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1t is important to select a certain type and amount of a superplasticizer (SP) for successful cement applications in concrete.
The results show that the SPs ((lignosulphonates (LS), polyacrylates (PA) and polycarboxylates (PCE)) especially differ by
their electrical conductivity (EC) values (from 2.5 to 4 times) and mostly influence the spreadability, viscosity, temperature
and hydration course of the cement paste with an SP. Compared to the pure cement paste's viscosity, all the tested amounts
of LS, PA and PCE lower the initial temperature of the cement paste, but only PCE and PA noticeably reduce the viscosity.
1t can be highlighted that LS, characterised with high EC values causes a rise in the cement paste temperature and a sharp
growth in the viscosity. PCE and PA with much lower EC values, reduce the temperature and, correspondingly, the viscosity
of the paste. EXO temperature tests revealed that the same amount of SP’s (0.2 %) has a different effect on the course of the
hydration, the EXO maximum time and the temperatures. Compared to the pure cement paste, LS reduced the EXO maximum
time by 17 % and lowered the EXO maximum temperature by 6 °C, whereas PCE and PA extended the EXO maximum time

by 11.3 % and 12.2 %, respectively.

INTRODUCTION

Different superplasticizers (SPs) are used for the
purpose of ensuring the good workability of cementi-
tious materials. Lignosulphonates (LS), polycarboxylates
(PCE), polyacrylates (PA), and copolymers with a capa-
city to reduce the involved water content by 5 - 30 %
are used very often among the effective SPs. [1-6].
Traditional SPs like LS, naphthalene and melamine-
based polymers are anionic surfactants and disperse the
cement particles through a mechanism of electrostatic
repulsion.

PCE and PA based superplasticizers disperse the
charged cement particles through electrostatic repulsive
forces and steric hindrance forces [7-8].

PCE is a group of comb-like polyelectrolytes,
usually with poly (acrylic acid-co-acrylic ester/ether)
as a backbone and polyethylene oxides (PEO) as the
side chains, which makes the polymer anionically char-
ged in an alkaline solution [9]. When the PCE is mixed
into the fresh cement paste, the deprotonation of the
carboxyl groups in the alkaline condition makes the
backbone of the PCE molecules negatively charged
and the negative carboxylic groups are adsorbed on
the cement particles surface. The side chains prevent
the particles from coming closer to each other, and the
negatively charged cement particles repel each other.
The dispersing effect depends on the number of carboxyl

groups; the higher carboxyl groups on the main backbone
chain facilitate fast adsorption [10-12].

According to the studies [13-18], steric hindrance
plays a major role in the dispersing mechanism. As these
negatively charged cement particles repel each other,
the water, which is trapped in the agglomerated cement
particles, is released, thus, creating the homogeneous
dispersion of all the particles. Dispersed in the cement
suspension, the PCE particles are involved in the process
of cement hydration and create a continuous close-
packed layer because the carboxylic groups of the PCE
are coupled with Ca®" ions on the surface of cement
particles or on the hydrated products and continue to
form complexes [9, 10, 17, 19]. All types of PCEs were
found to be more adsorbed on the aluminate phase than
on the alite phase. During hydration, ettringite is able to
adsorb 2 - 4 times more negatively charged PCE than a
monosulfate or C—-S—H [12, 20].

Polymers with a higher molecular weight, lower
side chain densities and shorter side chains adsorb
stronger on a cement particle than polymers with lower
charge densities [21-24]. This finding correlates with the
rheological parameters. Researchers have proven that
decreasing the density of the side chains enhances the
workability (increased mortar spread diameter, viscosity
of the cement pastes, lowering of the apparent yield stress
and plastic viscosity of the cement pastes) [17, 25]. It is
important to note that PCEs mainly retard the dissolution
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of alite [26]. The amount of adsorbed polymer and the
surface coverage of the cement particles by the PCEs
can be linked to the retardation effect and the dispersive
action of the SP that changes the growth kinetics and
morphology of the hydrate phases.

Different SP’s exhibit different adsorption beha-
viours and retardation effects, closely correlating with
their specific molecular architecture [24, 27-29]. There
may be cases when the composition of the cement and
SP (due to the pH or concentration of the SP) is not
well compatible and it loses mobility very fast or it
significantly reduces the hydration rate [30, 31]. The
improvement in the rheological properties depends on
the type of the SP. Many studies [32-34] have determined
that a PCE-based SP exhibited a substantially larger
radius of gyration; therefore, a larger thickness of the
polymer layer than other polymers, which required
significantly smaller dosages to reach the adsorption.
All SPs prolong the induction period and inhibit the
hydration reaction related to the higher adsorption rates
of the polymers on the aluminate phase than on the alite
phase [27, 30, 31, 35-37].

