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ABSTRACT 
Self-compacting concretes (SCC), a new type of concrete, were realized with the development of 

polycarboxylate-based chemical additives. The interaction of these additives with the powder materials in the 

nano and micro scales affects the fresh and hardened properties of concrete in meso and macro scales. To change 

and improve the macro-dimensional properties of concrete, it is necessary to better analyze the nano-micro-

dimensional interaction. The aim of this study is to examine the interactions of cement, mineral and chemical 

additives in micro scale. For this purpose, the zeta potential values of the mixtures consisting of cement, water, 

calcite and blast furnace slag prepared by using a polycarboxylate based plasticizer additive were analyzed. In 

addition, SEM analyzes of hardened samples were made on the 28
th

 days. 
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Mikro Boyutlarda Çimento, Mineral ve Kimyasal Katkı 

Etkileşimlerinin İncelenmesi 
 

ÖZ 
Polikarboksilat esaslı kimyasal katkıların geliştirilmesi ile yeni bir beton türü olan kendiliğinden yerleşen 

betonlar (KYB) hayata geçirilmiştir. Bu katkı maddelerinin nano ve mikro boyutlardaki toz malzemelerle 

etkileşimi, betonun taze ve sertleşmiş özelliklerini mezo ve makro boyutlarda etkilemektedir. Betonun makro 

boyutlu özelliklerini değiştirmek ve iyileştirmek için nano-mikro boyutlu etkileşimini daha iyi analiz etmek 

gerekmektedir. Bu çalışmanın amacı çimento, mineral ve kimyasal katkı maddelerinin etkileşimlerini mikro 

ölçekte incelemektir. Bu amaçla polikarboksilat esaslı plastikleştirici katkı kullanılarak hazırlanan çimento, su, 

kalsit ve yüksek fırın cürufundan oluşan karışımların zeta potansiyel değerleri analiz edilmiştir. Ayrıca 28. günde 

sertleşmiş numunelerin SEM analizleri yapılmıştır. 

 

Anahtar Kelimeler: Zeta potansiyeli, Polikarboksilat bazlı kimyasal katkı, SEM görüntüsü  
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INTRODUCTION 
 

Researchers have produced self-compacting concrete (SCC), which is one of the latest generation 

concrete types,  having high flow-passing capability and stability properties over the last decades [1]. 

Due to these properties, SCC is a concrete that can be placed on the molds with its own weight without 

vibration or too little vibration [2]. In addition, it is a concrete type that is cohesive enough to be 

processed by eliminating the negative properties of its fresh state such as segregation and bleeding [2]. 

Thus, high strength concrete having low energy consumption,  low labor costs and low porosity can be 

easily produced [3]. In order to produce the freshly SCC having the desired properties, chemical 

additives such as a particularly effective superplasticizer and a higher proportion of ultra-thin materials 

should be added to the mixture [4,5]. 

 

With the help of super plasticizers or high water reducers, the workability of the concrete increases 

with the good dispersion of the cement particles in the concrete mixture, and thus the amount of 

mixing water decreases [6].  However, the interaction of the cement and superplasticizer is not fully 

understood and research on this subject is ongoing [7].  There are many ways for determining the 

optimum dosage of the superplasticizers in the mixture, such as slump test [8,9],  the flow table test 

[9,10] and Marsh cone test [9,11]  in terms of rheological perspective [9]. However, these tests only 

give information about the flow of cement paste and do not give information about the dispersion of 

cement grains, which is the main effect of superplasticizer in cement paste [9]. Different methods are 

applied to examine the interaction between colloidal particles and superplasticizers [12]. One of them 

is the measurement of the zeta potential of cement-water suspensions [12]. The zeta potential, which is 

the measurability of an electrical interface, is used in electrical double layer theory [13] (Figure 1). 

The zeta potential is affected by the surface structure of the solid particles and the content of the liquid 

[14-20].  

