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ABSTRACT

This work evaluated the efficiency and workability manteinance of a polyfunctional (lignosulfonate-based)
and a superplasticizer (polycarboxylate-based) admixture in high-performance pastes (water/cement ratios of
0.30, 0.33 and 0.36) produced with two types of Portland cement (one pozzolanic and one high early
strength). The workability of the pastes was evaluated by the mini slump test immediately after mixing, and
after 20 and 40 minutes. Furthermore, the mechanical strength of pastes with fixed w/c ratio (0.36) and mini
slump (130 mm), produced with the different combinations of cements and admixtures, was evaluated. The
results showed that the CP IV+lignosulfonate and CP V-ARI+polycarboxylate mixes presented the best
workability maintenance over time. The pastes produced with CP V-ARI presented 28-day strengths about
22% higher than those produced with CP IV, for both admixtures. In turn, the lignosulfonate-containing
pastes showed strengths about 10% higher than those produced with the polycarboxylate-based admixture.
Overall, it was possible to obtain the same workability for high-performance Portland cement pastes
produced with both admixtures and cements; however, the workability mantainance and mechanical strength
highly depends on the combination of cement and admixture used.
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1. INTRODUCTION

Modern concrete contains components with very specific characteristics that give particular properties to the
mix, as well as chemical admixtures that have even more specific effects [1]. The use of admixtures in ce-
mentitious materials enables the production of mixes for a wide variety of applications due to the advantages
they provide in both fresh and hardened state [2]. Water-reducing admixtures are also known as plasticizers
and superplasticizers, and act as cement particle dispersants. These products are used in concrete to increase
its flowability without changing the mix compasition, or by reducing the water consumption while maintain-
ing the workability, therefore reducing the water/cement (w/c) ratio and improving the mechanical strength
and durability. The main difference between plasticizers and superplasticizers is in performance: while a
plasticizer can decrease the mix water by 5-12%, the superplasticizer is able to reduce the amount of water by
20-30% [3].

In concrete, the hydrating cement particles tend to flocculate due to the polarity of the water molecules
and the Van der Waals attracting forces between the particles, which are electrostatic forces between opposite
surface charge regions of cement. Therefore, the flocculation reduces the specific surface area of cement
available for hydration. Since hydration begins immediately after the contact of cement with water, the ce-
ment particles must be deflocculated and dispersed to achieve an homogeneous hydration [4]. Thus, the main
function of water-reducing admixtures is to disperse the cement particles, thus releasing the entrapped water
between the grains, which consequently increases the flowability of the mix [5].

Lignosulfonate is the most widely used plasticizer, obtained from lignin, which is a liquid waste from
the cellulose extraction process. As for the superplasticizers, the polycarboxylate-ether (PCE) admixture
stands out, which has properties determined by molecular parameters such as molecular chain length and the
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frequency, size and composition of side chains attached to the main chain. PCE superplasticizers are known
to provide better workability maintenance compared to naphthalene- and melamine-based superplasticizers
[6]. In addition, PCE provides greater reductions in water content of concrete compared to melamine or naph-
thalene superplasticizers [7].

The workability loss of cement-based materials occurs rapidly in the presence of water-reducing admix-
tures. After the cement reactions start, large amounts of hydrated products are formed, such as ettringite.
These products “capture” (i.e. adsorb) the admixture molecules present in the system. Thus, several factors
related to cement composition and reactivity — as well as to the system itself — affect the cement-admixture
interactions, such as ambient temperature, water pH, cement fineness, and cement composition (mainly C3A,
SO; and alkali contents) [8-11]. Therefore, the cement-admixture interactions affect not only the initial dis-
persing ability of the water reducer, but also its flowability maintenance capacity. Finally, the admixture’s
dispersing mechanism plays an important role on mix flowability maintenance: for instance, steric repulsion
(which is the main dispersing mechanism of PCE) tends to last longer than electrostatic repulsion (plasticiz-
er’s dispersing mechanism) [2].