In the study [38, 39], traditional SPs were compared
with PCE plasticizers and it was found that (LS), sul-
fonated naphthalene (PNS), and melamine-type (PMS)
SP had higher values of adsorption on the cement grain
surface than the PCE. Adsorption was related to the
charge density and the configuration of the adsorbed
molecules [38]. Traditional SPs like LS, PNS and PMS
had 16-20 times higher adsorption values than a PCE
for CEM I type cements. Another finding was that the
adsorbed quantity of traditional SPs (LS, PMS and
PNS) on ettringite was approx. 20 % higher than for
a PCE [12]. Adsorption was the most intense in the LS,
characterised by the highest number of R-SO groups
originally present in the sulfonates; polymer molecules
were directly involved in the adsorption.

The relatively fast workability loss of the cement
paste in the presence of LS can be related to the increase
in the ionic strength of the suspending medium, which
compresses the adsorbed polyelectrolyte layers and
weakens the electrostatic repulsion. As a result, van der
Waals attraction leads to the re-flocculation of cement
particles.

Researchers [37, 40] have pointed out that the
workability loss of the cement paste with an LS happens
due to the accelerate ettringite formation. In cement
pas-tes with traditional SPs, such as LS, the induction
period depends on an amorphous ettringite like the semi-
permeable layer phase formation on the cement grains.

Despite of the numerous SPs with different featu-
re compositions and large quantity of studies, the inter-
action of different types of SP with Portland cements
is still unclear. Therefore, choosing the most suitable
type and the optimal amount of the SP as well as the
evaluation of the SP behaviour is essential. There are
not enough very important detailed studies on how

the different SPs influence the cement paste’s initial
viscosity, temperature and hydration course. In order
to extend the knowledge on how to use SPs in cement
paste compositions more efficiently, it is absolutely
necessary to know how SPs of different types affect the
rheological cement properties and influence the cement
hydration. Therefore, the research results obtained using
the widespread methods are extremely relevant before
selecting an SP for the cement.

EXPERIMENTAL

Materials

Ordinary Portland cement (OPC) CEM I 42.5 R
produced by a local manufacturer in accordance with
the requirements of standard EN 197-1 was used for the
tests. The OPC had a specific surface of 4200 cm*g”,
a bulk density of 1.1 g-cm™, an initial setting time of
140 min, a final setting time of 190 min, an alkali con-
tent up to 0.8 %. The mineral composition in percentages:
C,;S —56.64, C,S —16.72, C;A - 8.96, and C,AF — 10.59.
The OPC particle size ranged from 1 to 100 um, 50 % of
OPC particles were of 15 - 30 um size.

The following three types of SP were used in the
study: a modified LS-based (A), with a dry matter con-
tent of the solution of 31 %, with a molecular weight
of 35 g'mol’'; a PA ester based (B), with a dry matter
content of the solution of 27 %, with a molecular weight
of 39.4 g'mol; and a PCE based (C) with a dry matter
content of the solution of 27 %, with a molecular weight
of 51 g'mol”. The SPs were used in a liquid state. The
distilled water was characterised by a pH of 5.8 and
an electric conduction of 8 uS, was used.

Preparation of the water solutions,
mixture of the formulation and
the sample formation

In order to better describe how the amount of SP
will affect the electrical conductivity (EC) and pH va-
lues of the water solution, tests with different amounts
of SPs (0; 0.1; 0.2; 0.3; 0.4; 0.5 %) in distilled water
(100 g) were made. A special Hobart type mixer was
used to help prepare for the investigation the cement
pastes. The cement with a water solution containing the
SP was mixed for 5 min by forced mixing at a speed
of 56 rpm. The temperature of the components and the
mixing environment was 20 + 1 °C.

In all the cases, the goal of the tests was to find
out the effect of the SP on the cement paste spread,
viscosity and hydration temperature. The cement paste
(compositions presented in Table 1) spread, viscosity and
exothermal reaction parameters were measured at the
temperature of 20 °C. A W/C ratio of 0.30 was chosen to
determine the efficiency of the SP.
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Table 1. The cement paste compositions (in wt. %).

