, supermini model, Wilmington, USA) using wave
dispersion (WD-XRF) and a palladium tube, exposure
time of 200 s, with a power of 200 W. The conditions were
adjusted, considering the sample matrix, the sample holder,

Figure 1. Sedimentation tanks, (a) CBP K; (b) CBP P and (c) CBP S. Collection points: (A) tank inlet, (B) tank middle and (C) tank outlet.
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and the sample support. All elements were identified by
their Ko and/or Kf3 energies.!® Analyzer crystals LIF 200,
PET and RX25 were used. In this equipment, scintillation
counter and detectors are available, both used in the analysis
of these samples.

Geological reference standards such as GBW 3125,
7105 and 7113 were used to calibrate the equipment.
Through mathematical software, the emission peaks are
related to the respective concentrations of a certain element.

For each element found, quantification was carried
out using external standards of salts of known purity,
diluted in boric acid, also of known purity, in at least six
predetermined concentrations, which were submitted to
the same sample analysis conditions. In the end, their
quantifications were performed based on their intensities
(counts per second (cps) / uA) using the ZSX program-
Spectrometer Status.?

Statistical analysis

The Grubbs’s test was used for outliers’ exclusion, and
the comparison of mean concentrations among collection
points, months and CBPs was performed using one-way
analysis of variance (ANOVA). Both tests were performed
in Microsoft Excel and a 95% significance level was
adopted for all comparisons. For the ANOVA test, if the F
ratio exceeded critical F, at least one of the group means
is different from the others.

Graphs illustrate concentrations in percentages from
tabulated data. For the means of the three major oxides
of the three CBP, the 95% confidence interval for each
component was also calculated to verify if the total means
overlap in their intervals and to verify if there were two
equal percentages and a different one.

Results and Discussion
Qualitative results

The chemical composition is divided into two groups

Table 1. Specific constituents of collected waste sludge

Statistical Analysis of the Chemical Composition of Concrete Slurry Waste

J. Braz. Chem. Soc.

of oxides and elements: those common to the samples
from the three CBP, in their three collection points in the
tank, in the three months of collection: Na,O, MgO, Al,O,,
Si0,, P,0s, SO,, Cl, K,0, Ca0, TiO,, V,0s, Cr,0,, MnO,
Fe,0;, CuO, ZnO and SrO. And the second group refers to
punctual constituents, which were found in only two CBP
and/or did not occur in all months or collection points in
each CBP (Table 1).

Discussion of qualitative results

According to Schoon et al.,”' the chemical composition
of the sludge is mainly influenced by the raw materials used
in the production of concrete. This mixture is composed of
Portland cement, aggregates, water, among other options,
according to the required product.?

The content of CaO, SiO,, Al,O, and Fe,O; possibly
has Portland cement as its main source, as these oxides
are essential for this binder. Other smaller components
can also be derived from this material, such as MgO, SO;,
Na,O and K,0.%

Common and specific oxides can also come from
natural aggregates. The presence of SiO, is explained by
the natural sand or gneiss aggregates used in concrete.*
Other studies*>? indicate the incidence of TiO,, Al,O;,
Fe,0;, MnO, MgO, CaO, Na,O, K,O, P,0; as the main
soil constituents in the region, and As, Ba, Cl, Cu, Ni, Sb,
Sr, V and Zn in lower concentrations.

Chemical species Cl, CaO and I can also originate
from water. Since this resource comes from the city
public supply system and undergoes potability treatment,
there are additions of coagulants consisting of the first
two constituents. lodine occurs naturally in river waters,
predominantly in the form of iodide ion (I7).**3

The occasional occurrence of some oxides may be
related to the variation of batches and typology of Portland
Cement (type L, I, IIl and I'V) in the concrete mixes and with
the origin of the aggregates used in the north and northeast
region of Brazil, which can be originated from crystalline
massifs in Amapd, Roraima, Amazonas and Maranhdo.*>*

