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ABSTRACT

In concrete manufacture, cement (Portland type is the most used), water and aggregates (classified into
coarse and fine) are used. With the use of several raw materials the generation of waste is inevitable, both in
construction and in other sectors, such as the industries producing ceramic materials. Among the types of
waste from such industries, can be mentioned the ceramic scrap (from the sanitary ware industry). According
to the above, the aim of this research was to study the addition of ceramic scrap as a coarse aggregate in dif-
ferent proportions in the concrete formulation. In order to do this, was select wastes from an industry in the
south of Minas Gerais (Brazil), and prepare specimens to determine the fresh (slump test, adhesiveness and
porosity) and hardened (compression strength) of concrete. Were fabricated five concrete formulations, one
reference (RC) and four with ceramic scrap substituted for coarse aggregate in the proportions of 25% (CSC-
1), 50% (CSC-I1I), 75% (CSC-I11l) and 100% (CSC -1V). Fresh concretes, two formulations did not show ad-
hesiveness (CSC-I1l and CSC-1V) and two a small water runoff (CSC-1 and CSC-Il), however, without com-
promising the concrete’s workability. Regarding the compression strength, the average values presented were
very good, including the formulation with 100% ceramic scrap (f. = 47.78 MPa). Another important aspect
observed in the rupture modes was the small adhesion between the ceramic scrap and the mortar due to the
glazing in the contour of the waste. As for the porosity of the concretes, those with 25%, 75% and 100% of
ceramic scrap in their composition presented lower values than the reference concrete.
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RESUMO

Na fabricacdo do concreto, cimento (o Portland é o mais usado), 4gua e agregados (classificados em finos e
grossos), sdo usados. Com a utilizacdo de inimeras matérias-primas, a geracdo de residuos é inevitavel, seja
na construcao civil ou em outros setores, como as industrias produtoras de materiais ceramicos. Entre 0s tipos
de residuos destas indUstrias, pode ser mencionado o scrap ceramico (proveniente da inddstria de lougas sani-
tarias). Sendo assim, o objetivo deste trabalho foi estudar a adi¢éo de scrap ceramicso como agregado gratdo
em diferentes proporcdes na formulagéo de concretos. Para isso, foram selecionados residuos de uma indus-
tria do sul de Minas Gerais, e foram preparados corpos de prova para determinacgéo das propriedades do con-
creto fresco (slump teste, segregacdo e porosidade) e endurecido (resisténcia a compressdo) das diferentes
formulagBes do concreto. Foram confeccionadas 5 diferentes formulag@es, uma de referéncia (CR) e quatro
com residuo cerdmico como substituinte do agregado gratdo nas propor¢des de 25% (CSC-I), 50% (CSC-II),
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75% (CSC-I11) and 100% (CSC -I1V). Em relacdo aos concretos frescos, duas formulages ndo apresentaram
segregacdo (CSC-IIl and CSC-1V) e duas um pequeno escorrimento de agua (CSC-1 and CSC-I1), entretanto,
em comprometer a trabalhabilidade do concreto. Em relacdo as resisténcia & compressdo, os valores médios
apresentados foram satisfatorios, incluindo a formulacdo com 100% de scrap ceramico (f. = 47.78 MPa).
Outro importante aspecto observado nos modos de ruptura dos corpos de prova foi a pequena adesao entre o
residuo de louca sanitaria e a argamassa devido a camada de esmalte no contorno do residuo. Em relacéo a
porosidade das formulacGes, aquelas com 25, 75 e 100% de residuo apresentaram valores mais baixos em
relacdo ao concreto de referéncia.

Palavras-chave: Concreto; Propriedades mecénicas; Residuo. Scrap ceramico.

1. INTRODUCTION

The construction industry uses several types of materials to carry out the works, among them: wood, steel,
cement, water, sand and gravel. For the finishing of the construction and electrical and hydraulic projects,
other materials such as glass, plastics, ceramic materials in crystal and paints are also employed [1-4].