 

 
 

Figure 1. Configuration of double layer [21] 

 

In the study conducted by Ersoy et al. [22], time dependent zeta potentials of the pure clinker phase of 

normal portland cement were measured. As a result, they found that the C3S phase showed positive 

zeta potential. They also emphasized that the ambient pH does not affect the zeta potential of the C3S 

phase much, but the +2 valence Ca
+2

 ions are the main parameter in the zeta potential of the C3S 

phase. Lastly, the authors said that there was a weak relationship between hydration temperature data 

and time-dependent zeta potential data. 
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Yıldız et al. [23] examined the mineralogical, molecular, zeta potential and simultaneous thermal 

compatibility of usage of pumice and zeolite in high strength concrete. According to the analysis 

results, it is stated that CEM I 42.5 R is suitable for surface charges of pumice and zeolite, but CEM I 

42.5 R and pumice are more electrokinetically compatible.  

 

Srinivasan et al. [9] investigated that the superplasticizers were absorbed by cement particles and the 

zeta potential formed between the interfaces of these particles was measured using electroacoustic 

technique. The study investigated both the zeta potential magnitude for ordinary Portland cement and 

Portland pozzolanic cement pastes and also the effects of different superplasticizers on these cement 

types. When the results were analyzed, Portland pozzolanic cement pastes showed a better distribution 

than ordinary Portland cement pastes. The article also tried to reveal the importance of the interaction 

of three different superplasticizers with cement. In general, it was concluded that one of the best ways 

to understand the absorptive and dispersing effect of superplasticizers in cement paste is by measuring 

the zeta potential of cement suspensions. 

 

In another study [24], the general method, which takes into account the experimentally achievable 

total surface conductivity, has been introduced in the analysis of ESA data obtained from partially 

concentrated suspensions. When the zeta potentials obtained and the zeta potentials without taking into 

account contribution of the stagnant layer to surface conductivity were compared, it was found that the 

zeta potential obtained is unambiguously higher than the other. Also in this study, the mobility of 

potassium and magnesium ions in stagnant layer in terms of hydrodynamic was analyzed. It has been 

concluded that while the level of magnesium mobility is considerably decreased, the ionic mobility of 

potassium has the same magtitude as in bulk solution [24]. 
 

The aim of this study is to examine the interactions of cement, mineral and chemical additives 

in micro scale. For this purpose, the zeta potential values of the mixtures consisting of 

cement, water, calcite and blast furnace slag prepared by using a polycarboxylate based 

plasticizer additive were analyzed. In addition, SEM analyzes of hardened cement pastes were 

made on the 28
th
 days. 

 

 

II. MATERIAL AND METHOD 
 

A. MATERIAL 

 

A. 1. Chemical Additive 

 
Polycarboxylate based chemical additive was used in this study. Table 1 shows the physical properties 

of the chemical additive. 

 
Table 1. Physical properties of the chemical additive 

 

Features Values 

Density (g/cm
3
) 1.06 

pH 5.6 

Solid matter (%) 25 

 

A. 2. Blast Furnace Slag (BFS) 

 
The density and specific surface area of the BFS obtained from Kardemir Karabuk Iron and Steel 

Factory is 3 g/cm
3 
and the is 3785 cm

2
/g, respectively. Table 2 shows the chemical analysis of BFS. 
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Table 2. Chemical analysis of BFS 

 

Oxide SiO2 CaO Al2O3 MgO MnO SO3 Fe2O3 K2O Na2O TiO2 

Content 

(%) 
38.5 36.31 9.98 7.8 2.92 0.63 0.66 1.38 0.23 1.31 

 

A. 3. Calcite 

 
In this study, calcite obtained from the Sivrihisar region and passed under a 75 micron sieve used. The 

density and specific surface area of calcite are 2.72 g/cm
3
 and 4160 cm

2
/g, respectively. Table 3 shows 

the chemical analysis of calcite. 