CBP K CBPP CBPS

Oxide/element

K7 K8 K9 P7 P8 P9 S7 S8 S9
NiO X X xb X X X - xbe X
As,0, - X X - - - X - X
Sb,0, - - - X X X X X X
1 X X X X X - X X X
BaO X X X X - X X X X

“"Identified only at collection points A and B; "“identified only at collection points B and C.
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Quantitative results

Specific oxides were not exposed in the graphic data
because the analysis of variance was not applied to them
in all proposed situations. However, it is worth adding that
these oxides did not obtain concentrations greater than
0.500%, with BaO being the most expressive within this
group. Means with significant differences were observed
only for NiO and BaO in samples from CBP K and only
NiO in samples from month seven from CBP P.

Collect point

In CBP K, the oxides Na,O, V,05 and iodide had similar
mean concentrations per point during the three months of
collection. In addition to these, P,O5, MnO, ZnO, NiO,
As,0; and Cr,0; also showed up in this condition, but in just
one or two months and with contents lower than 0.500%.

According to Figures 2a-2i, most of the other oxides and
elements, whose means per point differ from each other,
exhibited lower amounts at point C, except for CaO, SO,
SrO and Cr,O, as shown in Figures 2a-2c. The highest
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percentages are given to CaO (60-75%) and SiO, (12-20%),
in all collection periods.

The chemical composition of the CBP P samples
showed only CuO and Sb,0; with equivalent averages by
points in months 7, 8 and 9. However, other oxides and
elements also obtained their local concentrations similar,
but not in all months of collection, namely: I, BaO, V,0;,
NiO, TiO,, Na,0, Cl, V,0;, Cr,0;, MnO, Fe,O, and SrO.
The amount of each component of this group is less than
1.000%.

As shown in Figures 3a-3i, the set of oxides and
elements with means of different contents did not show
position predominance (A, B or C) in terms of greater or
lesser concentration. As with CBP K, the most expressive
percentages are CaO (48-56%) followed by SiO, (25-30%)
as shown in Figures 2a, 2d, 2g.

CBP S had the highest number of oxides with
similar averages of concentration per point. The incident
components in the three months of the collection were
Cr,0;, MnO, Sb,0;, I and BaO; and with similarities in
fewer months of collection, there are Al,O,, Cl, TiO,, V,0;,
Cr,0,, Fe,0,, Cu0, As,0,, NiO, SrO, Na,O.
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Figure 2. Average concentration of elements and oxides per collection point at CBP K: (a), (b) and (c¢) in month 7; (d), (e) and (f) at month 8; (g), (h) and

(i) in month 9.
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Figure 3. Average concentration of elements and oxides per collection point at CBP P: (a), (b) and (c) in month 7; (d), (e) and (f) at month &; (g), (h) and
(i) in month 9.

There was no domain of any collection point referring As for the components with significant differences in the
to a greater or lesser percentage of oxides and elements, means (Figures 5a-5h), only SO;, K,O and CI are repeated
considering the entire composition. However, by restricting for the three CBP (Figures Sa, 5b, 5d, 5e, 5g, Sh), whose
the set to oxides with different means, it was observed that largest quantities are found in CBP K. The greatest number
most of the highest concentrations are at point C as shown in of oxides and elements in this group are attributed to CBP P.
Figures 4a-4i. CaO and SiO, exhibited the majority contents
(Figures 4a, 4d, 4g), as observed in CBP K and CBP P. Dosing center
Collection month Only two constituents have means without significant

differences between CBP: Na,O and V,0s. The three plants

The monthly averages reaffirm that the highest presented CaO as the majority, whose most expressive
concentrations of the material in the three CBP belong to concentration is found in CBP K, which was the only one
Ca0, SiO, and Al,O;, in decreasing order. However, when that presented statistically equivalent monthly averages of
comparing the monthly quantities, it was observed that this oxide.
these do not have different means in all CBP, as occurred According to Figures 6a-6c, there are 15 constituents
in the analysis by collection point. with significative differences between CBP. The amount