Concrete is one of the main building materials. Among the constituents of its formulation, Portland
cement (which is divided into five classes: common, composite, blast furnace, pozzolanic and high initial
strength); Water is used to develop the concrete properties; and aggregates, which can be divided into two
categories: coarse and fine [5-9].

In Brazil, the National Solid Waste Plan started in 2010, to establish principles, methods, goals and
actions to be adopted in the country, aiming the integrated and environmentally correct management of solid
waste [10-12].

In this sense, a possibility of solid waste recycling and its use as a constituent in the formulation of
concrete used in the construction industry, in the full or partial replacement [13-21].

Among the residues used in the formulation of concrete, there are those from industries that manufac-
ture ceramic materials (floors, coatings, porcelain tiles, sanitary ware). Researches with this type of waste is
importante, because, in addition to the recycling of waste, its use in concretes can allow saving of other raw
materials used in their formulation [22-31].

This research aims to study the influence of the use of ceramic sanitary waste (scrap) in different con-
crete formulations evaluating the fresh and hardened properties.

2. MATERIALS AND METHODS

2.1 Materials

The materials used for producing the different concretes were (Fig. 1(a)):

- Lafarge® Portland cement CP 11 E32 type;

- Commercial fine granite and coarse aggregates, from Pouso Alegre city (Minas Gerais, Brazil);
- Water from Technology of Concrete Laboratory, Pouso Alegre city (Minas Gerais, Brazil);

- Commercial superplasticiser additive (Glenium51®; Basf);

- Ceramic sanitary waste (scrap) from industry producer in Pogos de Caldas city (Minas Gerais, Brazil), used
as coarse aggregate.

2.2 Methods

2.2.1 Ceramic scrap characterization

To ceramic scrap characterization were realized X-Ray diffraction (DRX), chemical analysis by X-Ray fluo-
rescence (FRX), granulometric distribution analysis by mechanical sifting method (ABNT NBR NM 248
[32]) and density (ABNT NBR NM 53 [33]).

e X-Ray diffraction (DRX) tests

X-Ray diffraction tests of the ceramic scrap were performed at the Federal University of Alfenas (UNIFAL /
MG), Alfenas Campus, in the Crystallography Laboratory, in the Rigaku Optima equipment with cobalt radi-
ation at wavelength of 1.7893 A, with step of 0.05°. Phase identification was performed using the Cryistallo-
graphica Search Match program indexed to PDF 2003 (Powder Diffraction File) cristallographyc data of the
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JCPDS-ICDD (Joint Commitee on Powder Diffraction Standard- International Centre for Diffraction Data).
e X-Ray fluorescence (FRX) tests

Semiquantitative chemical analysis was performed by the X-Ray Fluorescence (FRX) technique in the ce-
ramic refractory industry TOGNI S/A; The model of the equipment used was the Axios PW 4400/40
DY1686.

e  Granulometric distribution analisys tests

From the material provided by the industry (bag with 50 kg), a sample of approximately 7 kg was collected
randomly. The sample comminution occurred in the Pavitest jaw crusher, model 14198, of the Brazilian man-
ufacturer Conteco Industria e Comércio LTDA. The crusher was set to shrink the fragments to dimensions of
the order of 3 cm. After this step, three samples (Samples 1, 2 and 3) were obtained using a sample separator,
each with approximately 1 kg. The granulometric distribution curve was determined according to ABNT
NBR NM 248 [32], using the sieve sequence from 25 mm to 0.15 mm, for each of the three samples. Tests
was performed in triplicate (Fig. 1).

Figure 1: Granulometric distribution tests: (a) ceramic scrap sample to granulometric distribution; (b) sieves.

e Density
Tests to determine the density (p) of ceramic scrap carried based in ABNT NBR NM 53 [33].