 
Table 3. Chemical analysis of calcite 

 

Oxide SiO2 CaO Al2O3 MgO SO3 Na2O K2O 

Content 

(%) 
0.01 53.94 0.07 1.93 0.01 0.06 0.13 

      

A. 4. Cement 

 
CEM I 42.5 R cement was used in the study. Table 4 shows the physical and chemical properties of 

the cement. 

 
Table 4. Physical and chemical properties of cement 

 

Physical Properties 

Density 
(g/cm

3
) 

Blaine 

(cm
2
/g

) 

2 

days 

strength 
(MPa) 

7 

days 

strength 
(MPa) 

28 

days 

strength 
(MPa) 

Initial 

setting 
(min) 

Final 

setting 

(min) 

Volume 

expansion 

(mm) 

LOI
*
 

(%) 

3.1 3300 27.3 40.8 51.7 162 282 1 2.5 

Chemical Properties (%) 

SO3 Cl SiO2 Al2O3 Fe2O3 CaO MgO Na2O K2O 

2.81 0.01 20.04 5.27 3.38 62.23 1.89 0.04 0.78 
                *

Loss on ignition 

 

B. METHOD 

 
Samples were prepared to understand the starting interaction of polycarboxylate based chemical 

additives with powder materials in the concrete in micro scales. Samples prepared for this purpose 

were produced as follows; the amounts of the binder, water, chemical additives were kept constant in 

all cement paste prepared and reference cement paste. Then, BFS was added as a replacement material 

to cement at the rates of 10%, 20%, 30% and 40% of cement weight and calcite was added as an 

additional material to mixture at the rates of 10%, 15%, 20% and 25% of cement weight in mixture. 

Mixture quantities and rates are given in Table 5. 
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Table 5. Mixing amounts and ratios for cement pastes 

 

Mixture 

Materials (g) 

Cement       Water     Calcite BFS 

Polycarboxylate 

Based Chemical 

Additive  

Abbreviation 

R 1000 330 0 0 10 R=Reference 

RCa10 1000 330 100 0 10 RCa10 = R + 10 wt% Ca 

RCa15 1000 330 150 0 10 RCa15 = R + 15 wt% Ca 
RCa20 1000 330 200 0 10 RCa20 = R + 20 wt% Ca 