The oxides with similar monthly averages in the three of SiO, in the CBP K material, unlike CaO, is the
months of collection for the three CBP are TiO,, V,0;and lowest among the three collection sites, as well as Al,O;
MnO. There are also P,O5, MgO, Cr,0,, NiO, CuO, ZnO, (Figure 6a). The higher percentages of the other oxides
SrO, I, BaO and Sb,0; that occur for CBP pairs; and Al,O,, with significant differences were divided, for the most part,
Si0,, CaO and Fe,0, only for CBP K, which presented the between CBP K and CBP P. P,O; is the only component

highest number of constituents with equal monthly means. that has a higher content attributed to CBP S (Figure 6b).
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Figure 4. Average concentration of elements and oxides per collection point in CBP S: (a), (b) and (c) in month 7; (d), (e) and (f) at month 8; (g), (h) and

(i) in month 9.

When comparing the averages of the three largest
quantities with their respective confidence intervals, it was
noted that they do not overlap (Figures 7a-7c¢), so it can be
stated that the residual concrete sludge produced in the three
CBP is different, considering the averages of all contents
of these oxides in all collected samples.

Discussion of quantitative results

The global average of the oxides identified in the samples
showed that the sedimented material is different among the
CBP. As explained above, this fact may occur due to the
different origins of the raw materials used in each place
for the manufacture of concrete. In addition, the CBP meet
the different demands of the initial product, this includes
changes in characteristic strengths and modifications in
dosage, changing amounts of aggregates and binders, which
in turn may contain variations in chemical composition by
classification and/or manufacturing batch.

Statistically divergent monthly averages can also
be justified by requests for different concretes within a
single CBP, as it can produce in different strength classes.

Regarding the difference per collection point, this is
possibly associated with the geometry of the sedimentation
tanks and the particle size of the material.

The tanks enable the separation of suspended particles
in wastewater through the action of gravity and a
difference in density of the components involved. Thus, the
performance of this treatment system is influenced by the
characteristics of the suspended solids and by the geometry
and dimensions of the tank.**

The three CBP have rectangular tanks, but
with different internal subdivisions. According to
Al-Sammarraee and Chan,* the greater the number of
internal walls, the more intense the vertical movements and
the smaller the horizontal movements of the fluid. The wall
increases hydraulic retention time, resulting in significantly
increased sedimentation.

This effect may explain the means of higher
concentrations at point A, observed in months 7 and 9
of CBP K, as the tank has, in this region (Figure 1a), the
greatest number of walls and, consequently, the lowest
level of the oxides occurred at point C in the three months
of collection. That is, there was a greater sedimentation of
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particles in the area related to the entrance and the center
of the tank, probably associated with the location of the
walls in greater number.

Another factor that influences sedimentation efficiency
is the decrease in particle size. Larger particles are expected
to settle quickly along the tank inlet because of their mass
and inertia. As particle size decreases, the effect of gravity
decreases.*

CBP P and CBP S, as mentioned above, do not have
a predominance of collection points with greater or lesser
concentrations of oxides, in general. This occurrence may
be related to a narrow particle size range of sediment

particles, which may lead to similar deposition along with
the tank, in addition to the layout of the inner walls, which
are spaced at similar distances (Figures 1b and Ic¢).

Table 2 shows the chemical composition in oxides and
elements of the same type of waste under study presented
by different authors. The material collected comes from
CBP from different countries: Brazil, Thailand, Japan,
Belgium, France and China. In Figures 8a-8d, the average
of the concentrations in the literature is found, together
with the averages of the samples presented above, by CBP.