2.2.2 Concrete design

Five concretes mixes were prepared for this study: a reference concrete (RC), and four concretes with ceram-
ic scrap, CSC-1, CSC -Il, CSC -11l and CSC -1V, in wich, 25, 50, 75 and 100%, respectively, of the commer-
cial coarse aggregate was replaced by ceramic sanitary ware waste. The mixes used are presented in Table 1.

Table 1: Mix proportions of concretes

CONCRETE MIX
COMPONENTS RC CSC-l CSsC -l CSC -lll CSC -IvV

Cement (kg) 23.08 23.08 23.08 23.08 23.08
Commercial coarse aggregate (kg) 34.67 26.00 17.34 8.67 0

Ceramic scrap (kg) 0 8.67 17.34 26.00 34.67
Commercial fine aggregate (kg) 28.24 28.24 28.24 28.24 28.24
Water (kg) 9.62 9.62 9.62 9.62 9.62
Commercial superplasticizing additive (g) 92.00 92.00 92.00 92.00 92.00
wi/c ratio 0.42 0.42 0.42 0.42 0.42

Mixes were fabricated according to ABNT NBR NM 12655 [34] and ABNT NBR NM 33 [35]". For
each mixes (Table 1) the components were weighed separately and placed in a concrete mixer for preparation.
In fresh concrete mixes, the determination of the slump test (concrete mixer consistency) was carried out
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shortly after the preparation of the concrete according to ABNT NBR NM 67 [36].

2.2.3 Compression strength tests specimens

Specimens to performing the compression tests were manufactured according to ABNT NBR 5739 [37].
Specimens were cast in a cylindrical shape 10 cm in diameter and 20 cm high. The filling of the mold with
the concrete mass (previously greased with vegetable oil to facilitate the demolding) was carried out at once,
without the necessity of the punches, due to the good workability obtained by all mixes. Were prepared 6
specimens for each mixes for each time of cure (7, 14 and 28 days), totaling 90 specimens, according to
ABNT NBR 5739 [37]. After 24 hours (beginning of the concrete curing process) the specimens were
demolded and submerged in tank with water at room temperature.

To determination compressive strength of hardened concrete, a hydraulic press with load capacity of
50 tons, with digital display, of the Brazilian manufacturer Solotest was used. Compression strength (f.) of
each of the specimens was determined by the ratio between the maximum compression force resisted by the
specimen (F.) and the cross-sectional area of the compression specimen (A), as shown below in Eq. (1). Six
specimens were testd for each searched times (7, 14 and 28 days) and for each concrete mixes studied. Com-
pressive stregth tests were carried according to ABNT NBR 5739 [37].

fo = Fc/A @

2.2.4 Porosity tests

After the total curing time of the concrete (28 days), the already tested specimens were placed in an kiln at
100°C for 24 hours, after which the dry mass (ps) of each concrete specimen was determined. Subsequently,
the specimens were submerged in water at room temperature for more 24 hours to determining saturated
mass (p,). After this step, the mass immersed in water (p,) of the specimens was obtained by the gravimetric
method. Percentage of porosity (P) was calculated by Eq. 2.

P = ([pu-ps 1/ [Pu-pal) (2)

3. RESULTS AND DISCUSSIONS

3.1 Ceramic scrap characterization

Fig. 2 shows the diffractogram obtained to ceramic scrap samples submitted to the X-Ray Diffraction test. It
is possible to observe that the phases quartz (crystalline phase of silica) and mullite (phase consisting of alu-
mina and silica) were identified. This result was found by Medina et al. [26].
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Figure 2: X-Ray diffractogram for the ceramic scrap.
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Table 2 presents the components and the respective concentrations contained in the ceramic scrap ob-
tained by chemical analysis by X-Ray Fluorescence, in mass percentage (w;). Ceramic scrap presents silica
(SiOy) in most of its composition (64.62%) and has a 0.31% fire loss. Halicka et al. [24] found to ceramic
sanitay ware waste by EDS detector, mainly contained SiO, equal 67.63%; another components were equal

Halicka et al. [24].