The frequency of incompatibility problems has increased with the use of superplasticizers in high-

performance concrete, which uses low w/c (water/binder) ratios. In such cases, it is no longer possible to
solve the problem by removing the superplasticizer from the mixture and this situation is not applied to any
type of cement and superplasticizer. Thus, much research has been carried out to try to understand and solve
these incompatibility problems [1]. Among the factors, studies have demonstrated the crucial role of both
nature and dosage of added calcium sulphate (i.e. gypsum) to control the Portland cement setting, since it
controls the rate of dissolution of the cement, which governs the rheology of plasticizer-containing cementi-
tious systems [12]. In addition, C3A content is a determining factor in the cement-admixture compatibility
[13]. In this context, the use of cements with mineral admixtures incorporation may be an interesting solution
to reduce the overall contents of gypsum and C3A, thus preventing incompatibility issues. In fact, ALONSO
et al. [7] found that PCE molecules may adsorb and disperse fly ash, limestone and slag particles, thus reduc-
ing the contents of gypsum and C3A while still maintaining the dispersing ability of the system.
This work investigated the workability maintenance of two water reducers (a lignosulfonate-based and a
polycarboxylate-based) in high-performance pastes produced with two types of Portland cement (CP IV and
CP V - ARI). For this, pastes with wi/c ratios of 0.30, 0.33 and 0.36 were produced with each combination of
admixture and cement. The workability was evaluated through the mini slump test up to 40 minutes after
mixing. Furthermore, the compressive strength of the pastes with wic ratio of 0.36 and equivalent mini slump
spread (130 mm) were evaluated at 28 days.

2. MATERIALS AND METHODS
2.1 Materials

Two types of cement were used: a Portland—fly ash cement (CP V) and high early strength Portland
cement (CP V-ARI), both standardized by NBR 16697 [14]. The particle size distributions of the cements are
shown in Figure 1. Table 1 presents the physical and chemical characteristics of the cements, according to the
manufacturer. Despite CP V-ARI being classified as high early strength, CP 1V showed higher specific sur-

face area, probably because the presence of pozzolanic material in the latter (about 26%, according to Table
1) requires a greater fineness to increase its reactivity.
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Figure 1. Particle size distribution of the cements used. Note: cumulative passing in full lines and passing in dashed lines.
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Table 1. Physical and chemical characteristics of the cements.

Property CP IV CP V-ARI
Blaine fineness (cm?/g) 4287 4061
Density (g/cm?) 2.83 3.12
Setting time — start (hour:minute) 03:40 02:43
Setting time — end (hour:minute) 04:23 03:21
1-day compressive strength (MPa) 14.6 22.2
3-day compressive strength (MPa) 27.3 36.4
7-day compressive strength (MPa) 33.7 421
28-day compressive strength (MPa) 44.7 50.2
Insoluble residue (wt%) 25.83 0.74
Loss on ignition (wWt%) 3.43 3.08

Two water-reducing admixtures were used: a polyfunctional and a superplasticizer, both from the
same manufacturer (GCP). The polyfunctional had a lignosulfonate chemical base, while the superplasticizer
used had a polycarboxylate chemical base. The physical and chemical characteristics of the admixtures pro-
vided by the manufacturer are presented in Table 2.

Table 2. Physical and chemical characteristics of the cements.

Property Polyfunctional Superplasticizer
Chemical base Lignosulfonate Polycarboxylate
Solid content (wt%) 36.9 49.0
Specific gravity (g/cm3) 1.20+£0.2 1.10+£0.2
pH 75+10 55+1.0
Recommended content (% over binder mass) 0.3-1.0 0.3-2.0

