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Received 09 September 2019 Abstract: Ready mix mortar is a ready to use mixture that uses hydration stabilizing (HSA) and air-entrained

Accepted 12 June 2020 (AEA) admixtures in its composition, which modify its properties, especially the setting times. HSA extends
the setting time of mortars for a long period, while AEA promotes a greater workability to the mixture. The
study determined the temperature of the mortars with the evaluation of the setting times obtained by a semi-
adiabatic calorimeter. Two types of cement (CPII-F-40 e CPII-Z-32) and varied contents of HSA (0.0%, 0.6%
e 0.9%) and AEA (0.0%, 0.2% e 0.4%) were used. The results showed that the use of HSA decreased the
amplitude of the temperature peaks and increased the setting times with cement CPII-Z-32 in relation to
cement CPII-F-40. The setting time of the mortars was influenced by the type of cement used and by the
contents of the admixtures.
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Resumo: A argamassa estabilizada ¢ uma mistura pronta que faz uso dos aditivos estabilizador de hidratagdo
(AEH) e incorporador de ar (AIA) em sua composi¢do, os quais modificam suas propriedades, principalmente,
os tempos de pega. O AEH prorroga o tempo de pega das argamassas por um longo periodo, enquanto o ATA
promove maior trabalhabilidade a mistura. O estudo determinou a temperatura de argamassas com a avaliagdo
dos tempos de pega obtidos em calorimetro semi-adiabatico. Foram utilizados dois tipos de cimento (CPII-F-
40 e CPII-Z-32) e variados os teores de AEH (0.0%, 0.6% e 0.9%) e AIA (0.0%, 0.2% e 0.4%). Os resultados
mostraram que o uso de AEH diminuiu a amplitude dos picos de temperatura e aumentou os tempos de pega
das argamassas com o cimento CPII-Z-32 em relagdo ao cimento CPII-F-40. O tempo de pega das argamassas
foi influenciado pelo tipo do cimento utilizado e pelos teores de aditivos.

Palavras-chave: aditivo incorporador de ar, aditivo estabilizador de hidratagdo, argamassa estabilizada,
tempo de pega.
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1 INTRODUCTION

The use of ready mix mortar as a coating has been increasing in construction sites of big cities. These mortars arrive
ready at the site for its use, and remain workable for up to 72 hours. These characteristics are due to the use of admixtures
in the composition of the mixtures; the most common ones being hydration stabilizing admixture (HSA) and air-
entrained admixture (AEA).
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Air-entrained admixtures (AEA) are organic materials that belong to the class of the surfactants, usually of a cation-
anion characteristic, being constituted with an (apolar) hydrophobic extremity and another(polar) hydrophilic one [1].
These admixtures decrease the superficial tension and modify the rheology of the mortars through the insertion of small
air bubbles, offering a better plasticity [2]. The improvement in the workability of the mixtures is the main effect of the
air-entrained admixture when used in mortars [2], [3], but it can also contribute to the delay of the reactions, since its
molecules join the cement particles through its polar part (attraction through opposing charges), with the apolar tail
focused towards the water [3]. This way, a layer of surfactants is formed around the cement particles which repels the
water and may retard the reactions of hydration, depending on the quantity of admixture employed [4]. The permeability
of the mortars may also increase with great quantities of entrained air, provided by the excess of AEA [3], and a decrease
of the compressive strength may occur [4].

Hydration stabilizing admixtures (HSA) are substances composed by an aqueous salt solution, hydrocarboxylated
acids and carbohydrates, that form long-lasting hydration delaying admixtures [5], which promote an increase of the
plasticity of the mortar for a greater period of time [6], [7]. When added to mortars they act over all of the minerals of
the clinker, reducing the concentration of calcium sulphate in the solution and forming a semipermeable layer around
the cement particles, which extends the time of its reactions and of the setting time [7]-[9]. In ready mix mortars they
are added together with kneading water, inhibiting the nucleation and formation of hydrated calcium silicates [8], [10],
the main responsible for the compressive strength in hardened mortars. This way, HSA increases the period of induction
and alters the rate of hydration of the compounds [11], [12]. However, the effects of the admixture on the process of
Portland cement may vary according to its chemical basis, occurring in an isolated or simultaneous way [13]. This way,
the formation of the hydrates may suffer delay, due to the adsorption of the molecules of the admixture through the
surface of the cement particles [11]. Besides this, the chelating property of the molecules of the admixture may also
hinder the precipitation and stabilize the dissolved calcium ions [14].

When the effect of the admixture disappears and the barrier formed is dissolved, the cement starts spontaneously to
hydrate, and the mortar tends to start its setting process [4], [10].

The rate of HSA employed interferes directly in the time of the blocking of the reactions [15], being even able to
act in such a way that the setting process does not occur or that an unwanted setting process ends up occurring. Besides
this, when used in excessive quantities, the stabilizing admixture reduces expressively the compressive strength of the
mortar [15]-[17].

This way, the employment and the dosage of the admixture in stabilized mortars requires specific studies and domain
of the variables involved in the process. Many factors may affect the performance of these mortars, with the possibility
of compromising its properties in the fresh and hardened states. The period of time and the procedure of the mixture,
the type and the rate of the admixtures used, the compatibility of the admixtures with the cement employed, the
consumption of the cement, the temperature and humidity, the type and granulometry of the aggregates, the quality of
the water and the form of storage of the ready mix mortar are some of these factors [3], [18]-[20].