Literature, in general, presented 11 of the 17 oxides
common to CBP K, P and S. The components not identified
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Table 2. Chemical composition of residual concrete sludge in literature

Concentration of elements and oxides / %

Reference

CaO Sio, AlLO, Fe,0, SO, MgO K,0 Na,O TiO, P,O; Cl Others
Chatveera er al.’’ 32 26.87 6.91 3.17 3.92 1.51 0.98 0.18 - - 24.46
lizuka et al."? 17.2 32 0.6 1.9 - - - - - - - 77.1
Schoon et al.*! 23.695 49.198  4.597 1.956 1.292 2.558 0.564 0.298 0.314 0.154 0.057 15.317
Audo et al ® 34458  53.545 1.925 1.525 0.77 - - - - - 7.778
Xuan et al? 35.41 33.146  8.633 6.585 2.956 1.377 1.652 - 0.526 - - 9.715
Tang et al.® 35.065  26.895 9.76 4.645 2.6 1.85 1.15 0.83 - 0.25 0.015 16.94
Tang et al.®* 36 28 9.4 7 3.7 1.6 1.5 1 - 0.3 0.1 114
Martins et al.*’ 38.167  26.233 6.03 2.753 1.113 1.293 0.817 0.637 0.28 0.17 - 22.507
Martins er al.** 22703  50.722 6.581 22 - 0.873 1.407 1.243 0.211 0.091 - 13.968
Mean 30.522 33.09 6.048 3.526 2.336 1.58 1.153 0.698 0.333 0.193 0.057 22.132

Standard deviation 7.381 15.938 3.192 2.07 1.514 0.832 0.611 0.476 0.194 0.117 0.036 21.338
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Figure 8. Average of the contents of oxides and elements common between CBP and literature.
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in the references were the following metal oxides: V,Os,
Cr,0;, MnO, CuO, ZnO and SrO, which exhibited chemical
concentrations lower than 1.000% in the samples analyzed
in this work.

Regarding the percentage of oxides, it was observed
that the predominance of CaO and SiO, (Table 2) occurred
both in the literature samples and in the samples from the
visited CBP. However, only in the quantifications presented
by Schoon et al.,*! Audo et al.,’® and Martins et al.** SiO,
concentrations were higher than CaO, which did not occur
in any of the measures presented in this study. On the
contrary, in the average of the results obtained, the CaO
content was around twice as much SiO, (Figure 8a).

The average percentage of Si0O,, K,0O, Na,O and Cl in
the literature surpasses all the percentages presented by
the samples of CBP K, P and S, as well as their respective
standard deviations, denoting a considerable variability
among the published chemical compositions (Figures 8a,
8c, 8d, 8e).

The qualitative and quantitative differences between the
research present in the literature and this work can also be
elucidated for the reasons already detailed: different origins
and chemical compositions of the raw materials of the
original product (concrete), variations in cement batches,
dosage changes and/or mineral additions.

Chatveera et al.’’ used the water from the waste sludge
in the manufacture of Portland cement concrete, replacing
public water supply. By submitting the specimens to acid
attacks, they observed that the concrete mixed with the
wastewater was more vulnerable and showed a greater
percentage of weight loss concerning the control concrete.
This is because wastewater contains suspended solids with
additional CaO content that make the concrete matrix
more porous and less resistant to acids. The percentage
of CaO in the sludge powder, presented by the authors, is
32.00%. The average of the same oxide in this research is
59.48% and, if the water from these samples were used
in concrete, possibly the resistance to acids would be
more affected.

The work by lizuka et al.'” used concrete sludge
as a source of calcium to prepare a solid adsorbent for
phosphorus recovery by hydroxyapatite. The material was
previously submitted to different dilution ratios (5,10 and
15) for the formation of calcium ions, influencing the results
of the process. The effect was unclear, but the authors stated
that a dilution ratio of 10 performed best. The CaO content
in the chemical composition of this literature study for the
investigated samples is about 40.00% lower. Therefore, it
can be deduced that by using the same dilution ratios for
the same purposes, consequently, the adsorbents would
present different performances.