2.2 Mix composition and sample preparation

In this work, pastes with water/cement (w/c) ratios of 0.30, 0.33 and 0.36 were produced. These compositions
allowed for the production of flowable and stable pastes with the incorporation of both water reducers. The
production of pastes with higher w/c ratios would result in bleeding (especially for those containing the su-
perplasticizer), while lower w/c ratios would result in pastes with low flowability (especially when using the
polyfunctional). For each combination of cement, admixture and wi/c, three admixture contents were tested,
totalling 36 mixes. The pastes were prepared in a planetary mixer with nominal capacity of 5 litters. Initially,
all the cement was added to the mixer container. Then, the mixer was turned on at low speed (impeller rota-
tion at 140 rpm and planetary motion at 62 rpm) and the water was gradually added over 90 seconds. After
adding all the water, the mixer was turned off and the material that eventually settled on the paddle and edges
was reincorporated into the mixture. Subsequently, the admixture (previously weighed) was added to the
paste and the mixer was turned on again at low speed for 60 seconds. Finally, the mixer was turned on at high
speed (impeller rotation at 285 rpm and planetary motion at 125 rpm) for 30 seconds.

2.3 Testing methods

The workability of the pastes was evaluated by the mini slump test (or Kantro’s cone test) [15]. This appa-
ratus consists of a cone mold with openings of approximately 20 and 40 mm, and a height of approximately
60 mm. The test consists of filling the cone mold with paste and then lifting it. At the end of the paste spread-
ing, two diameter measurements are recorded (at the greatest spread and perpendicularly to that), and the
average of these two measurements is taken as the test result.

To evaluate the workability loss over time, immediately after the first mini slump test (referred to as
“5 min”), the pastes were stored in sealed plastic containers, and the test was repeated 20 and 40 minutes
after the first contact between the water and the dry materials.
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Furthermore, the effect of the water reducer type and content on the mechanical strength of the pastes
was evaluated. For this, pastes with w/c ratio of 0.36 were produced, and admixture content was adjusted to
achieve a mini slump spread of 130 + 10 mm for all the samples. This w/c ratio would lead to lower water
reducer consumptions, thus avoiding any negative effect caused by overdosing the admixtures (for instance,
excessive delays in the hydration). Then, three cylindrical specimens of 50 mm in diameter and 100 mm in
high were cast and tested for compression at 28 days according to NBR 7215 [16]. In this step, the volatile
fractions of the admixtures were discounted from the water content of the pastes. Since the water reducer
amount varied according to its dispersion ability, such value ranged from 0.20 to 3.00% by weight of cement
(seen in Figure 4). Thus, the difference in the water content present in the admixtures may affect the strength
results.

3. RESULTS AND DISCUSSION

3.1 Fresh state

Figure 2 shows the mini slump spread as a function of time and wi/c, for the lignosulfonate mixes,
respectively at (a) and (b) for CP IV and CP V-ARI. The admixture contents are presented in % by weight of
cement. It can be noted in Figure 2a that the mini slump generally reduced over time. However, for high
levels of admixture (2.50-3.00%), there was a maintenance or even an increase of spreading. Very high
dosages of water reducers may cause the instability of the mixture, manifested by bleeding [11], a fact that
has been verified in some mixtures. The same behavior was observed in CP V-ARI cement paste, shown in
Figure 2b. It is worth noting that it was necessary to use a lower admixture content (1.00%) for mixtures with
wi/c of 0.36. This is due to the fact that adsorption of the admixture dispersing molecules occurs more sharply
in mixtures with higher wic ratios, since these mixes have greater amounts of water available [17]. Figure 3
shows the mini slump spread as a function of time and w/c, for the polycarboxylate-based admixture,
respectively at (a) and (b) for CP IV and CP V-ARI. For this type of admixture, there was a decrease in
workability over time regardless the cement type, w/c and the employed admixture content.