The setting times of the ready mix mortars are important factors during its dosage, once it is these mortars that are
precisely commercialized with the objective of increasing the time of workability, therefore being necessary to increase
the initial time of the reactions. These times depend, among other factors, on the quantity of admixtures employed.
Campos [21] determined the setting time of the mortars with HSA, verifying a direct relationship with the admixture
content, as well Ruppenthal and Pelisser [22], Pivetta et al. [23]. Calgada et al. [19] also found this relationship, whereas
Guindani [13] verified one for stabilized pastes.

The initial setting times obtained by Campos [21] by the method of strength to penetration, according to
NBR NM 9 [24], were superior to the ones obtained by a semi-adiabatic calorimeter and by ultrasound, which were
also found by Macioski [20] in their analysis with batches of ready-mix mortars. Barbosa et al. [25] evaluated
admixtures pastes and mortars with only one rate of HSA by verifying the direct influence of the water over the setting
time of the pastes, while the presence of HSA increased the setting time of both. The setting time of the mortars with a
HSA were inferior to the pastes with HSA, for the same relations of water/cement, demonstrating the quantity of water
available in the system. According to Viecili et al. [26], the method of semi-adiabatic calorimetry proved to be adequate
for the determination of the setting times of the pastes made with different types of cement, when comparing them with
the results of the method of Vicat. The authors obtained the most coherent results for the setting times by the analysis
of the derivatives method.

Other factors that may affect the speed and the quantity of heat liberated in the reactions of hydration are the type
and the fineness of the cement. The finer the cement, the faster it will tend to react, once the hydration occurs from the
surface to the interior of the grain [27]. With a greater quantity of particles per unit of mass, and, therefore, a greater
area of surface in contact with the water, the rate of reactivity tends to be greater [28], [29]. However, none of the
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studies mentioned evaluated the influence of HSA and AEA in different dosages and combinations over the setting
times of the mortars. The effect of these admixtures over different types of cement was also not evaluated.

In view of the still existent gaps and the absence of specific norms for the employment of admixtures in ready-mix
mortars, this study monitored the temperature of the mortars during the process of hydration, using two distinct types
of cement (CPII-F-40 e CPII-Z-32) and different rates of air entrained (AEA) and hydration stabilizing admixtures
(HSA). Therefore, the objective was to establish comparatives related to the setting times of the mortars for each type
of cement, estimated by different methods of calculus (tangent, direct fraction and derivatives method), evaluating the
conjunct and isolated action of each admixture.

2 MATERIALS AND EXPERIMENTAL PROGRAM

2.1 Materials

The study evaluated the temperature in the initial ages of the mortars using two types of Portland cement, varying
the dosages of hydration stabilizing (HAS) and air entrained admixtures (AEA), in order to obtain the initial and final
setting times of these. The mortars were made in laboratory, with the materials employed supplied and chosen due to
their use by manufacturers of ready-mix mortar of the south region of the country.

The cements used in this research were a Portland cement composed with carbonate material (CPII-F-40) and a
Portland cement composed with pozzolanic material (CPII-Z-32), both from the same manufacturer, denominated in

this research as cement F and cement Z, respectively. The tests of characterization of Portland cement are found in
Table 1 and Table 2.

Table 1. Physical characteristics of cements CPII F-40 and CP II Z-32.

Property Cement F Cement Z Method
Specific mass (g/cm?) 3.10 3.06 ABNT NBR 16605 [30]
Fineness index (#0.075mm) (%) 0.12 0.51 ABNT NBR 11579 [31]
Percentage of water for normal consistency (%) 29.00 28.71 ABNT NBR 16606 [32]
Initial setting (h:min) 4:00 4:10 ABNT NBR 16607 [33]
Final setting (h:min) 5:20 5:44 ABNT NBR 16607 [33]
Surface area (m%/g) 1.2592 1.2844 BET
Pore volume (cm’/g) 0.004791 0.004190 BET
Pore dimension (nm) 20.0047 17.7925 BJH/BET
Table 2. Chemical, physical, and mechanical characteristics of cements CPII F-40 and CP 11 Z-32.
Chemical Tests
Cement F Cement Z Code Limit Normative
Ignition loss (%) 4.86 5.26 < 6.5 ABNT NBR NM 18 [34]
Magnesium oxide (%) 5.90 5.52 < 6.5 ABNT NBR NM 14 [35]
Sulfur trioxide (%) 3.56 2.83 < 4.0 ABNT NBR NM 16 [36]
Insoluble residue (%) 0.82 13.17 <25/<16 ABNT NBR NM 22 [37]
Physical and Mechanical Tests
Blaine (¢cm?/g) 4521.50 3657.50 >2800/>2600 ABNT NBR 16372 [38]
Hot expansibility (mm) 0.38 0.55 <5.0 ABNT NBR 11582 [39]
1 day 23.73 12.51 N/A
Compression 3 days 34.47 22.89 > 150/ > 10.0 ABNT NBR 7215 [40]
strength 7 days 40.25 28.17 > 25.0/ > 20.0

28 days 47.68 37.13 > 40.0/ > 32.0; < 49.0

Source: Portland Cement Manufacturer

The fine aggregate employed (sand) is natural, from the river of the city of Santa Maria/RS, with its characteristics
specified on Table 3. The choice of this aggregate was due to the study conducted by Antoniazzi [45]. In this study
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statistically significant differences were not found related to the entrainment of air for mortars made with different
granulometries. Therefore, the material with greater viability and easiness of access was chosen.

Table 3. Properties of the small aggregate.