Table 2: Chemical compositon of ceramic scrap

CHEMICAL CONSTITUENT Wt (%) | CHEMICAL CONSTITUENT Wt (%)

Sio, 64.62 Zro, 0.49
Al,0; 20.00 Zno 0.27
K,0 3.42 BaO 0.11
Fe,0; 1.66 P,Os 0.10
MgO 1.23 Cr,0; 0.06
Ca0 0.82 MnO 0.06
TiO, 0.68 Nb,Os 0.05
Na,0 0.49 ) .

Fig. 3 present the average granulometric distribution curve for ceramic scrap samples studied. Aprox-
imately 60% of ceramic scrap presented more than 12.5 mm size. Average values found in this research is
near to Medina et al. [25] and Medina et al. [26].
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Figure 3: Average granulometric distribution of ceramic scrap.

Ceramic scrap presented density equal 2.40 g/cm3. Medina et al. [22], Halicka et al. [24], and Guerra
et al. [30] found density to ceramic sanitay ware waste equal to 2.39, 2.36 and 2.36 g/cm3, respectively.

3.2 Fresh concrete properties
All mixes concretes with ceramic scrap in their formulation did not present differences in comparison to RC,

in relation to fresh properties. In addition, all presented good workability and homogeneities (without accu-
mulation of aggregates in only one portion of the mass) (Fig. 4).
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Figure 4: Fresh concretes mixes: (a) RC; (b) CSC-I; (c) CSC-II; (d) CSC-IlI; (e) CSC-1V.

In the CR, CSC-Ill and CSC-1V concretes no evidence of segregation was observed. In the CSC-I and
CSC-II concretes, minor water runoff of the mass were determined a few minutes after their preparation.
CSC-I11l and CSC-1V concretes were more fluid when compared to concrete CR. CSC-I concrete presented
the highest value of slump test (26.90 cm). The concrete obtained with the ceramic scrap presents good
workability, according to the analysis of the results obtained from the slump test (Table 3). The workability
of all concretes with ceramic scrap found in this research is due to the use of the superplasticizer, according
to Medina et al. [38].

Table 3: Slump test values

CONCRETE SLUMP (CM)
RC 25.90
CSC-I 26.90
CSC-1I 26.80
CSC-11l 24.40
CSC-1V 24.30

3.3 Compression strength

Table 4 present the average values of compressive strength (f.), standard deviation (SD) and coefficient of
variation (CV) for each concrete formulations studied, for each curing times of 7, 14 and 28 days, respecteve-

ly.



(o) R ALMEIDA, D.H.; GRILLO, R.H.F.; MAESTRELLI, S.C., et al. revista Matéria, v.24, n.2, 2019.

Table 4: Compressive strength at 7, 14 and 28 of curing days

DAYS| SYMBOL | RC |CSC-I|CSC-II|CSC-lIl|CSC-IV
f. (MPa) [31.65(33.03|29.25| 32.23 | 31.49
7 | SD(MPa) | 2.40 | 2.66 | 2.18 | 3.91 | 1.46
CV (%) 8 8 7 12 5

f. (MPa) [39.45/36.86 | 34.47 | 34.56 | 38.90
14 | SD (MPa) | 3.04 | 593 | 413 | 320 | 1.18
CV (%) 8 | 16 | 12 9 3

f. (MPa) |48.44|46.89|44.72 | 45.94 | 47.78
28 | SD(MPa) | 4.68 | 2.67 | 2.22 | 2.87 | 245
CV(%) | 10 | 6 5 6 5

For specimens of all curing times, the predominant modes of rupture were at the ceramic scrap/mortar
interface (Fig. 5). It is worth noting the homogeneity of the ceramic scrap in its distribution by the concrete
mass and in the specimen, because, no have accumulation of scrap in specific points of the specimens.