The mixes that presented the best workability maintenance were those produced with CP IV and
lignosulfonate (Figure 2a) and with CP V-ARI and polycarboxylate (Figure 3b). The efficiency of the
admixture is related to the reactivity of the binder particles (i.e. the fineness and composition of the cement):
ettringite needles formed in the initial hydration reactions adsorb part of the admixture molecules, reducing
the admixture's dispersing effect [11, 12]. In turn, the presence of pozzolanic material in CP IV reduces the
overall content of C3A, forming lower ettringite contents within the first minutes of hydration [18]. This re-
duces such ettringite-admixture adsorption, apparently increasing the workability maintenance for the ligno-
sulfonate. As for PCE superplasticizers, these molecules tend to have greater affinity with calcium-containing
particles, such as Portland cement clinker [19]. Since CP V-ARI has low mineral admixture incorporation
(about 5%, compared to about 26% for CP 1V), the higher amount of clinker in this cement may result in a
greater compatibility (and therefore in a higher workability maintenance) for the CP V-ARI + polycarbox-
ylate system. Therefore, these results indicate that compatibility of the water reducer with cement is a major
factor for a good workability performance, in line with the literature reports.
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Figure 2: Mini slump test results over time for the pastes produced with lignosulfonate. (a) CP IV; (b) CPV-ARI.
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Figure 3: Mini slump test results for the pastes produced with polycarboxylate. (a) CP 1V; (b) CPV-ARI.

Figure 4 shows the initial mini slump spread (i.e., immediately after the sample preparation) as a function of
the wi/c ratio, for the different combinations of admixture and cement types. In general, the spreading of the
pastes increased with increasing the water reducer content. In the pastes produced with CP IV and
lignosulfonate (Figure 4a), the mixes with contents below 2.50% of admixture presented an increase in the
mini slump spread, while the mixes with higher contents (2.75% and 3.0%) presented a decrease in the mini
slump. This is because above a certain content, the addition of water reducer promotes an insignificant
increase in flowability or even decreases it [20]. An excessive amount of non-adsorbed admixture molecules
may result in cluster formation and hinder the flow of the paste [19]. This content is known as saturation
point. It is worth mentioning that the employed levels are much higher than those indicated by the
manufacturer (up to 1.00%). This saturation is evidenced in pastes produced with CP V-ARI and
lignosulfonate (Figure 4b), where the increase in admixture content showed a point from which the spread
remained constant (w/c = 0.36) or decreased (w/c = 0.30 and 0.33), and this saturation content varied for each
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wi/c. For pastes with CP IV and polycarboxylate (Figure 4c), the trend of increasing the spreading with
increasing the admixture content was maintained, except for the w/c = 0.33 mix where a mini slump decrease
of 2% was found when the admixture content increased from 0.30% to 0.35% (attributed to the test
variability). Finally, the pastes produced with CP V-ARI and polycarboxylate (Figure 4d) showed increased
spreading with increasing admixture content for the mixtures w/c = 0.30 and 0.33, and their spreading evened
at 0.30% of admixture. The w/c mixture = 0.36 showed a very small spread gain (about 1%) with the
admixture content increasing from 0.25% to 0.30%, being interpreted as admixture saturation point.
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Figure 4: Mini slump results of the pastes as a function of the admixture content. (a) CP 1V + Lignosulfonate; (b) CP V-
ARI + Lignosulfonate; (c) CP IV + Polycarboxylate; (d) CP V-ARI + Polycarboxylate.

3.2 Hardened state

In this step, pastes produced with w/c of 0.36 and the different typed of cement and admixture were tested,
with a fixed spreading of 130 mm. In order to determine the water reducer content required for such
spreading, interpolations were performed from the mini slump vs. admixture content curves, using the
equations presented in Figure 4. Table 3 shows the admixture content used for each combination of cement
and water reducer. The greater efficiency of the admixtures in CP V-ARI cement was evident, since it was
required a 66% higher polyfunctional content was required and a 50% higher superplasticizer content in CP
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IV mixtures compared to CP V-ARI, to achieve the same spreading. This fact is justified by the previously
presented reasons in item 3.1 — mainly due to cement-admixture compatibility.

Table 3. Admixture content required to achieve a mini slump spread of 130 mm. Note: the results are shown in % by
mass, over the cement mass.