Propriety Sand Method
Maximum characteristic dimension (mm) 1.20 ABNT NBR NM 248 [41]
Fineness module 1.73 ABNT NBR NM 248 [41]
Specific mass(g/cm®) 2.64 ABNT NBR NM 52 [42]
Unit mass (g/cm®) 1.63 ABNT NBR NM 45 [43]
Content of pulverulent meterial (%) 4.94 ABNT NBR NM 46 [44]
Surface area (m?%/g) 0.5424 BET
Pore volume (cm?/g) 0.001156 BET
Pore dimension (nm) 8.4833 BJH/BET

Source: Author.

The granulometry of the aggregate was conducted according to NBR NM 248 [41] and may be verified in Figure 1.
Before the preparation of the mortars, the aggregates were dried in an oven during 24 hours.

Sand
Meshes % - 0
: ; 3
DL oy Rewined pmiihe 2o o0
Percentage i & 40

9.50 0.00% 0.00% 2%

4.80 0.08% 0.08% EEY

2.40 0.40% 0.47% & g

1.20 1.78% 2.25%

0.60 15.19% 17.45% i

0.30 51.31% 68.76% Bottom 0.01 0.10 1.00 10.00

0.15 15.33% 84.08% Meshes opening (log mm)
Bottom 15.92% 100.00%

Figure 1. Particle size of Sand.

The mortars were prepared using two types of admixtures, an air entrained admixture (AEA) and a hydrating
stabilizing (HAS). The technical data, supplied by the manufacturer, is found on Table 4.

Table 4. Technical data of the air-entrained admixture (AEA) and hydration stabilizing admixture (HSA).

Characteristics AEA HSA
Chemical base Sulfated ethoxylated fatty alcohol salt -

Aspect Liquid Liquid

Color Yellow Brown

Density (g/cm?) 1.00 1.17
Solids content (%) 3 45
pH 9 6
Solubility Soluble in water (20°C) Soluble in water
Dosages (% cement weight) 0.1-0.5 02-1.5

Source: Admixtures manufacturer.
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2.2 Experimental Program

All of the tests were conducted in the Civil Engineering and Material Laboratory — CEML — and in the
Environmental Processes Laboratory — EPL — both of Federal University of Santa Maria (UFSM).

Eighteen mortars were prepared with the same proportion in mass of 1:6.5, relation of water/cement of 1.0 and fine
aggregate. The dosages of the admixtures used were varied, with the rates of 0.0%, 0.6% e 0.9% of HAS and of 0.0%,
0.2% e 0.4% of AEA being employed, related to the cement mass. Of the eighteen mortars prepared, nine used Cement
F and nine used Cement Z Table 5 presents the mortars studied in this research with its respective denominations.

Table 5. Mortar mixtures with cements F and Z.

Mortar HSA (%) AEA (%) Type of cement Nomenclature
A1(0.0/0.0) 0.0 0.0 oo Al 28%3
A20.60.0) 06 00 Coment 2 70710600
A3(0.9/0.0) 09 0.0 Coment 2 ggiggﬁggi
A4(0.0/0.2) 0.0 02 Coment 7 23258332
A5(0.0/0.4) 0.0 0.4 EZEZEI ; 2323137312
A6(0.6/0.2) 0.6 02 Coment :2;82?82
A7(0.6/0.4) 0.6 0.4 Coment 7 ;’;322382
A8(0.9/0.2) 0.9 0.2 ESESEI ; 22283732
A9(0.9/0.4) 0.9 0.4 (C:ZEEE: ; ﬁzgﬁgﬁgig’g

The mortars were prepared in a mixer of 5 liters, with planetary movement. The procedure of mixture was performed
based on recommendations described in NBR 7215 [40] with adaptations for the use of admixtures and within the time
of rest as described below. Initially all of the water was inserted (in the mortars with admixtures, these were added at
this moment and mixed in low speed with the water during 20 seconds for homogenization) and, afterwards, all of the
Portland cement. With the mixer in low speed, the materials were mixed during 30 seconds. Afterwards, without
paralyzing the equipment, the sand was introduced gradually, during a period of 30 seconds. After the sand was inserted,
the speed was altered to high and the materials were mixed for another 30 seconds. The mixer was turned off during
15 seconds for the withdrawal of mortar adhered to the walls with the help of a shovel. The mixer was then turned on
again in high speed for 180 more seconds, totalizing a full time of 270 seconds, as established by Antoniazzi [45], for
a maximum entrainment of air.

For each mixture of mortar three samples were evaluated, which were placed in distinct semi-adiabatic calorimeters.
Figure 2 presents a scheme of the system performed, in cut, which consists in an expanded cup of polypropylene
(Styrofoam) with a lid, and an internal diameter of 8 cm and a useful height of 11 cm. This cup was inserted in a box
of the same material with a lid, with dimensions of 20 x 25 x 28 cm. Both were coated with aluminum paper internally
and externally for a better thermal isolation. The cup received the sample of mortar in its interior and had a thermocouple
“type t” wire submerged. The space between the two boxes was filled with small spheres of expanded polypropylene
(Styrofoam), which were confined by a sheet of expanded polypropylene (Styrofoam) on the superior part. The
thermocouple wire was connected to the data collector (Fieldlogger Novus), which was interconnected to a computer
with Novus Fieldchart software, for data plotting. This way, each mixture was placed in a calorimeter, where the
evolution of the temperature for 336 hours (14 days) was followed up. The collection of the data was programmed to
be registered every ten minutes.
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Figure 2. Scheme of the semi-adiabatic calorimeter in section.

