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Abstract

Concrete is one of the most widely used building materials all over the world. The main purpose of the concrete industry is to produce
more durable concrete. Concrete, which is the most basic need of people, especially in residences, consists of cement, aggregate, water,
and chemical admixtures if necessary, according to the desired feature. Plasticizing admixtures are used to increase the workability of
fresh concrete and reduce the water amount in the mixture. This study investigated the effects of sulfonatebased superplasticizers on
flow rate, compressive strength, and crystalline structure. Cement, sand, water, and two different admixtures (naphthalene sulfonate,
lignosulfonate+naphthalene sulfonate) were used to prepare cement mortars. The water/cement ratio was constant at 0.5 while the
admixture percentages varied at different rates as 0.2, 0.5, and 1. The flow rates were determined using a flow table. The compressive
strength tests were performed on each cement mortar aged 7 and 28 days. The crystalline structure of the 28-day aged samples was
determined by X-ray Diffractometry (XRD) Spectrometer. The flow rates increased with the increasing admixture ratio. The highest
compressive strength was obtained as 49.94 MPa and 51.33 MPa for naphthalene sulphonate and lignosulphonate+ naphthalene
sulfonatebased admixtures, respectively. The intensity of the main crystalline structure increased with increasing admixture ratios up to
0.5% and decreased with increasing ratio to 1%. The highest compressive strengths were obtained with 0.5% naphthalene sulfonate and
0.2% lignosulfonate+naphthalene sulfonate admixtures for the 28 days aged cement mortars.

Keywords: — Naphthalene Sulfonate based admixture, Lignosulfonate+ naphthalene sulfonate based admixture, Compressive Strength,
Crystalline Structure

Siillfonat Esash Katki Yiizdesinin Cimento Har¢larinin Mekanik ve

Mikroyapisal Ozelliklerine Etkisinin Belirlenmesi

Oz

Beton, tiim diinyada en yaygin kullanilan yap1 malzemelerinden biridir. Beton sektoriiniin temel amact daha dayanikli beton tiretmektir.
Ozellikle insanlarin en temel ihtiyaci olan konutlarda beton, istenilen 6zellige gore gimento, agrega, su ve gerekirse kimyasal katkilardan
olugsmaktadir. Taze betonun islenebilirligini artirmak ve karisimdaki su miktarini azaltmak i¢in akigkanlastirict katkilar kullanilir. Bu
calisma, siilfonat bazli siiper akigkanlastiricilarin yayilma ¢api, basing dayanimi ve kristal yap1 tizerindeki etkilerini arastirmistir.
Cimento har¢larmin hazirlanmasinda ¢imento, kum, su ve iki farkli katki (naftalin siilfonat, lignosiilfonat+naftalin siilfonat)
kullanilmistir. Su/¢imento orani 0,5'te sabit kalirken, katki yiizdeleri 0,2, 0,5 ve 1 gibi farkli oranlarda degistirilmistir. Yayilma ¢aplar
bir yayilma tablas1 kullanilarak belirlenmistir. 7 ve 28 giinliik her bir ¢imento harci iizerinde basing dayanimi testleri yapilmistir. 28
glinliik numunelerin kristal yapisi, X-1s1mn1 Difraktometrisi (XRD) Spektrometresi ile belirlenmistir. Artan katki oran1 ile akis hizlari
artmustir. En yiiksek basing dayanimi naftalin siilfonat ve lignosiilfonat+naftalin siilfonat esasli katkilar i¢in sirasiyla 49.94 MPa ve
51.33 MPa olarak elde edilmistir. Ana kristal yapinin yogunlugu, katki oranlarinin %0.5'e kadar artmasiyla artmig, %1'e artmasiyla ise
azalmistir. 28 giinliik ¢imento harglarinda en yiiksek basing dayanimlar1 %0.5 naftalin siilfonat ve %0.2 lignosiilfonat+naftalin siilfonat

katkilari ile elde edilmistir.
Anahtar Kelimeler: Naftalin Siilfonat esasli katki, Lignosiilfonat+ naftalin siilfonat esasli katki, Basing Dayanimi, Kristal Yap:
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1. Introduction

Cement, which was discovered by mixing gypsum and
crushed stones, was developed as a result of the efforts of
scientists in the 1800s and started to be produced by mixing
gypsum and clay at high temperatures. The cement used today is
formed by melting or sintering aluminum oxide, calcium oxide,
iron oxide, and silicon oxide [1].

The structure, which is a composite material containing
cement, water, aggregate, and chemical or mineral admixtures
designed according to the area is called concrete [2].