Compo- Raw materials (%)
sition. "OpC SP(A) SP(B) SP(C) WI/C ratio*
K 100 0 - - 0.3
A-0.1 100 0.1 - - 0.3
A-0.2 100 0.2 - - 0.3
A-0.3 100 0.3 - - 0.3
A-0.4 100 0.4 - - 0.3
A-0.5 100 0.5 - - 0.3
B-0.1 100 - 0.1 - 0.3
B-0.2 100 - 0.2 - 0.3
B-0.3 100 - 0.3 - 0.3
B-0.4 100 - 0.4 - 0.3
B-0.5 100 - 0.5 - 0.3
C-0.1 100 - - 0.1 0.3
C-0.2 100 - - 0.2 0.3
C-0.3 100 - - 0.3 0.3
C-0.4 100 - - 0.4 0.3
C-0.5 100 - - 0.5 0.3

*over 100 % of dry components

Methods of testing

The effect of the different amounts of the SP on
the values of the EC and pH of the water solution were
performed with an MPC 227 instrument manufactured
by Mettler-Toledo (pH sensor InLab 410, measuring
accuracy 0.01; EC sensor InLab 730, a measuring range
of 0-1000 mS:cm™). Electrical conductivity is a state
measured by applying an electrical field between two
electrodes (+ and —) that initiate an electric current. The
Mettler-Toledo device conductivity sensors are based 2
in 1, i.e., both polarities are integrated in one housing,
in our case, four ring sensors were used, two rings were
used for the voltage engagement and the other two for
the current which is proportional to the ionic strength
in the solution. For the engagement, an AC (alternating
current) voltage is used for the reason of the “plating”
affect — ions gathering at the conductivity plates and
staying there as immobile particles, thus, decreasing
the area of the plates, i.e., the conductivity cell changes.
Further signal processing runs with conversion from AC
was used for the data output.

For performing the mini-slump test, the paste was
filled into a Vicat cone (height of 40 mm, upper diameter
of 70 mm, bottom diameter of 80 mm), which had been
placed on a glass plate. Lifting the cone allowed the
paste to spread.

The effect of the different amounts of the SP on
the dynamic viscosity of the fresh cement pastes was
tested using a vibro-viscometer SV-10 (capacity up to
12.000 mPa-s, accuracy of 0.01 mPa-s). The dynamic
viscosity of the fresh cement pastes was measured
immediately after the preparation and after 30 minutes.
The chosen time corresponds with the actual concrete
placing terms.

The hydration characteristics of the fresh cement
paste were followed by an exothermic profile in accor-
dance with the ALCOA methodology [41]. The heat
generated in the exothermic reactions of the cement mi-
nerals in the fresh cement paste was measured at 20 °C
using 1.5 kg of the specimens placed in an insulated
10 x 10 x 10 cm textolite mould. A thermocouple
(type T) was embedded in the specimen and linked to
the data capture system to record the temperature as
a function of time.

RESEARCH RESULTS AND DISCUSSION

The superplasticizers pH
and electrical conductivity
in the water solution

In order to better assess the impact of the amount
of SP (A), SP (B) and SP (C) on the water solutions,
the EC and pH measurements were performed. EC and
pH values of the SP obtained from the manufacturers are
presented in Table 2. It is known that the EC depends on
the number of the ions in the solution. SP (B) was found
to have an alkaline pH, SP (A) had a slightly acidic pH,
and SP (C) had an acidic pH. We can see that SP (A)
had a very high EC, which was 3.9 times higher than the
EC of SP (C) and 2.5 times higher than that of the EC
of SP (B). Similar EC results of the SP have also been
reported in another study [42]. The water solutions of the
SP (Figures 1, 2) reveal very similar trends: the highest
EC values were recorded in the SP (A) water solution
and the lowest values in the SP (C) water solution.
While the EC differences between the SP (A), SP (B)
and SP (C) solutions supplied by the manufacturers were
2.5 -3.9 times, the EC differences in their water solutions
increased to 2.7 - 5.2 times. SP (A) might have a high EC
due to the highest number of R-SO groups originally
present in the sulfonates [39]; the EC in SP (B) and SP
(C) depends on the number of carboxyl groups COO~
and the different architecture [12]. Fewer changes were
observed in the pH value of the SP water solutions as
they remained relatively stable irrespective of the SP
concentration %.

Table 2. The pH and electric conduction characteristics of the
SPs.

SP pH EC (mS-cm™)
A 6.89 10.10
B 8.10 3.86
C 4.75 2.51
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Figure 1. The EC changes of SP (A), SP (B) and SP (C) depen-
ding on its amount in the water solution.