The sequence of assembly of the boxes for the rehearsal occurred in the following way: first, a hole was made on
the 1id of the cup, where the thermocouple wire type T (Figure 3a) was inserted, with the depth, that should penetrate
in the box in order for it to remain always in the same position (half height) inside the samples, being marked. Small
spheres of expanded polypropylene were placed (Figure 3b) around the cup containing the sample of mortar in its
interior, which was inserted inside a plastic bag to make the reutilization of the cups possible (Figure 3c). The filling
of the sample was performed in two layers, with 20 blows of metallic socket and 3 falls of approximately 3 cm in each
one, with a volume of mortar of approximately 553 cm3. The cup with the sample was closed with a lid (Figure 3d),
surrounded by spheres of isopropylene and fit into the hole of the plate. The box was also perforated on its side for the
passage of the thermocouple wire to the external space (Figure 3e), closing the holes with liquid silicone where the
thermocouple wire passed. The thermocouple wire was connected to the data collector (Figure 3f). Based on the data
obtained, three distinct methods were used for the analysis and determination of the initial and final setting times: the
tangent method [46], direct fraction method [26], [47] and the derivatives method [48]. In each of the methods the times
considered for each mixture was the arithmetic mean between the three samples tested.

i
| W+

Figure 3. Sequence of the assembly of the boxes for the initial setting time test. (a) thermocouple type T; (b) expanded
polypropylene box with cradle for small expanded polypropylene spheres; (c) expanded polypropylene cup positioned inside the
box, embedded in expanding polypropylene plate, receiving the mortar sample within; (d) thermocouple positioned within the
sample, properly capped and sealed with silicone; (e) closed box with the sample inside and thermocouple exiting the external
medium, connecting to the data collector; (f) system ready and connected to the data collector.
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The tangent method, as demonstrated on Figure 4 [46], estimates, based on the values of temperature versus time,
the time of the beginning of the setting process through the trace of horizontal lines that tangent the curve in the
maximum and minimum temperature points. The tangent lines, by turn, are intercepted by a third line superimposed to

the curve in the period of acceleration and reaction to hydration. The points of intersection between the traced lines
correspond to the initial and final setting times.

w
o

w oW W oW w
B N W A O
L

Y30 -
g
‘E 29
@ 28
o
E 27
2
26
25
25
23 ! Initial setting H Final setting
! time . i
22 ‘/ ./ time
: i
21 T — T —
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 !
Time (h)

Figure 4. Scheme representing the determination of the initial and final setting times by the tangent method.

Through the direct fraction method [26], [47] the initial and final setting times are determined by percentages of the
total increase of the temperature. This way, in controlled environment conditions, the initial setting time is equivalent
to 21% of the difference between the temperature of the beginning of the induction and superior peak of the temperature
reached, while the final time is equivalent to 42%, as shown in Figure 5.

N NN W W
s

NN
0N oW o

Temperature (°C)

N
kS

Initial Final
setting setting
time time

NN
N W

N
s

0 1 2 3 4 5 6 77 8 9 10 111213 714”71:5”71-6”71-7
Time (h)
Figure 5. Scheme representing the determination of the initial and final setting times by the direct fraction method.

The derivatives method [48] is based on studies that demonstrated that the initial setting time is equivalent to the
maximum peak of temperature of the second derivative of the temperature versus time curve, while the final setting
time is obtained through the peak of the first derivative, according to the demonstration on Figure 6.

To allow the analysis of the mortars under the same conditions of molding, testing and temperature (24°C), the
mortars of the same trace and same rate of admixture were simultaneously molded, varying only the type of Portland
cement (Cement F and Cement Z). The monitoring of the mortars started 20 min after the confection of the samples
due to the assembly, transportation to the air-conditioned location and connection to the field logger.
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Figure 6. Scheme representing the determination of the initial and final setting times by the derivatives method.

The data of the research was analyzed with the help of the SPSS (Statistical Package for Social Sciences, version 20.0)
program, using T Tests and ANOVA with the Tukey Post Hoc Test (p<0.05) for the comparison of the results between the
different mixtures and between mortars with the two types of Portland cement. The determination coefficient (R?) was used to
classify the adjustment of the data to a regression model, and also Pearson’s linear correlation coefficient (r) was calculated,
which expresses the intensity and the sense of linear relation existent between the two numeric variables. In data analysis, when
(p<0.05), it is considered that there is a significant statistic difference between the results, otherwise there are no significant
differences. When there were differences, the Post Hoc Tukey Test was applied to evaluate which groups are different and which
are similar, with superscript letters for identification. When the results receive the same superscript letter this indicates that there
are no differences between them, whereas, when the letters are different, they are statistically different.

3 RESULTS AND DISCUSSIONS

The curves of the temperature versus time, for each one of the mortars studied are presented in Figure 7, with (a)
the mortars prepared with cement F and (b) the mortars prepared with cement Z in its composition.

A1F(0.0/0.0)

A4F(0.0/0.2) Cement F

W
FQVECN

ASF(0.0/0.4)  A2F(0.6/0.0),ATF(0:6/0.4) (a)
\ AGF(0.6/0.2) A3F(0.9/0.0)
P AY Jomg ABF(:9/02)
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\ -
4

Figure 7. Evolution of the mortar temperatures over time, for cement F (a) and cement Z (b).