Superplasticizers (also called high-range water reducers) are
a class of plasticizers that have less harmful effects and can be
used to increase workability more than conventional plasticizers.
Superplasticizers are also can be used to increase compressive
strength. It increases the workability of concrete and reduces the
need for water content by 15-30% [3].

The purpose of plasticizing admixtures is to reduce the water
content in the concrete while maintaining its fluidity and
workability. The strength and durability of concrete increase with
decreasing water content. The disadvantages of superplasticizers
when added to the concrete in large quantities are causing delay
and bleeding in the hardening of the concrete and entering a high
amount of air [4].

Lignosulfonates (LS) based admixtures are the first
admixtures used in the group of water-reducing admixtures in
concrete. Lignosulfonates are formed as a result of the
delignification of lignin, which is the raw material of the paper
industry, the degree of sulfonation is increased to control both the
solubility and the plasticizing effect. They have a water reduction
capacity of 8-10% [5].

Naphthalene sulfonates (NS) are produced by the sulfonation
of naphthalene with sulfuric acid. It is widely used as a concrete
admixture due to its resistance to freezing and the introduction of
air into the concrete [5].

As the number of water increases, the workability of the
concrete increases. Water enters between the cement particles and
ensures that the cement paste is in a fluid state, but this leads to
loss of strength and bleeding. For this reason, it is necessary to
use appropriate chemical admixtures [6].

This study, it was aimed to determine the appropriate
plasticizer amount used in cement mortars which obtain the
highest fluidity and compressive strength.

2. Material and Method

2.1. Material
In this experimental study, cement, sand, water, and two
different =~ commercial  sulfonate-based  superplasticizers

(lignosulphonate+ naphthalene sulfonate and naphthalene
sulphonate) were used. The experiments were carried out with a
constant water/cement ratio of 0.5 while the superplasticizer ratios
varied from 0.2%, 0.5%, and 1%.

2.2. Method

Cement mortars were prepared according to TS EN 196-1.
The superplasticizers were first mixed with water and then added
to the cement and sand mixture. Flow values of each mortar were
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measured with a flow table. The mortars were poured into 4x4x16
cm steel molds. The molds were vibrated to prevent air bubbles.
After 24 hours the mortars were removed from the mold and cured
in a water bath for 7 and 28 days. Compressive strengths were
performed on all samples. The crystal structures of the samples
cured for 28 days were determined by X-ray Diffractometry
(XRD). The composition of the cement used was examined with
X-ray Fluorescence (XRF) Spectrometer and the result is given in
Table 2.1.

Table 2.1. Chemical composition of cement

Composition %
CaO 62.2583
Si0; 18.9675
AL O3 4.7248
Fe O3 2.9604

SO; 2.6057
MgO 1.8218
K>O 0.6058
TiO; 0.4928
Na,O 0.3893
P,0s 0.0866
Cn0s 0.0613
MnO 0.0387

3. Results and Discussion

3.1. Flow Test & Compressive Strength Analysis
The flow rates of each cement mortar prepared by using two
different plasticizers with constant water/cement ratio and
varying admixture ratios changed as 0.2%, 0.5%, and 1% were
given in Figure 1.

Flow Table Analysis
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Figure 3.1. Flow rates of the cement mortars with/ without
admixture

In Figure 3.1. it was observed that as the amount of admixture
increased, the workability and flow diameters were increased. The
increment was very significant when the admixture ratio was
increased to 1%. The highest flow rate was obtained as 95% with
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lignosulfonate+naphthalene sulfonate (LNS) admixture. The
compressive strength values of cement mortars prepared with
naphthalene sulphonate-based admixture and aged for 7 and 28
days are given in Figure 3.2.
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Figure 3.2. The compressive strength values of cement mortars
prepared with naphthalene sulphonate based admixture and aged
for 7 and 28 days

It was observed that the compressive strengths of the mortars
increased by increasing the admixture ratio up to 0.5. The
strengths of the mortars increased to 49.95 MPa from 45.9 MPa
when the admixture ratio was increased to 0.5%. CsS

The compressive strength values of cement mortars prepared
with lignosulphonate + naphthalene sulfonate-based admixture
and aged for 7 and 28 days are given in Figure 3.3.
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Figure 3.3. The compressive strength values of cement mortars
prepared with lignosulphonate+ naphthalene sulfonate based
admixture and aged for 7 and 28 days
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The compressive strengths of the cement mortars prepared
with lignosulphonate+ naphthalene sulfonate-based admixture
and aged for 7 and 28 days were increased when compared to the
reference sample. The strength values slightly decreased with the
increasing admixture ratio. The highest compressive strength
value was obtained as 51.33 MPa with a 0.2% admixture ratio
when the strength of the reference sample was 45.9 MPa.