Properties of the fresh cement pastes

Density

The measurements of the fresh cement paste density
(Figure 3) revealed noticeable differences when the
content of the SP in the mix exceeded 0.2 %. The density
of the fresh cement paste with SP (B) and SP (C) either
increased or remained the same, whereas the density of
the fresh cement paste with SP (A) decreased. Similar
results have been reported in another study [43], where
the observed differences are explained by the different
SP type, the effect of the SP characteristics on the
bleeding and sedimentation processes in the paste and
the entrained air content.
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Figure 3. The pH changes of SP (A), SP (B) and SP (C) depen-
ding on its amount in the water solution.

Spread

An important fluidifying effect of the SP is also
manifested by a significant increase in the measured
paste spread diameters. The results of the mini-slump
tests undertaken immediately after the paste mixing
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Figure 2. The pH changes of SP (A), SP (B) and SP (C) depen-
ding on its amount in the water solution.

show that at low amounts (0.1 %) of SP, the best spread
is achieved with the pastes containing SP (C) and SP (A)
(Figure 4). At the higher amount (0.2 %) of SP the best
spread was observed in the cement pastes containing SP
(B) and SP (C). The observed differences in the spread
values of the cement pastes containing the SP compared
to the reference sample was 52.7 %, 44 % and 58 %
when the SP amount is 0.1 %, and 62.7 %, 80 %, and
72.7 % when the SP amount is 0.2 %. The conclusion
is that at the low amounts of SP in the cement paste, it
is difficult to evaluate which SP is the most effective.
A further increase in the SP amount in the cement paste
showed that the spread of the pastes containing SP (B)
and SP (C) did not change or reduced slightly, whereas
the spread of the paste containing SP (A) reduced
significantly. The low fluidity observed for SP (A) can
be explained by the fact that both — the sulfonate groups
of SP (A) and the sulphate ion in the cement paste can
react with the aluminate phases (C;A + C,AF) to produce
ettringite or analogous hydration products [40, 43] and,
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Figure 4. The spread area, in mm, of the cement paste with
SP (A), SP (B) and SP (C) depending on the SP amount in the
paste.
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as a result, large amounts of ettringite with the shape of
large needles are produced. In this case, the hydration of
the interstitial phase continues to produce large amounts
of ettringite, which causes the stiffness and the pseudo-
setting of the paste. As we may see, the results of the
fresh density tests correlate with the spread tests results.
Figure 5 illustrates the increase or decrease (in %) of the
spread area of the cement paste containing three diffe-
rent SPs depending on the SP amount in the paste. The
spread curves show that at higher SP amount in the paste
(0.3 - 0.5 %), SP (C) influences the spread of the paste
the least, and SP (A) significantly reduces the spread.
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Figure 5. The spread change (in %) in the cement pastes com-
pared to the spread values at the lower SP content in the paste.

Dynamic viscosity and temperature

Tests of the viscosity change over time in the ce-
ment pastes with the same amount of SP (compositions
are presented in Table 1) were conducted to evaluate the
workability of the pastes. Compared to the viscosity of
the pure cement pastes (K) without any SP, the viscosity
of the samples with SP (A) (Figure 6a), characterised

Viscosity (mPa-s)

04 T T T T T T T T
0 5 10 15 20 25 30
Time (min)

a)

by high EC values, reduced the viscosity just for a short
period time (about 2 - 3 min). From the results of Figu-
re 1, we can see that at the SP (A) amount of 0.1 % and
0.2 %, the EC of the solution changed in the range of
680 - 1245 puS.

An increase in the SP (A) amount in the paste from
0.3 % to 0.5 % (the EC of the solution increased more
than 1500 uS) immediately increased the viscosity, which
reached the maximum viscosity value after 5 - 10 min.
The test results proved that a higher amount of SP (A)
is ineffective and can even have a negative effect of the
workability of the paste. The authors [44] state that in the
presence of sulfate ions, a decrease in the cement paste
fluidity is observed. According to the test results reported
in the study, the fluidity may reduce 3 times with the
increase of sulfate ion concentration in the paste. The lig-
nosulphonates accelerate the formation of ettringite
and, therefore, the quick setting of the paste is observed
[37, 40]. Lignosulphonates are known to react with C;A;
therefore, an accelerated ettringite formation after about
7 minutes of hydration almost exclusively shows the
presence of ettringite. Other scientists [37], however,
specify that in the presence of lignosulphonates, C;A
reacts directly with the gypsum (contained in cement)
to form ettringite and the reaction rate is significantly
increased. The ability of lignosulphonates to form a
complex calcium may explain the accelerated ettringite
formation in the C;A/gypsum pastes. The test results
referred above explain the sharp increase in the viscosity
value in the paste with a higher amount of SP (A).