It is observed in Figure 7 that the type of Portland cement employed influenced in the process of hydration and in
the formation of the hydrated compounds. This behavior was verified because, for a same trace and same rate of
admixture, the type of cement used altered almost all of the setting times and peaks of temperature reached. Through
the curves of evolution of the temperature with time (Figure 7) it is perceived that the mortars with cement F reached
greater temperatures than the ones with cement Z, probably due to the greater liberation of heat during its reactions of
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hydration. This may be attributed to the greater fineness of the cement (values of fineness obtained through the method
of air entrainment — the Blaine method — Table 2) and also to the fact that cement Z contains a greater quantity of
pozzolans (rate of insoluble residues — Table 2), where the quantity of clinker is greater in cement F, influencing the
rate of hydration of the particles [12]. Like cement F, besides being finer (Table 2), it has a greater rate of anhydrous
compounds, such as, for example, tricalcium aluminate (C3A) and tricalcium silicate (CsS), increasing the temperature
in the first ages due to the liberation of heat through the exothermic reaction of hydration of these components.

A great influence of the HSA admixture in the setting times was observed in the mortars studied. For the two types of cement,
the reactions of hydration of Portland cement began during the first hours for mortars A1(0.0/0.0), A4(0.0/0.2) e A5(0.0/0.4); in
other words, for all that did not have HSA in its composition The other mixtures suffered an increase of time during the beginning
of the setting process, possibly due to the water repellent layer that HSA forms over the particles of cement [7], [8]. The increase
of the initial setting time was influenced directly by the rate of HSA used, through the type of cement and by the combination
with AEA. It is also possible to observe that, the greater the quantity of HAS in the composition of the mortar, smaller was the
amplitude of the peak of temperature reached, as evidenced in Figure 7 and Figure 8, indicating a greater dissipation of the heat
and delay in the rate of hydration of the compounds [13], [15].
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Figure 8. Maximum temperatures reached by mortars with cement F and cement Z.

3.1 Comparison between the methods of determination of the setting times

Through the data of the temperature due to the time, the initial and final setting times were determined through three
methods: of the tangents, direct fractions and of the derivatives. The mean results, followed by the standard deviations,
are presented in Tables 6, 7 and 8 for the mortars analyzed.

Through the analysis of data of Table 6, it is observed that there was no statistically different difference between
the setting times obtained by the two types of cement, both for mortar A4(0.0/0.2), as well as A5(0.0/0.4). As for mortar
A1(0.0/0.0), there were considerable differences (p**=0.024) for the initial setting time; however, the final setting times
were similar (p**=0.230).

Table 6. Mortar setting time (M+SD) using cements F and Z, by the tangent method.

Initial setting time (h) Final setting time (h)

Mixture (HSA/AEA)

Cement F Cement Z p* Cement F Cement Z |
Al (0.0/0.0) 4.17+£0.29 A 3.33+0.29 4 0.024 13.00+0.29 4 12.83+0.29 4 0.230
A2 (0.6/0.0) 93.17£1.26 B 132.00+1.00 € <0.001 100.50+0.50 B 140.17+0.76 € <0.001
A3 (0.9/0.0) 155.50+1.32 £ 227.83+0.29 E <0.001 175.50+0.87 £ 246.83+0.29 £ <0.001
A4 (0.0/0.2) 5.33+0.29 A 4.50+0.50 A 0.067 13.83+0.29 4 14.00+0.50 & 0.643
A5 (0.0/0.4) 5.00+0.50 A 4.50+0.50 A 0.288 14.67+0.76 A 14.50+0.50 & 0.768
A6 (0.6/0.2) 110.17+0.76 P 106.00+1.73 B 0.019 121.67+0.76 P 117.50+1.32 8 0.009
A7 (0.6/0.4) 105.00+0.50 € 153.33+0.76 P <0.001 114.17+0.29 € 182.83+£1.26 P <0.001
A8 (0.9/0.2) 154.00+1.00 E 290.00+0.50 © <0.001 183.00+1.00 F 386.00+£5.67 6 <0.001
A9 (0.9/0.4) 223.00+1.00 F 264.33+0.29 F <0.001 237.83+0.76 © 278.17£2.52 F <0.001
p* <0.001 <0.001 - <0.001 <0.001 -

p* ANOVA with Tukey com Post Hoc: comparison between the setting times of the nine different mixtures with the same cement; p** T Test of
independent samples: comparison between the setting times obtained by the same mixture with different types of cement.
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Table 7. Mortar setting time (M+SD) using cements F and Z, by the direct fraction method.

Initial setting time (h)

Final setting time (h)

Mixture (HSA/AEA) Cement F Cement Z P Cement F Cement Z P
Al (0.0/0.0) 5.76+0.214 5.44+0.49 A 0.353 8.91+0.17 4 7.45+£0.46 A 0.007
A2 (0.6/0.0) 94.17+0.65 B 133.36+0.67 € <0.001 95.56+0.94 B 135.30+0.59 € <0.001
A3 (0.9/0.0) 159.54+1.10 231.50+0.60 E <0.001 164.09+0.85 £ 236.53+0.64 £ <0.001
A4 (0.0/0.2) 7.11+0.22 A 6.35+£0.40 A 0.053 8.90+0.33 4 8.44+0.43 A 0.214
A5 (0.0/0.4) 7.16+0.40 A 6.69+0.34 A 0.196 8.89+0.40 A 8.28+0.30 0.099
A6 (0.6/0.2) 112.51£1.02 P 108.43+1.32 B 0.013 114.97+0.98 P 110.73+1.28 B 0.010
A7 (0.6/0.4) 106.50+0.82 € 160.54+0.98 P <0.001 108.56+0.66 € 166.36+1.04 € <0.001
A8 (0.9/0.2) 160.2840.72 £ 294.55+0.67 ¢ <0.001 167.44+0.58 F 298.16+1.00 © <0.001
A9 (0.9/0.4) 224.65+0.12 F 266.69+0.21 F <0.001 228.34+0.06 ¢ 270.20+0.65 F <0.001

p* <0.001 <0.001 <0.001 <0.001

p* ANOVA with Tukey com Post Hoc: comparison between the setting times of the nine different mixtures with the same cement; p** T Test of
independent samples: comparison between the setting times obtained by the same mixture with different types of cement.