RCa25 1000 330 250 0 10 RCa25 = R + 25 wt% Ca 

C90BFS10 900 330 0 100 10 
C90BFS10 =90% Cement + 10 

wt% BFS 

C80BFS20 800 330 0 200 10 
C80BFS20 =80% Cement + 20 

wt% BFS 

C70BFS30 700 330 0 300 10 
C70BFS30=70% Cement + 30 

wt% BFS 

C600BFS40 600 330 0 400 10 
C60BFS40=60% Cement + 40 

wt% BFS 

C90BFS10Ca10 900 330 100 100 10 

C90BFS10Ca10 

=90% Cement + 10 wt% BFS +10 
wt% Ca 

C90BFS10Ca15 900 330 150 100 10 

C90BFS10Ca15 

=90% Cement + 10 wt% BFS +15 
wt% Ca 

C90BFS10Ca20 900 330 200 100 10 

C90BFS10C10 

=90% Cement + 10 wt% BFS +20 
wt% Ca 

C90BFS10Ca25 900 330 250 100 10 

C90BFS10Ca25 

=90% Cement + 10 wt% BFS +25 
wt% Ca 

C80BFS20Ca10 800 330 100 200 10 

C80BFS20Ca10 

=80% Cement + 20 wt% BFS +10 
wt% Ca 

C80BFS20Ca15 800 330 150 200 10 

C80BFS20Ca15 

=80% Cement + 20 wt% BFS +15 
wt% Ca 

C80BFS20Ca20 800 330 200 200 10 

C80BFS20Ca20 

=80% Cement + 20 wt% BFS +20 

wt% Ca 

C80BFS20Ca25 800 330 250 200 10 

C80BFS20Ca25 

=80% Cement + 20 wt% BFS +25 
wt% Ca 

C70BFS30Ca10 700 330 100 300 10 

C70BFS30Ca10 

=70% Cement + 30 wt% BFS +10 
wt% Ca 

C70BFS30Ca15 700 330 150 300 10 

C70BFS30Ca15 

=70% Cement + 30 wt% BFS +15 
wt% Ca 

C70BFS30Ca20 700 330 200 300 10 

C70BFS30Ca20 

=70% Cement + 30 wt% BFS +20 
wt% Ca 

C70BFS30Ca25 700 330 250 300 10 
C70BFS30Ca25 

=70% Cement + 30 wt% BFS +25 

wt% Ca 

C60BFS40Ca10 600 330 100 400 10 
C60BFS40Ca10 

=60% Cement + 40 wt% BFS +10 

wt% Ca 

C60BFS40Ca15 600 330 150 400 10 

C60BFS40Ca15 

=60% Cement + 40 wt% BFS +15 

wt% Ca 

C60BFS40Ca20 600 330 200 400 10 
C60BFS40Ca20 

=60% Cement + 40 wt% BFS +20 

wt% Ca 

C60BFS40Ca25 600 330 250 400 10 
C60BFS40Ca25 

=60% Cement + 40 wt% BFS +25 

wt% Ca 

-BFS was used a partial cement replacement in the mixtures, Ca was added to cement as an additional material. 
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B. 1. Experiments For Samples Having Micro Size 

 
The zeta potential is measured by ultrasonic sound waves, the vibrations emitted by the particles 

according to the surface charge potential value, as a result of the electric field applied to the mixture 

consisting of the pastes placed in the cell of the test device (Figure 2). The speed and dynamic 

mobility of the particles were calculated from the sound waves emitted by vibrations. As a result of the 

experiment, zeta potential values were obtained as Mv unit. 

 

While preparing the pastes, mixing was done according to TS EN 197-1 [25]. The prepared pastes 

were placed in the zeta potential measuring device and the experiment was continued for 15 minutes 

and a measurement result was taken every 30 seconds. In the zeta potential device, it is mixed with a 

mixer at a constant speed (60 rpm) so that pastes remain homogeneous during the experiment. The 

data obtained after 15 minutes (zeta potential, ESA) were recorded by taking the average. Samples 

taken pastes prepared for zeta potential measurements placed to molds having 5 mm diameter and 3 

mm height for SEM analysis. SEM analysis of hardened paste samples were performed at days 1, 7 

and 28. While SEM analysis was performed on 1-day samples without curing, it was performed on 7 

and 28 day samples subjected to water curing at 20 ± 1 ° C. The zeta potential for each prepared paste 

and SEM analysis for the hardened samples were made in this study. 

 

 
 

Figure 2. Zeta potential measurement test device 

 

 

III. RESEARCH FINDINGS 
 

Large particles of BFS have more smoother edge lines and smoother surface texture than smaller 

particles as seen from Figure 3. 

 
 

Figure 3. SEM micro image of BFS 
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In the SEM analysis given in Figure 4, it is observed that the calcite sample has more irregular 

geometric shapes, more rough surface texture compared to the BFS. 

 

 
 

Figure 4. SEM micro image of calcite [26]  

 

As seen in Table 6, the highest zeta potential was found as 94.6 mV in the cement paste mixture, 

which is C60BFS40Ca10 (C:cement, BFS: blast furnace slag, Ca: calcite). The lowest zeta potential 

was determined as 52.8 mV in the reference sample. In addition, it is seen in Table 6 that an increase 

in zeta potential values was generally occured by adding calcite to cement for reference samples. The 

addition of 20% calcite to the reference sample provided the greatest increase in zeta potential value 

compared to other reference samples. BFS substitutions increased zeta potential values compared to 

the referance sample. The zeta potential value of the paste with 20% BFS substitution was higher than 