3.2. X-Ray Diffraction (XRD) Analysis

The crystalline structure of the cement mortars prepared with
two different admixtures and aged for 28 days was determined by
X-Ray diffraction (XRD) spectrometry. The XRD spectrum of the
mortars prepared with naphthalene sulfonate-based admixtures is
given in Figure 3.4. The peaks of ~20°, 26°, 37°, 40°, 60°, 70° in
e-ISSN: 2148-2683

XRay diffraction spectrometer of the 28 days aged samples
prepared by using 0.2%, 0.5%, and 1% admixtures are called
quartz (Si0). ~35°, 45°, 50°, 55°, and 65° are called portlandite
(Ca(OH),). These peaks are numbered at the top of the graph and
are valid for all 4 spectrometers.

H: quartz
Naphtalene Sulfonate []: Portlandite (CH)
[1]: Tobermorit (C-5-H)
: Anorthite
50,14
34,6 36,64 42,48 47,24
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Figure 3.4. 28- day XRD spectrum of samples prepared by
naphthalene sulfonate based admixtures

Tobermorit is one of the C- S- H minerals. The intensity of
the portlandite peak is the highest in the reference sample, but the
peak intensity decreased with an increasing admixture ratio. [7-
8]. The XRD spectrum of the mortars prepared with
lignosulphonate+ naphthalene sulfonate-based admixtures are
given in Figure 3.5.
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Figure 3.5. 28- day XRD spectrum of samples prepared by
lignosulphonate+ naphthalene sulfonate based admixtures

The presence of the alite peak indicates that not all of the
cement particles come into contact with water and react [14]. The
intensity of the portlandite peak is the highest in the reference
sample, but the peak intensity decreased with increasing
admixture ratio as seen in Figure 3.4.

3.3. Discussion

The flow rates and compressive strengths of the samples aged
for 28 days increased as the admixture ratio increased (regardless
of the admixture type) compared to the reference admixture.
When the admixture ratio increased to %1, the compressive
strength decreased in LNS. In the study of Torres et al., as the
fluidity increased, a decrease in compressive strength was
observed. In the studies of Collepardi et al. in 1998 and by Uyan
et al. in 1996, it was observed that superplasticizer admixtures
contribute to the processing of concrete and increase the
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compressive strength [9-11]. The highest compressive strengths
of the mortars were obtained with the 0.5% admixture ratio for
both lignosulphonate+ naphthalene sulfonate and naphthalene
sulphonate admixtures as in the studies by Kandemir and Ekinci.
In Figure 3.2 and Figure 3.3, it was determined that the optimum
value of naphthalene sulfonate-based admixture was 0.5%, and
increasing the admixture dose did not affect the compressive
strength. Samples containing LNS admixtures have high
compressive strength even at low admixture ratios [12-13]. The
presence of non-hydrated cement components in the hardened
concrete indicates insufficient reaction with cement and water.
Although there are non-hydrated cement particles in all hardened
concrete, it is important to increase the amount of non-hydrated
cement with increasing admixture dosage. This thesis was also
supported by the amount of portlandite (CH). The amount of CH
decreased as the dosage increased [14].

4. Conclusions and Recommendations

The flow diameter of the mortars increased as the admixture
ratio increased in the samples aged when compared to the
reference sample as expected. The flow ratio values of the mortars
prepared LNS and NS admixtures were close to each other. The
highest flow rate was obtained with a 1% admixture ratio for the
lignosulphonatet+ naphthalene sulfonate-based admixture as
51.33 MPa. The compressive strengths of the mortars prepared
with two different admixtures increased when the admixture
ratios were increased to 0.5%, however, the strengths decreased
for the 1% admixture ratio. The highest compressive strength was
obtained as 49.94 MPa for naphthalene sulphonate-based
admixture with a 0.5 % ratio and 51.33 MPa for lignosulphonate+
naphthalene sulfonate based admixture with a 0.2 % ratio at the
end of the 28- day aging period. In some spectrums, an alite peak
that was expected to transform into C-S-H gel was observed as a
result of hydration reactions within 28 days. This shows that some
cement particles remained unreacted [15]. As can be seen from
XRD graphics and literature reviews, the intensity of the CH peak
decreased as the amount of admixture increased.
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