It is perceived, on Table 7, that the values found also indicate a similarity among the results of the setting time of
mortar A4(0.0/0.2) for the two types of cement, also verified for A5(0.0/0.4). In the mixture A1(0.0/0.0), the initial
setting times were statistically similar (p**=0.353) and the final setting times divergent (p**=0.007).

Table 8. Mortar setting time (M+SD) using cements F and Z, by the derivative method.

Initial setting time (h)

Final setting time(h)

Mixture (HSA/AEA) Cement F Cement Z Pp** Cement F Cement Z P**
A1 (0.0/0.0) 6.31+0.27 A 5.67+0.70 4 0.216 8.36+0.18 A 8.26+0.25 4 0.774
A2 (0.6/0.0) 94.26+0.70 B 132.56+0.80 € <0.001 98.45+0.76 € 134.30+1.22 P <0.001
A3 (0.9/0.0) 166.31+0.85 F 229.74+0.70 £ <0.001 179.80+0.86 © 239.77+0.50 F <0.001
A4 (0.0/0.2) 7.05+0.12 A 7.09+0.30 A 0.840 10.07+0.55 AB 15.74+0.55 B <0.001
A5 (0.0/0.4) 6.63+0.39 A 7.40+0.53 A 0.113 11.37+0.35 B 9.27+0.39 A 0.002
A6 (0.6/0.2) 113.85+1.25P 105.28+0.01 B <0.001 115.91+1.06 F 110.45+0.01 € 0.001
A7 (0.6/0.4) 106.58+0.69 ¢ 155.52+0.75 P <0.001 109.60+0.84 P 163.94+0.75 E <0.001
A8 (0.9/0.2) 152.30+0.93 £ 296.29+0.71 G <0.001 168.25+0.66 F 301.69+0.71 1 <0.001
A9 (0.9/0.4) 227.36+1.26 ¢ 267.48+1.02 F <0.001 230.65+£0.36 1 273.57+1.02 6 <0.001

p* <0.001 <0.001 <0.001 <0.001

p* ANOVA with Tukey com Post Hoc: comparison between the setting times of the nine different mixtures with the same cement; p** T Test of independent
samples: comparison between the setting times obtained by the same mixture with different types of cement.

Through the derivatives method (Table 8) the initial setting times between cement F and cement Z were statistically equal
for mortars A1(0.0/0.0), A4(0.0/0.2) e A5(0.0/0.4). For the final setting time there was only a similarity for A1(0.0/0.0).

Figure 9 presents a comparison between the initial setting times obtained with cement F (Figure 9a) with cement Z
(Figure 9b), estimated by the tangent, direct fraction, and derivatives methods. In general, the results obtained by the
three methods of calculus employed demonstrated coherence and proximity with one another.

300 1 Cement F 300 1
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Figure 9. Initial setting times obtained by different methods for mortars with cements F and Z.
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This way, Figure 10 presents the correlations obtained for the initial setting time obtained by the three methods
employed, together with the determination coefficients (R?), and Pearson’s correlation (r), of the equation of linear
tendency. Excellent correlation coefficients between all of the methods were obtained, with the best correlation obtained
between the tangent and direct fraction methods (1=0.9998) (Figure 10a).
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Figure 10. Correlation between the initial setting times obtained by the tangent, direct fraction, and derivatives methods, for
mortars with cement F and cement Z.

Figure 11 presents the final setting times obtained through the tangent, direct fraction and derivatives methods for
cement F (Figure 11a) and for cement Z (Figure 11b). The greatest differences between the three methods evaluated
were obtained for the final setting times, as shown in Figure 11. These differences are due to the fact that the tangent
method consider the end of the setting process only when the temperature reaches the maximum peak after the period

of induction [27], [29], [49], while in the other methods the end is considered before, being located close to the half of
the period of acceleration [26], [50], [51].
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Figure 11. Final setting times obtained by different methods for mortars with cements F and Z.

Figure 12 presents the correlations found for the final setting times for the three methods together with the
determination coefficients (R?) and Pearson’s correlation (r), of the equation of line of linear tendency.
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Figure 12. Correlation between the final setting times obtained by the tangent, direct fraction, and derivative methods.
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In all of the correlations for final setting times, coefficients (r) very close to 1.0 were obtained, demonstrating and
excellent correlation between the different methods. The greatest correlation coefficient (r) was obtained for the final
setting time between the direct fraction and derivatives methods(r=0.9992) (Figure 12b).

Considering the initial and final setting times, the method that best correlated with the other was the one of direct
fractions. Therefore, the times established by the direct fraction method were used for the data analysis of this study of
the mortars of this study.

3.2 Analysis of the setting times — Direct fraction method

As demonstrated on Table 7, for the mixtures without HSA, that is, A1(0.0/0.0), A4(0.0/0.2) and A5(0.0/0.4), the
initial and final setting times were statistically equal (p**>0.05) between each other and for the two types of cement,
demonstrating that the presence and the rate of admixture did not influence the setting time. Romano [3] also observed
that the AEA admixture did not influence the hydration of the Portland cement. Numerically, for these mixtures, the
initial setting time of cement Z was smaller than the one of cement F. In the mixtures that contained HSA, the initial
and final setting times of the mortars with cement Z were very superior (p**<0.001) to the ones obtained with cement F,
being up to 84% superior in A8(0.9/0.2). The exception was for mixture A6(0.6/0.2), which had the initial setting time
with cement F delayed in 4 hours when compared to cement Z (p**=0.013). This behavior may be explained by the
particles of fly ash (contained in cement Z) being able to absorb the molecules of the HSA admixture, with a continuous
poisoning of the growth of the hydrates, slowing down and prolonging the reaction, resulting in peaks of temperature
with lower levels and of greater amplitude of base (the mortars with cement F reached higher temperatures than the
mortars with cement F, for the same composition of the mortar — Figure 8). Similar results were obtained by Guindani
[13] in admixture pastes.