those produced at 10%, 30% and 40% BFS substitution rates. With the addition of 10%, 15%, 20% 

and 25% calcite to C90BFS10 paste, calcite addition rates increased but zeta potential values 

decreased. In the same way, with the addition of 10%, 15%, 20% and 25% calcite to C80BFS20 paste, 

calcite addition rates increased but zeta potential values decreased. While the zeta potential values 

decreased with the increase of calcite addition rates in the paste mixes that added 10%, 20% and 25% 

calcite to the C70BFS30 paste, the zeta potential increased in the 15% calcite addition mixture, which 

is C70BFS30Ca15. Also, while the zeta potential values decreased in the paste mixes where 15% 

calcite was added to the C60BFS40 paste, the zeta potential values increased in the mixture of 

C60BFS40Ca10, C60BFS40Ca20 and C60BFS40Ca25.  

 

The reason for the serious differences of the zeta potentials obtained is that the grain sizes of the 

powder materials (cement, BFS and Ca) used in the paste phase are different from each other and large 

according to this test method. 
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Table 6. Results of zeta potential for all samples 

 

Mixture 

Zeta 

Potential 

(mV) 

ESA 

(mPa*M/V) 
Abbreviation 

R 52.8 1.24 R=Reference 

RCa10 53.6 1.20 RCa10 = R + 10 wt% Ca 

RCa15 56.5 1.24 RCa15 = R + 15 wt% Ca 

RCa20 85.2 1.83 RCa20 = R + 20 wt% Ca 

RCa25 82.0 1.72 RCa25 = R + 25 wt% Ca 

C90BFS10 61.0 1.42 C90BFS10 =90% Cement + 10 wt% BFS 

C80BFS20 78.5 1.4 C80BFS20 =80% Cement + 20 wt% BFS 

C70BFS30 60.9 1.39 C70BFS30=70% Cement + 30 wt% BFS 

C600BFS40 56.4 1.29 C60BFS40=60% Cement + 40 wt% BFS 

C90BFS10Ca10 81.7 1.79 C90BFS10Ca10 

=90% Cement + 10 wt% BFS +10 wt% Ca 

C90BFS10Ca15 79.5 1.73 C90BFS10Ca15 

=90% Cement + 10 wt% BFS +15 wt% Ca 

C90BFS10Ca20 75.6 1.61 C90BFS10C10 

=90% Cement + 10 wt% BFS +20 wt% Ca 

C90BFS10Ca25 70.7 1.57 C90BFS10Ca25 

=90% Cement + 10 wt% BFS +25 wt% Ca 

C80BFS20Ca10 87.8 1.87 C80BFS20Ca10 

=80% Cement + 20 wt% BFS +10 wt% Ca 

C80BFS20Ca15 83.5 1.77 C80BFS20Ca15 

=80% Cement + 20 wt% BFS +15 wt% Ca 

C80BFS20Ca20 81.7 1.81 C80BFS20Ca20 

=80% Cement + 20 wt% BFS +20 wt% Ca 

C80BFS20Ca25 79.5 1.73 C80BFS20Ca25 

=80% Cement + 20 wt% BFS +25 wt% Ca 

C70BFS30Ca10 85.9 1.83 C70BFS30Ca10 

=70% Cement + 30 wt% BFS +10 wt% Ca 

C70BFS30Ca15 92.5 1.93 C70BFS30Ca15 

=70% Cement + 30 wt% BFS +15 wt% Ca 

C70BFS30Ca20 79.9 176 C70BFS30Ca20 

=70% Cement + 30 wt% BFS +20 wt% Ca 

C70BFS30Ca25 77.9 1.69 C70BFS30Ca25 

=70% Cement + 30 wt% BFS +25 wt% Ca 

C60BFS40Ca10 94.6 1.96 C60BFS40Ca10 

=60% Cement + 40 wt% BFS +10 wt% Ca 

C60BFS40Ca15 76.3 1.64 C60BFS40Ca15 

=60% Cement + 40 wt% BFS +15 wt% Ca 

C60BFS40Ca20 84.5 1.75 C60BFS40Ca20 

=60% Cement + 40 wt% BFS +20 wt% Ca 

C60BFS40Ca25 87.0 1.82 C60BFS40Ca25 

=60% Cement + 40 wt% BFS +25 wt% Ca 

-BFS was used a partial cement replacement in the mixtures, Ca was added to cement as an 

additional material. 