These findings are also explained by the temperature
changesduringtheviscositymeasurementtests(Figure 6b).
The higher the content of SP (A) is in the paste, the
lower the paste’s temperature immediately after
mixing is. After 5 minutes, a significant temperature
increase of 4 - 6 °C is observed in the pastes with a
higher content of SP (A). This temperature rise has a
direct effect on the paste’s viscosity, which increases
abruptly. The temperature changes in the samples

Temperature (°C)

20 +

T T T T T T T T T T 1
0 5 10 15 20 25 30
Time (min)
b)

Figure 6. The viscosity and temperature changes of the cement paste with SP (A) depending on time.
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showed that cement pastes with a sharp increase in
viscosity also experience a fast temperature increase.
As reported in [40], lignosulphonate causes a rapid rise
in temperature immediately after mixing, which, in the
author’s opinion, is associated with the rapid reaction
of the aluminate phases of the cement; it accelerates the
ettringite formation, but is more effective at retarding
C3S hydration.

Compared to the viscosity of the pure cement
paste, all the amounts of SP (C) noticeably reduced the
viscosity of the cement paste (Figure 7a). In this case, the
viscosity is at least two times lower compared to the vis-
cosity of the pastes containing SP (A). We can see that
the amount of 0.2 % is sufficient because higher amounts
of SP (C) do not cause a significant viscosity reduction.
The temperature changes in the pastes (Figure 7b) revea-
led that all the samples containing SP (C) had a lower
temperature after mixing compared to the reference
sample. However, the temperatures of the samples con-
taining 0.1 - 0.4 % of SP (C) were very similar and the
lowest temperature was observed in the sample con-
taining 0.5 % of SP (C) after mixing. Only this sample
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demonstrated a temperature rise within the first 5 mi-
nutes. This temperature rise is reflected in the sample’s
viscosity curve, which illustrates a sharp increase in the
viscosity. The authors state [26] that a PCE based SP,
which has a 2 - 3 times higher molecular weight and
a longer side chain compared to an acrylic SP, may en-
sure the low viscosity values for a long time. A higher
SP amount and, respectively, a larger quantity of ions
(the EC of the SP (C) solution reaches 800 uS) induces
a more active reaction with C;A, which is followed by
the ettringite formation and a corresponding growth in
the viscosity.

Very similar changes in the viscosity were obser-
ved in the cement paste containing SP (B) (Figure 8a).
However, the temperature changes in this paste (Figure 8b)
differ from the changes observed in the paste containing
SP (C). Lower amounts of SP (B) (0.1 - 0.2 %) reduce the
initial temperature of the paste, whereas higher amounts
(0.3 - 0.5 %) increase the temperature. The higher the
amount of SP (B) is in the paste, e.g., 0.5 %, the higher
the temperature rise is. This relationship is seen in the
viscosity curve. The authors state [26] that a polyacrylate
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Figure 7. The viscosity and temperature changes of the cement paste with SP (C) depending on time.
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Figure 8. The viscosity and temperature changes of the cement paste with SP (B) depending on time.
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ester based PCE with a shorter backbone and a longer
side chain, as well as higher chain density, which is
responsible for the quantity of ions in the solution, has
a slightly shorter plasticizing effect in the cement pastes.
According to the study [9], the higher concentrations of
the ionic functional groups in the aqueous phase delay
the setting of cement paste. Due to higher EC values in
the SP (B) solution, and the corresponding quantity of
ions (the EC of the solutions reached 1200 uS at the SP
(B) amount of 0.5 %), the cement paste temperature was
higher than in the cement paste with the same amount of
SP (C).

A detailed analysis of the temperature changes
is presented in Figure 9, illustrating the comparative
temperature changes in the cement pastes after the first
5 minutes, compared to the reference sample. It is clearly
seen that SP (A) acts very differently than SP (C) and
SP (B). The increase in the SP (A) amount continuously
raises the paste’s temperature up to 2.5 °C, as well as the
viscosity, compared to the reference sample. SP (C) and
SP (B) act differently, i.e., they reduce the temperature
and viscosity of the paste. The temperature drops by
1.5 °C when compared to the reference sample.