J. Braz. Chem. Soc.

Schoon er al.?! investigated the chemical composition
and variations of 87 dry waste sludge samples collected over
two years at five different CBP in Belgium. The purpose
of the research was to value a fraction of the residue as an
alternative raw material to produce Portland clinker. The
authors found high variability in the constitution of the
samples, which makes the intended use unfeasible, due to
the recommended limits for the final clinker. Likewise, the
samples collected in Manaus would also be unfeasible for
the same purpose, as they present significant differences
in chemical composition.

Audo et al.*® collected concrete waste sludge from
four different CBP located in France. The chemical
compositions showed weak variability, as, according to
the authors, the CBP produced mainly the same concrete.
The research concerned the incorporation of the residue
as limestone filler in replacement of 25.00% of cement
in concrete. The results showed a decrease in mechanical
strength and change in the rheology of the mortar in its fresh
state, making it more plastic. The residue may also have
contributed to the acceleration of hydration kinetics because
of its Ca content. Thus, in a similar application, the samples
of CBP K, P or S could enhance the final characteristics
obtained by the authors, due to the higher content of Ca.

The research by Xuan et al.’ investigated the potential
for sequestering CO, from waste sludge and sought its
valorization as a building material. The authors applied the
Ca0, SO;, MgO and K,O content in an equation to obtain
a theoretical extension of CO, sequestration. Although
the experimental results indicate lower CO, absorption,
the performance of the carbonated products surpassed the
reference products. The averages of the quantities of the
oxides mentioned, presented by the authors, are below the
averages of the samples collected in CBP K, P and S, except
for K,O. This suggests that the absorption of CO, from
these CBP samples may present a higher percentage, both
theoretical and experimental, and, consequently, products
with better performance.

The studies by Tang ef al.® and Tang ef al.* used concrete
waste sludge as a fresh cement binder, and combined
with fine bottom ash, to produce cold-bonded lightweight
aggregates, evaluated by different curing methods. Curing
with CO,resulted in denser products with lower absorptions,
due to the Ca content, in the form of CaCO,, forming a dense
layer on the product surface. The authors also demonstrated
the reactive potential of the residual sludge with a pozzolan
and Portland cement by obtaining results compatible with
mixtures without this combination. The collected samples,
if used for the same product in the same arrangements as the
studies, could present the aforementioned properties more
markedly, due to the higher Ca content, in addition to good
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combination compatibility with the pozzolan and the binder
used in research.

The study by Martins et al.*® proposed replacing
25% of Portland cement with fine fractions (< 150 um)
of concrete slurry waste in the manufacture of structural
mortar. The authors collected the waste in three different
concrete batching plants in the metropolitan region of Belo
Horizonte, Brazil. The chemical composition of the three
samples showed CaO content lower than 45%, SiO, ranging
from 15-42% and Al,O, from 3-10%, approximately. The
mortars made with the residue samples that contained the
highest CaO contents showed test results closer to those
recorded for the mortars produced with the addition of
limestone filler and were within the limits established by
the standard for composite cement with filler. Therefore,
it can be suggested that more promising results would be
achieved with the CBP K, P or S samples, as they showed
CaO concentrations greater than 50%.

Martins et al.** evaluated the forms of waste generation
within nine CBP also located in Belo Horizonte, Brazil.
After collection, the residues were characterized and
the nine samples of residual concrete slurry showed a
predominant composition of SiO, (37-68%), followed by
CaO (7-33%) and AL,O; (2-12%). The authors explained
that the difference in chemical composition is related to
the origin of the aggregates. The predominance of SiO,
suggests the use mainly of gneiss aggregates and, when
the CaO concentration increases, it corresponds to a
greater introduction of limestone aggregates, in addition to
also being present in hydrated cement compounds. Thus,
considering that CBP K, P and S have CaO as the main
constituent, it can be inferred that the aggregates used in
the original concrete are composed of limestone.