 

Figure 5 shows the SEM image of the 28-day reference paste and also the EDS analysis (Figure 6) of 

the region indicated by the red line. According to the results of EDS and SEM analyzes, it is seen that 

calcium silicate hydrates are in the majority in this region. 
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Figure 5. SEM image of the reference cement paste on the 28
th 

day 

 

 
 

Figure 6. EDS analysis of the region indicated by the red line on the SEM image for the reference cement paste 

on the 28
th 

day 

 

In the 28-day SEM analysis of hardened cement paste (Figure 7), RCa25, the presence of ettringite in 

the region marked with the red line was determined according to the EDS (Figure 8) result. 
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Figure 7. SEM image of the RCa25 paste on the 28
th 

day 

 

 
 

Figure 8. EDS analysis of the region indicated by the red line on the SEM image for the RCa25 paste on the 28
th 

day. 

 

The presence of calcium aluminate hydrate in the region marked with the red line on the lower left of 

the SEM image (Figure 9) for the C60BFS40Ca25 paste on the 28
th 

day was determined according to 

the EDS result (Figure 10 (a)). In addition, the presence of calcium silicate hydrate in the region 

marked with the red line on the upper of the SEM image for the C60BFS40Ca25 paste on the 28
th 

day 
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was determined according to the EDS result (Figure 10 (b)). Lastly, the presence of ettringite in the 

region marked with the red line on the middle of the SEM image (Figure 11) for the C60BFS40Ca25 

paste on the 28
th 

day was determined according to the EDS result (Figure 12). 

 

 
 

Figure 9. SEM image of the C60BFS40Ca25 paste on the 28
th 

day 

 

 
(a) (b) 

 

Figure 10. (a) EDS analysis of the region indicated by the red line on the lower left of the SEM image for the 

C60BFS40Ca25 paste on the 28
th 

day. (b) EDS analysis of the region indicated by the red line on the upper of 

the SEM image for the C60BFS40Ca25 paste on the 28
th 

day. 
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Figure 11. SEM image of the C60BFS40Ca25 paste on the 28
th 

day 

 

 
 

Figure 12. EDS analysis of the region indicated by the red line on the middle of the SEM image for the 

C60BFS40Ca25 paste on the 28
th 

day. 
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IV. CONCLUSION 
 

The highest zeta potential value was obtained for C60BFS40Ca10 paste (94.6 mV). The lowest zeta 

potential was 52.8 mV for the reference sample. It has been determined that with the increase of 

calcite additions to the reference samples, it increases the zeta potential results. 

 

The reason for the serious differences of the zeta potentials of the paste mixes is that the grain sizes of 

the powder materials (cement, BFS, Ca) used in the paste phase are very large compared to this test 

method. 

 

In order for the measurement results with zeta potential to be more consistent, it will be necessary to 

work with much finer powder materials (cement, mineral additives, calcite). The specific surface area 

of all powder materials greater than 5000 cm
2
/gr can provide more consistent zeta potential results. 

 

In the SEM analysis, it was observed that the calcium hydroxide rate in the environment decreased and 

C-S-H gels increased after 28 days with the increase of BFS rate. So, as new calcium silica hydrate 

gels are generated as a result of reactions of BFSs with calcium hydroxides, it has been observed that 

the amount of calcium hydroxide decreases in hardened pastes. In the SEM analysis, with the increase 

of the calcite addition rate, the volume of powder material increased and the micro voids decreased. 
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