Cement Polyfunctional Superplasticizer
CP IV 1.48 0.21
CPV-ARI 0.89 0.14

Figure 5 presents the compressive strength results. The error bars correspond to + 1 standard deviation.
Two statistical analysis were performed here. Firstly, a spurious verification was conducted with 95%
reliability, resulting in t-values of 1.480, 1.049, 1.049 and 1.144 respectively for CP IV — Ligno, CP IV —
Poly, CP V-ARI — Ligno and CP V-ARI — Poly. These values were lower than the critical t-value of 1.500,
indicating that no spurious values were found. Then, one-way ANOVA was conducted to check the existence
of significant differences between the groups. The following comparisons were analyzed: (i) CP IV — Ligno
vs. CP IV — Poly; (ii) CP V-ARI — Ligno vs. CP V-ARI — Poly; (iii) CP IV — Ligno vs. CP V-ARI — Ligno;
(iv) CP IV — Poly vs. CP V-ARI — Poly. The p-values found were respectively 0.1307, 0.1172, 0.0449 and
0.0137 (i.e., respective probabilities of influence of 86.93%, 88.28%, 95.51% and 98.63%). Considering that,
the comparisons (iii) and (iv) indicated that the pastes with CP V-ARI presented higher strengths compared
with those containing CP IV (about 22% higher), with 95-99% probability. This is explained by the higher
reactivity of CP V-ARI cement, since it had a mineral admixture content of less than 5%, while CP IV
cement had around 25% pozzolanic material (which only contributes to mechanical strength at latter ages).
Furthermore, the comparisons (i) and (ii) indicated, with 87-88% probability, that the lignosulfonate-
containing pastes (CP 1V — Ligno and CP V-ARI — Ligno) had a trend of higher strength (about 10% higher)
compared with those containing polycarboxylate (CP IV — Poly and CP V — Poly) for the respective cements.
This behavior may be associated with the formation of the cementitious micro-structure. Polycarboxylate-
based admixtures generally present high dispersing ability [5]. However, lignosulfonate-based admixtures
tend to delay the cement hydration kinetics [17, 21], which may result in a more organized formation of the
micro-structure. It is worth remembering that the workability of the pastes was fixed (mini slump of 130
mm), therefore the higher dispersing ability of the polycarboxylate-based admixtures may not lead to
improvements in the hydration, compared to the lignosulfonate-based one.
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Figure 5: 28-day compressive strength of the pastes. Ligno: lignosulfonate; Poly: polycarboxylate.

4. CONCLUSIONS

This work investigated the workability maintenance of two water-reducing admixtures (a lignosulfonate-
based and a polycarboxylate-based) in high-performance pastes (wi/c ratio of 0.30, 0.33 and 0.36) produced
with two types of Portland cement (CP IV and CP V - ARI). Based on the results presented in this paper, the
following conclusions were established.

i) The measurements of the mini slump up to 40 minutes indicated a trend of workability reduction over
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time, as expected. However, some mixes showed equivalent or even higher spread after 20 and 40 minutes,
compared to the initial values (immediately after mixing). Furthermore, there was a general trend of
increasing the initial spread as the admixture content increased, which was also expected. However,
admixture saturation was verified in some mixes, nor increasing neither decreasing the spread with increasing
admixture content.

ii) The mixes that presented the best workability maintenance were those produced with CP IV +
lignosulfonate, and with CP V-ARI + polycarboxylate. The presence of pozzolanic material in CP IV seems
to be beneficial for the workability manteinance of lignosulfonate-based admixtures, while the higher clinker
content of CP V-ARI may improve its compatibility with polycarboxylate.

iii) The pastes produced with CP V-ARI cement presented 28-day strengths about 22% higher than
those with CP IV for both admixtures (with 95-99% probability in ANOVA). In turn, the lignosulfonate-
containing pastes showed strengths about 10% higher than those produced with the polycarboxylate-based
admixture (with 87-88% probability in ANOVA).

Overall, the set of results allows us to conclude that it is possible to obtain the same flowability for
high-performance cement pastes with both lignosulfonate- and polycarboxylate-based admixtures. However,
the workability mantainance highly depends on the combination of cement and admixture used. Furthermore,
the great difference in the contents required by those types of admixture may affect the compressive strength
of the material.
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