Figure 5: Ceramic scrap/mortar interface rupture model in the concretes: (a) CSC-III; (b) CSC-II.

The larger fragments of ceramic scrap that were arranged in the direction parallel to the application of
the rupture load contributed to the rupture of the specimen in the ceramic scrap/mortar interface, reducing the
strength of the specimen. This was observed in the CSC-I concrete test specimen with 14 days of cure (Table
4) which showed f; equal to 25.44 MPa.

Rupture modes can be explained by the fact that the ceramic scrap has the glazing layer, not allowing
adhesion between mortar and waste. However, the values of coefficient of variation presented by the mixes
show little variability of results (except for CSC-I concrete with a coefficient of variation equal to 16%) (Ta-
ble 4). The concrete made with ceramic scrap showed increased compressive strength as the curing time in-
creased. In the case of concrete, CSC-IV (100% of ceramic scrap in replacement of commercial coarse ag-
gregate) showed fc equal to 47.78 MPa, only 1.40% below the value obtained by reference concrete (RC).

By the analysis of the standard deviation obtained by the test specimens, it is possible to emphasize
that the average compressive strength of the mixes where the ceramic scrap was used was very similar to that
determined by the RC concrete.

Medina et al. [26] determined higher average values to f. for concretes with ceramic sanitary ware
when compared to RC, differently this work, where average value f, was higher to RC. Some concrete mixes
with ceramic sanitary ware studied by Guerra et al. [30] presented f, at 7, 14 and 28 days higher when com-
pared to RC. Standard deviation analysis of concretes this research present near values of compressive
strength.
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3.4 Concrete porosity

Table 5 presents the average values porosity (P) determined for the reference concrete and all another con-
crete mixes where the ceramic scrap was used. The average porosity of the CSC-I concrete was higher than
that of the RC concrete, but with a lower coefficient of variation. The higher porosity of the CSC-1I concrete
may be related to the fact that the ceramic scrap has the glazing in its contour and makes it difficult to adhe-
sion with the mortar. Porosity values determined in this research were lower when compared as with Medina
et al. [25] and Medina et al. [26].

Table 5: Average values of Porosity

SPECIMENS CR CSC-l | CSC-ll | CSCHlll | CSC-IV
1 10.33 | 7.89 11.59 8.04 8.27

2 11.11 | 9.26 12.11 8.59 6.36
3 1533 | 10.42 | 12.88 | 11.34 9.09
4 9.64 | 15.65 | 19.45 9.42 6.96
5 9.71 9.25 13.88 9.84 7.38
6 15.25 | 10.27 | 15.25 9.64 6.29

P (%) 11.89 | 1043 | 1419 | 948 | 7.39
SD (%) 228 | 272 | 288 | 113 1.10
CV (%) | 2255 | 2607 | 2034 | 12.00 | 14.98

4. CONCLUSION
The following conclusions may be draw from the present findings:

1. Concrete produced with ceramic scrap presented satisfactory results when compared to the reference
concrete and results from another authors;

2. In the fresh state, two formulations did not present adhesiveness (CSC-IIl and CSC-I1V) and two
small water runoff (CSC-1 and CSC-II), however, without compromising a concrete workability,
from slump test value (CSC-1V = 24.30 cm);

3. Compressive strength of all concrete mixes, increased strength with increasing curing time. Average
values have already been very good, including concrete with 100% of ceramic scrap (CSC-1V) (f. =
47.78 MPa);

4. From the modes of rupture of the specimens and as an arrangement of the fragments of ceramic
scrap influenced f.. Specimens with fragment in the direction parallel to the application of the com-
pression force to the lower compressive strength; another important aspect observed in the rupture
modes was a small adhesion in the ceramic scrap/mortar interface, due to the glazing in the contour
of the waste;

5. Concrete with 25%, 75% and 100% of ceramic scrap in their composition, presented porosity aver-
age values lower than the RC.
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