Figure 13 presents the results of the initial and final setting times obtained for the mortar with HSA and AEA with
cement F and cement Z by the direct fraction method.
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Figure 13. Initial and final setting times for mortars with cements F and Z, by the direct fraction method.

By comparing the initial setting time of the same mixtures prepared with the different cements, an increase in the
setting time of the mortars with cement Z in relation to the ones with cement F was verified of approximately 39 h of
difference in A9(0.9/0.4). In the mortars without AEA the setting times obtained with the two types of cement were
similar between one another, that is, they did not present statistically significant differences between their values
(Table 7). With the use of HSA, the mortars with cement Z had a delay in the potentialized setting time. Once the
hydration processes from the surface to the inside of the grain, a bigger grain of cement (cement Z) would, naturally,
take longer to hydrate than a smaller one (cement F).

According to Trevisol [7] and Souza [9], the admixture forms a film around the grain of cement, which repels the
particles of water; therefore, the greater the grain, greater the quantity of molecules of the admixture adhered to cover
its surface. On the other hand, it is likely that that the dissolution of this hydro repellent layer may be more difficult
with a greater quantity of molecules of admixture adhered; therefore, the greater would be the effect of the delay of the
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setting time. Besides this, cement Z is a Portland cement composed with pozzolanic material, containing approximately
13.17% of fly ash, obtained through the test of insoluble residue (Table 2), and, consequently, a greater quantity of
clinker, which also influences the speed of the reactions of hydration and consequently the setting time. According to
Mehta and Monteiro [4], pozzolanic cement has a slow reaction, consequently the rates of liberation of heat and the
development of resistance also occur in a slower way, consuming calcium hydroxide instead of producing it.

By analyzing the mortars of each type of cement, it is observed that, when only HSA is added in the mixtures in its
smallest rate studied, the initial setting time is already greater in 88 h for cement F - A2(0.6/0.0) and in 128h for cement
Z - A3(0.9/0.0), when related to A1(0.0/0.0). This behavior may be explained by the influence of the HAS both in the
setting time as well as the heat of hydration of the cement [52].

Figure 14 presents, for the mortars with cement F (a) and with cement Z (b), the effect of the increase in the rate of
HSA from 0.0% to 0.6% and 0.9% for the mortars with only HAS, mortar with HAS associated with 0.2% of AEA and
mortars with HAS associated with 0.4% of AEA. In Figure 14a, it is perceived that, for the mortars with cement F, by
adding 0.6% of HSA only — A2(0.6/0.0), the initial setting time increased in 88 h related to the same mixture with 0.0%
of HSA — A1(0.0/0/0). By increasing the HSA from 0.6% to 0.9% - A3 (0.9/0.0), the initial setting time was elevated
to 65 more hours, totalizing a delay in 154 hours when related to the reference- A1(0.0/0.0). In the mortars that
associated HSA to 0.2% of AEA, the increase of the time of the beginning of the setting process with 0.6% HSA,
increasing 48 hours to the delay when used 0.9% of HSA — A8(0.9/0.2). In the mortars that associated HSA to 0.4% of
AEA, there was a delay in the time of the initial setting time of 99 hours with the adding of 0.6% of HSA- A7(0.6/0.4)
in relation to the mortar with 0.0% of HSA A5 (0.0/0.4). By increasing the rate HSA of 0.6% - A7 (0.6/0.4) to 0.9% -
A9 (0.9/0.4), this delay increased in more 118 hours, totalizing a delay of 217 hours in comparison to the mortar without
HSA - A5(0.0/0.4).
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Figure 14. Effect of the increase in the content of HSA at the initial setting time of the mortar.

In Figure 14b the results obtained for the mortars with cement Z are exposed, where 128 hours more in the initial
setting time were obtained when adding only 0.6% of HAS -A2(0.6/0.0), in comparison to the reference — A1(0.0-0.0).
When increased to 0.9% of HSA — A3(0.9/0.0) the initial setting time was amplified in 98 more hours, that is, a delay
of 226 hours related to A1(0.0/0.0). When combined to 0.2% of AEA, the rate of 0.6% of HAS — A6(0.6/0.2) offered
102 more hours to the initial setting time in relation to A4(0.0/0.2). Whereas with the rate of 0.9% of HAS — A8(0.9/0.2)
a delay of 168 more hours in the initial setting time was verified. For the mortars of 0.4% of AEA, 145 more hours
were obtained during the setting time of A7(0.6/0.4), in relation to A5(0.0/0.4), increasing in 106 more hours when
employed 0.9% of HSA - A9(0.9/0.4). This represents a total increase in the setting time of 260 hours, comparing
A9(0.9/0.4) with A5(0.0/0.4). These results demonstrate how the adding of HSA, increases the initial setting time of
the mortars [13], with more effects for the mortars with cement Z being perceived, as previously discussed.

