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ABSTRACT

Compressive strength and CO, emissions of Portland
cement (CP) matrices were evaluated, with the
replacement of 0%, 7%, 15%, and 25% of concrete
waste as a function of waste processing time (0, 0.5, 2,
and 6 h). The results indicate that the compressive
strength in the matrix, with 15% and 25% of treated
waste, meets the requirements for class C40, and C32
of the Brazilian technical standard for PC, with the
potential to mitigate emissions per ton of cement by up
to 25%. With concrete waste, it was possible to reduce
13% of cement consumption/MPa a

Keywords: Concrete waste. Particle treatment. CO2
emissions.

Considering that CO2 emissions from the cement industry correspond to approximately 5 to 7% of
anthropogenic emissions (BORDY et al.,, 2017; SCRIVENER et al., 2018), mainly from the

decarbonization of carbonate rocks in the clinkerization process, and that this step is responsible for 70%

of total emissions from cement manufacturing (SNIC, 2019), global actions such as the Paris Agreement

(2015) and Agenda 2030 (2016-2030), aimed at reducing anthropodynamic environmental impacts, mainly

associated with the production of Portland cement clinker are of great importance. It makes up the prospect
that growth in demand for Portland cement by 2050 will reach the level of 6 billion tons (SCRIVENER et
al., 2018), resulting from the need to build and maintain the built environment, the high housing deficit and

infrastructure and expected population growth.
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(n this context, waste concrete (RC) replacing Portland cement can be an alternative tom

A

emissions associated with cement and the problem of waste disposal. In addition to being a strategy
producing matrices with low clinker consumption (kg/m3/MPa) and resistance that meets regulatory
parameters. Therefore, this study presents the compressive strength and emissions of Portland cement,
produced with different contents and processing times of the concrete waste to be used as a substitute for

cement.

2 EXPERIMENTAL PROCEDURE

To determine the influence of the concrete waste, when used in place of Portland cement, the
compressive strength of the cement was evaluated using the procedures of NBR 7215 (2019), according to
the proportions presented in Table 1 and procedures in Figure 1. For the fixed mix 1:3:0.48, substitutions
were made in the volume of Portland cement by treated waste of 0, 7, 15, and 25%. Compressive strength
was determined at 28 and 91 days, taking the average of 4 cylindrical samples (50mm x 100mm) for each

age, cured in water saturated with lime.

Figure 1 - Molding and submerged curing of specimens in mortar

Source: The authors (2023) CP V ARI cement with a specific mass of 3.09 g/cm? and Blaine fineness of 4,459 cm2/g was used.
As a fine aggregate, normal sand with granulometric distribution #16 (1.18mm), #30 (0.60mm), #50 (0.30mm) #100 (0.150mm)
was used according to NBR 7215 (2019).

Source: The authors (2023)

The evaluated residue was obtained by processing specimens of discarded concrete subjected to
different types of physical and mechanical treatment (due to confidentiality issues, the treatment process is

not presented in this article).
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Table 1 - Consumption of materials of produce 1m?3 of mortar (NBR 7215, 2019), emissions of cement and composites with
concrete residue, and binder index (kg of cement to produce 1 MPa)

Residue Materi?ll(;?:;limption Emissions CO, Performance

Content Treatment | Portland  The residue Cim;gt: de Fe Binder index
(%) (h) Cement (C) (RCF) (kg.COoJm?) | (91 days)** (Kg.C/MPa)

0 Ref 510,84 0 866,0 50,40 10,16

Oh 473,89 29,27 805,7 31,04 15,35

0,5h 473,99 29,72 806,4 41,66 11,43

! 2h 474,23 30,86 808,6 42,35 11,25

6h 474,27 31,09 814.,6 48,88 9,75

Oh 431,88 62,72 736,7 33,40 13,04

0,5h 432,08 63,69 738,3 43,62 9,98

o 2h 432,54 66,13 743,1 46,93 9,28

6h 432,63 66,62 755,9 38,50 11,31

Oh 379,71 104,53 650,5 32,03 11,99

0,5h 380 106,15 653,1 30,70 12,51

2 2h 380,68 110,22 661,2 33,80 11,37

6h 380,81 111,04 682,6 29,90 12,85

* For all mixtures, 1532.53 kg of fine aggregate (IPT standardized sand) was used.
** Compressive strength and binder index data referring to the age of 28 days are shown in figures 4 and 5.
Source: The authors (2023)

The specific mass of the materials was determined according to NBR 16605 (2017) by the Le
Chatelier method. Blaine fineness was performed using Polyperm 200 equipment — ACP Instruments. Laser
granulometry was carried out in a granulometer (Cilas 1190). The BET test on Quantachrome Nova 3200e
equipment. Scanning electron microscopy (SEM) was performed using Zeiss equipment — EVO MA10.
The pozzolanic activity was performed based on NBR 5752(1). X-ray diffraction (XRD) in Panalytical
diffractometer and Crystallography Open Database. Chemical analysis by x-ray fluorescence (FRX) in
Panalytical Axios Max spectrometer.

For the analysis of emissions, the average of the maximum and minimum limits of NBR 16697
(2018) and 3.5% of calcium sulfate content present in the cement composition were considered. For the
analysis of emissions (equation 1 and equation 2), it was adopted that the production of each ton of clinker
emits 834kg.CO2/t (WBCSD, 2019), limestone filler emits 11kg.CO2/t (CIS/ECRA, 2009) and calcium
sulfate emissions were neglected. For the processing of recycled aggregate, 6.36 Kg.CO2/t (PAZ, 2023)
was considered. To estimate the emissions from the RCF treatment, emissions of 49 kg.CO2/t (CZIGLER,
2020) from clinker production was considered, divided by the 2-hour processing time, to obtain unit values

of emissions equivalent to the RCF treatments Transport emissions were not considered.
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The binder index (kg.C/MPa) indicates how many kg of cement were used to obtain 1 MPa,
corresponding to the relationship between the consumption of Portland cement used in the mixture and the

compressive strength obtained at the age of 91 days.