It can be concluded, that the mini-slump cone and
fresh density tests conducted immediately after mixing
the cement with water are not sufficient to evaluate the
effectiveness of the SP. The analysis of the viscosity and
temperature changes over time can significantly supple-
ment the knowledge and explain the SP’s effect on the
rheological properties of the paste.
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Figure 9. The effect of the SP type and amount on the cement
paste’s temperature.

Maximum temperature and the time
of the exothermic reaction

As it was experimentally found that the optimal
amount of all the used SP’s ranges between 0.1-0.3 %, the
cement pastes containing 0.2 % of SP’s were selected for
the tests of the EXO process. The studies of the cement
hydration process reflected in the exothermal reaction

(EXO) temperature and time (Figure 10) show that SP
(A), irrespective of its mildly acidic pH, accelerates
the hydration process by ~90 minutes compared to the
reference sample. This finding confirms the previous
assumptions that sulfonate groups of this SP actively react
with C;A and, thus, increase the initial temperature of
the paste, because the rising temperature of the paste can
activate the ions in the solution and promote the formation
of ettringite in the hardened paste. However, it is difficult
to accurately assess that, because no measurements were
made in the hardened cement paste. The EXO maximum
in the paste with SP (A) was reached after 450 minutes.
However, the EXO maximum temperature in the sample
with SP (A) reaches 84 °C only and it is 6 °C lower than
that of the reference sample. In the sample with SP (C),
the EXO effect maximum was reached after 596 minutes
with the maximum temperature of 88.9 °C. In the sample
with SP (B), the EXO effect maximum was reached after
635 minutes with the maximum temperature of 90.5 °C.
Both SP (C) and SP (B) extend the hydration time by
1 - 1.5 h, however they have almost no effect on the EXO
maximum temperature.
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Figure 10. The EXO changes over time in the reference cement
paste and in the cement pastes containing 0.2 % of SP (A), SP
(B) and SP (C).

CONCLUSIONS

It has been established that the PCE based SP (C),
the PA based SP (B) and the LS based SP (A) differ by
molecular weight and especially by the EC values (from
2.5to 4 times). SPs have water solution pH values ranging
from acidic (for SP (C) and SP (A), to alkaline (for SP
(B)). The spreadability, viscosity and temperature and
hydration course of the cement paste with SPs mostly
depends on the EC values in the water solution.

The cement paste with SP (A), characterised by
the highest EC values, demonstrates good spreadability
and low viscosity only at the lower SP (A) amounts
(0.1-0.2 %), when SP (A) solution’s EC does not exceed
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1500 puS. At the higher amounts (0.3 - 0.5 %, when the
EC increased to 3230 uS), in contrast to the SP (B) and
SP (C) results, the spreadability and viscosity of the paste
deteriorates significantly. The spreadability of the cement
pastes with SP (B) and SP (C) does not deteriorate much
at higher amounts of the SP, and the viscosity remains
low, because the EC values of the SP does not exceed
1500 uS. Compared to pure cement paste’s viscosity,
all the amounts of SP (A), SP (B) and SP (C) lower the
initial temperature of the cement paste, but only SP (C)
and SP (B) noticeably reduce the viscosity. The viscosi-
ty and, correspondingly, the temperature increase are in
proportion to the SP (A) amount in the cement paste.
It can be highlighted that SP (A), characterised with a high
EC causes a rise in the cement paste temperature and a
sharp growth of viscosity, SP (C) and SP (B) with a much
lower EC, reduce the temperature and, correspondingly,
the viscosity of the paste.

The optimal amount of SP (A), which ensures a lo-
wer viscosity in the short run, is 0.1 %. For SP (B) and
SP (C), this amount should not exceed 0.2 % to prevent
the retarding of the hydration.

A mini-slump test alone is insufficient to evaluate
the rheological properties of an SP. A simultaneous mea-
suring of the EC, the viscosity and temperature of the SP
can provide useful information, which help to evaluate
the SP’s behaviour in the short and long run.

The EXO temperature tests revealed that the same
amount of plasticizer (0.2 %) has a different effect on
the course of the hydration, the EXO maximum time and
temperatures. Compared to the pure cement paste sample,
plasticizer A reduced the EXO maximum time by 17 %
and lowered the EXO maximum temperature by 6 °C.
Plasticizers C and B extended the EXO maximum time
by 11.3 % and 12.2 %, respectively, compared to the pure
cement paste sample. The EXO maximum temperature
for both plasticizers had very little difference from that
of the reference sample.
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