Observing the action of the AEA in the setting time of the mortars through Table 7, a small increase in the setting
time of the mortars admixture with only AEA is observed, in relation to A1(0.0/0.0), for both cements. Statistically the
initial setting times of A4(0.0/0.2) and A5(0.0/0.4) are not different from A1(0.0/0.0) (Tukey Post Hoc = A), however,
numerically, a small increase in the time only by the use of AEA (up to 1.4hrs) is observed, with no directly proportional
relation with the rate employed being observed.

However, when combined to HSA, the evidence of action of the AEA becomes evident, over the reactions of
hydration of cement, as observed both in Table 7 as well as Figure 14. When comparing A2(0.6/0.0) with A6(0.6/0.2)
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and A7(0.6/0.4), it is verified that all of the mixtures have the same rate of HAS; however, when AEA is added, 18 ad
12 hours more are obtained, respectively, in the initial setting time for cement F (Figure 14a). Whereas with cement Z
(Figure 14b), mortar A6 (0.6/0.2) started the setting process 25 hours before A2(0.6/0.0), while A7(0.6/0.4) delayed
27 hours. When comparing A3(0.9/0.0) with A8(0.9/0.2), no differences were found for the initial setting time of
cement F (Figure 14a); whereas for cement Z, there were 63 hours of delay (Figure 14b). Still, when comparing
A3(0.9/0.0) with A9(0.9/0.4), there is, for cement F, 65 hours of increase (Figure 14a) and 35 hours for cement Z
(Figure 14b). The molecules of ARA may possibly join the molecules of HSA, due to the attraction by opposite charges
[3], in such a way that its apolar tail may contribute to a hydro repellent barrier formed around the grains of cement,
increasing even more the initial setting time. This way, a distinct behavior when the admixtures are used simultaneously
is clearly observed, influencing the initial setting time.

Trevisol and Koman [53] smaller values for the setting times with cement Z, in comparison to the ones obtained in
this study. The authors obtained 98 hours for the initial setting time of the mortar with 0.6% of HSA, while in the
present study, for this same rate of HAS, 108 to 160 hours were obtained, depending on the rate of AEA associated.
However, Trevisol and Koman [53] prepared mortars in factory, with a trace 1:6 (a/c=1.05), which may cause
differentiated effects on the properties.

Schackow et al. [15] also evaluated the temperature of the ready-mix mortars with CPII Z-32 in a semi-adiabatic
calorimeter, obtaining initial setting times close to 50 hours. Besides the traces of distinct admixtures, it was expected
that the setting process would occur faster than the similar traces studied in this research, once the authors decreased
the quantity of water of the mixtures according to the rates of admixtures employed.

Campos et al. [46] found an initial setting time of 70 hours for the mortar with cement F - 32 (1:6 e a/c=0.87) with
0.9% of HSA, a value very inferior to the one obtained in the present study for the same rate of isolated HSA (159
hours). However, besides the distinct proportion, there are quite different characteristics for the HAS employed and the
cement and aggregates, altering the properties of the mixture.

It is worth pointing out that the chemical basis of the HSA admixture combined with the AEA admixture, with
distinct rates and compositions, may have influenced the setting time by demonstrating distinction of the results
obtained for each study. This way, it is recommended that an evaluation of the interaction of these admixtures with
Portland cement, which will be used in the dosage of the ready-mix mortars, be conducted.

For cement F, the following sequence for the beginning of the reactions of hydration, in growing order of the events,
was observed: A1(0.0/0.0) = A4(0.0/0.2)) = A5(0.0/0.4) < A2(0.6/0.0) < A7(0.6/0.4) < A6(0.6/0.2) < A3(0.9/0.0)) =
A8(0.9/0.2) < A9(0.9/0.4). Whereas for cement Z, the sequence suffered some alterations and happened in the following
order: A1(0.0/0.0)) = A4(0.0/0.2)) = A5(0.0/0.4) < A6(0.6/0.2) < A2(0.6/0.0) < A7(0.6/0.4) < A3(0.9/0.0) <
A9(0.9/0.4) < A8(0.9/0.2).

These results demonstrated that the AEA may also influence the setting time of the mortars, with significant effects
observed when associated to the employment of HSA. However, a direct relationship was only verified between the
setting time and the rate of AEA in the mortars with cement F that employed AEA associated to 0.9% of HSA and for
cement Z with AEA associated to 0.6% of HSA.

In relation to HSA, the initial setting time of the mortars demonstrated having a direct relationship with the rate
employed for all cases studied, as shown in Figure 14.

5 CONCLUSIONS

With the results obtained, it was verified that the three methods of determination used to estimate the setting times
of the mortars demonstrated having a very strong correlation between them. For the analysis conducted, the direct
fraction method was chosen because it presented a better correlation with the other methods.

During the period evaluated, a greater temperature in the mortars with Cement F was verified than with the ones
with Cement Z, once cement F is finer and has a smaller quantity of additions. In the mixtures without admixtures or
only with AEA, there were no significant differences found between the setting times with the different types of cement.
When HSA was added the effect of the fineness of the cement and the use of admixture in the Portland cement
(pozzolanic material) potentialized the increase of the setting time due to the use of the admixtures, with a greater
setting time of the mortars prepared with cement Z being verified.

The initial setting time of the mortars demonstrated having a direct relation with the rate of HSA employed for all
of the cases studied, in both cements. The employment of AEA also offered a delay in the setting time of the mortars
when associated to the employment of HSA.
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Therefore, it is possible to conclude in this research that for ready-mix mortars, the type of cement and the rate of
the admixtures employed, HSA and AEA, influence the setting time, demonstrating clearly the need of a study for the
dosage of the ready-mix mortar, once it is commercialized based on its period of time of workability.
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