3 RESULTS DISCUSSION
3.1 CHARACTERIZATION OF MATERIALS

The waste obtained as an initial parameter (Oh) showed a pozzolanic activity index of 66.18%, below
the minimum limit recommended by NBR 5752 (2014) of 90%. Figure 2 shows the relationship between
the average diameter and the Blaine fineness of the concrete waste as a function of the treatment employed.
It is observed that in the first hours of processing, there is a considerable increase in the surface area of the
particles. After 6 hours of comminution, low efficiency is observed in the process considering the energy

and time required to increase the surface area; the residues shown in figure 3 were used in this study.

Figure 3: Concrete waste powder evaluated

Source: The authors (2023)

It can be seen in Table 2 that the longer the grinding time, the greater the specific mass of the
residues, and the smaller the average diameters obtained by the laser granulometry test. Concerning the
residue Oh, the d50 is inferior in 56% 0.5h, 75% 2h, and 83% 6h, respectively.

Table 2 - Results of the physical characterization of the materials

Material CP V- ARI Oh 0.5h 2h 6h
p (g/em?) 3,14 2,57 2,61 2,71 2,73
Blaine (cm2/g) 4215,7 1732,3 4350,7 6583 7160
Average diameter (um) 14,53 54,85 24,31 13,51 9,27
BET (cm3/g) 65.750 96.690 99.510 74370  51.370

Source: The authors (2023)

In the diffractograms (Figure 4), it is possible to observe that the main common phases found in the

materials correspond to Alite and Calcite. In the residue, there is a predominance of quartz, which comes
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from the fine natural aggregate used in the production of the concrete that gave rise to the residue,
corroborating the FRX analyses (Table 3) that indicated high levels of silica (SiO2 > 40%), and low levels

of CaO (three times less than cement).

Figure 4 - XRD analysis of materials

ot Ly
| )
n.x\uw/'uﬂ»d*ww_/ b 7 ™
: 1
° ; 3.. ° &, 0 L] ‘\'
- : oo WL Y 8 S s N ) WL U
T T T T T T T T T T T 1 r T 1
10 15 20 25 30 35 40 45 50 55 60 65 20 25 30
20 20
+C,S «C,8 .CaCO; -CAF vQuartz
CcPV RCFOh RCF0.5h RCF2h RCF6h

Source: The authors (2023)

Table 3 - X-ray fluorescence of materials
Material SiO2 CaO Fe:0s Al:Os MgO Na:O TiO2 K20 SOs loss to fire

CPV 19,7 609 31 4,6 2,5 0,2 0,2 08 39 3,6
RC 0.5h 43,1 185 11,8 10 2,5 1,3 1,8 11 08 8,3
RC 2h 431 185 116 97 2,7 1,2 1,7 11 09 8,8

RC 6h 442 175 11,7 9,6 2,7 1,3 1,7 11 08 8,73

Source: The authors (2023)
3.2 MECHANICAL PERFORMANCE OF MORTARS

Note the gradual increase in compressive strength as the hydration ages advance (Figure 5). It was
found that adding 7% and 15% of residue, regardless of the treatment process, led to mechanical strengths
that meet the normative parameter of class 32 MPa Portland cement after 28 days. All matrices with
contents of 7% residue and 15% RC 2h reached the C40 level at 28 days, and at 91 days, the matrices
containing 15% RC 0.5h. It is noted that in the long term, mortars with residue tend to show resistance

increases, compensating for the dissolution process commented by John et al. (2018).
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Figure 5 - Effect of treatment time and replacement levels on compressive strength
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Source: The authors (2023)

3.3 EMISSIONS AND BINDER INDEX

All cement produced (table 1 and figure 6) are less emissive than the reference (CP V ARI),
reaching a reduction of around 25% of kg.CO2/t of produced RC cement (25% residue at Oh). The higher
the Portland cement replacement rate for treated waste, the lower the associated CO2 emissions per ton of
product. The increase in waste treatment time increases CO2 emissions per ton of cement, but this increase

does not surpass the emissions from clinker.

Figure 6 - Binder index (kg.C/MPa) and CO2 emissions from RC cement (kg/t)
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Regarding the binder index, it can be seen in table 1 and figure 5 that the mortars produced with
15% of residue in substitution of Portland cement presented better performance, for the treatment times of
0.5 and 2 hours with 10 and 9.3 kg.C/MPa, respectively. For 25% replacement, results similar to the
reference was obtained only after 91 days for the residue treated for 2 hours (11.4 kg.C/MPa). It is suggested
that new studies be conducted considering the use of superplasticizer additives, the absorption of water
from the waste, and other particle treatment processes. The cement-based matrix with the concrete residue

must be evaluated regarding durability.
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4 CONCLUSIONS

Cement was produced with concrete residue with up to 25% of substitution to Portland cement. The
longer the treatment time, the greater the compressive strength obtained for the three substitution contents
evaluated. With 25% substitution, it was possible to produce cement that meet the resistance class C32.
With the contents of 7% and 15%, the C40 class was reached. The most significant increase in compressive
strength over time occurred at 91 days. Matrices with concrete waste have the potential to mitigate
emissions per kg.CO2/t by up to 25%, in addition to reducing binder/MPa consumption by up to 13%.
Given the volume of concrete produced annually worldwide and the volume of construction and demolition

waste generated, this incorporation is promising to produce less emissive cement.
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