Unexplored applications

Song et al.*' point out the great potential of calcium-
based solid waste in the microbiologically induced calcium
carbonate precipitation (MICP). This technology is a
type of biologically induced mineralization and has been
extensively investigated in different applications such as
wastewater treatment, removal and immobilization of toxic
metals and radionuclides, soil remediation, restoration of
building materials, fabrication of bioconcrete materials and
carbon sequestration.***

Based on reviews of studies carried out with the MICP
technology, Song ef al.*' concluded that the use of different
solid wastes rich in calcium can result in products with
different properties and this is related, among other factors,
to differences in calcium content. The higher the amount of
calcium, the better the contribution to the MICP process. As
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an example, the authors cited class C fly ash, which, due to
their calcium content higher than class F (above 20% and
lower than 20%, respectively), generate a MICP material
with better compressive strength. Thus, based on the notes
raised by the studies, it can be said that the cements sludges
studied are promising materials in this technology and can
lead to better results, compared to the waste used so far.

The wide availability of Ca-rich residues also draws
the researchers’ attention to the production of biodiesel, as
they have high catalytic activity in the transesterification
of oil, are renewable, non-toxic and safe to handle and
store.* According to Zul et al.,* most studies focus on the
reuse of eggshells and shells from different animals and
the calcium content represents an influential characteristic
in the biodiesel conversion rate. Correia et al.*’ obtained
a conversion rate of 97.75% from calcined eggshells with
a calcium content of 32.19%, in contrast to calcined crab
residues (24.60% Ca) and 83.10% conversion process,
using sunflower oil as raw material. Therefore, cementitious
sludge can also be studied for this application, requiring an
investigation regarding its crystalline structure and probable
processing to obtain maximum CaO.

Bakshi er al.*® presented another application for
calcium-rich waste: reinforcement of polymeric composites
for use in the construction sector. The authors used gypsum
powder and marble powder in different concentrations
in the manufacture of polypropylene and polyethylene
composites. The materials contained, respectively, 29 and
30.8% of calcium in their composition and the samples
that were composed of gypsum or marble showed less
photodegradation and greater flexural strength with up to
30% incorporation. Considering that cementitious sludges
have a composition that is even richer in calcium, the
potential of the material for this application is highlighted,
and may present superior performances with lower
concentrations of incorporation.

Other promising applications are found in the
literature, such as making ceramics with a high CaO
content,*” composite pigments,>**! production of ecological
fertilizers,’>> reinforcement in metal matrix composites,™
bone regeneration,>>% among others. Therefore, the
material explored in this study has attractive characteristics
for different applications not yet explored, in addition to
requiring further research in works already carried out,
enabling the reinsertion of waste in industrial chains, saving
natural resources and creating new sustainable materials.

Conclusions

The chemical compositions of the studied concrete
slurry waste presented CaO, SiO, and Al,O; as major
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constituents and present in all analyzed samples. The
highest average concentration of CaO was identified in CBP
K, while the highest concentrations of SiO, and Al,O, were
found in CBP P and, in CBP S, only the P,O; content was
higher among the three CBP. Oxides and punctual elements
were also identified, but in concentrations lower than
0.500% and correspond to NiO, As,0,, Sb,0;, I and BaO.

The analysis of variance showed that there are significant
differences in the concentration of components between
batching plants, months and collection points. This fact may
occur due to the use of different materials in the manufacture
of concrete (aggregates and cement) and also due to the
geometric characteristics of the sedimentation tanks.

Comparison of the chemical composition of the
collected residues with data from the literature revealed a
similarity: CaO, SiO, and Al,O, are predominant. However,
the average concentration of CaO is higher in the waste
slurry of the concrete plants in question and, consequently,
if this material were reused in the same proposals by
the authors, the products would possibly have different
characteristics and performance.

The promising applications for residual concrete
sludge showed that this material is attractive to different
unexplored uses, in addition to the possibility of reuse in
products within the CBP itself. The greater the amount of
CaO, the better the contribution to the use in microbial
precipitation of calcium carbonate, catalytic activity,
reinforcement of polymeric composites, among other
possibilities. Therefore, the valorization of this waste can
still be promoted, filling gaps in the studies already carried
out and expanding the reuse alternatives.
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