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Abstract

Chemical admixtures are generally used in ready mixed concrete production to improve and enhance the concrete properties.
Polycarboxylate based superplasticizers are classified as third generation plasticizing admixtures which increase fluidity and workability
without decreasing compressive strength. Geopolymers having many superior properties are alternative materials to ordinary Portland
cement concrete. Geopolymers are environmentally friendly and sustainable materials because they can be synthesized from waste
materials such as fly ash. In this experimental study, geopolymer pastes were produced by using fly ash, 10 M sodium hydroxide, sodium
silicate solution and plasticizer. Cement mortars were produced according to TS EN 196-1 standard. Polycarboxylate based plasticizers
synthesized at laboratory conditions were used at 1% by weight in both ordinary Portland cement mortar and geopolymer paste.
Geopolymer samples were aged for 7 and 28 days at laboratory conditions while cement mortars were aged in water bath. The fluidity
values of fresh mixtures were determined. The flexural strength and compressive strength tests were conducted at the ages of 7 and 28
days. The plasticizers had positive effects on cement mortars but unfavorable results on geopolymer. The use of plasticizer increased
the fluidity and the strength values in mortars, on the contrary, admixtures caused decrease in the values of geopolymer samples. The
highest compressive strength was obtained as 38.3 MPa for mortar sample aged for 28 days and was 15.3 MPa for geopolymer samples.

Keywords: Plasticizer, Cement mortar, Geopolymer, Compressive strength, Workability.

Polikarboksilat Esash Katki Kullanilarak Uretilen Geopolimer
Macun ve Normal Portland Cimento Harcinin Ozelliklerinin
Karsilastirilmasi

Oz

Kimyasal katkilar genellikle beton iiretiminde beton 6zelliklerini iyilestirmek ve gelistirmek i¢in kullanilmaktadirlar. Polikarboksilat
esasht siiperakiskanlastiricilar, basing dayanimini diisiirmeden akigkanligi ve islenebilirligi artiran ti¢ilincii nesil plastiklestirici katkilar
olarak siniflandirilir. Birgok istiin 6zellige sahip olan geopolimerler, geleneksel Portland ¢imento betonuna alternatif malzemelerdir.
Geopolimerler, ugucu kiil gibi atik maddelerden sentezlenebildikleri i¢in ¢evre dostu ve siirdiiriilebilir malzemelerdir. Bu deneysel
calismada ugucu kiil, 10 M sodyum hidroksit, sodyum silikat ¢ozeltisi ve plastiklestirici kullanilarak geopolimer hamuru tretilmistir.
Cimento harglari TS EN 196-1 standardina gore iretilmistir. Laboratuvar kosullarinda sentezlenen polikarboksilat esasli
akigkanlagtiricilar hem geleneksel Portland ¢imentosu harcinda hem de geopolimer macununda agirlik¢a %1 oraninda kullanilmugtir.
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Geopolimer numuneler laboratuvar kosullarinda, ¢imento harglar ise su banyosunda 7 ve 28 giin yaslandirilmistir. Her taze karigimin
akigkanlik degerleri belirlenmistir. Biitiin numunelere 7 ve 28. giinlerde egilme dayanimi ve basing dayanmimu testleri uygulanmustir.
Akiskanlagtiricilarin harglarinin 6zellikleri tizerinde olumlu etkilerinin oldugu ancak geopolimer iizerinde olumsuz etkileri oldugu
gozlenmistir. Akiskanlastirict kullanimi ¢imento harglarinda akigkanlik ve dayanim de@erlerini artirmigtir, ancak geopolimer
numunelerinin degerlerinde diisiise neden olmustur. En yiiksek basing dayanimi 28 giin yaglandirilmig beton numunesinde 38,3 MPa,

geopolimer numunelerinde ise 15,3 MPa olarak elde edilmistir.

Anahtar Kelimeler: Akiskanlastiric1, Cimento harci, Geopolimer, Islenebilirlik.

1. Introduction

Concrete is a composite material consisting of cement, water,
aggregate and if required chemcial and mineral admixtures.
Approximately 3 tonnes of concrete is consumed per person each
year and increasing by 9% annualy [1,2]. Concrete and mortar are
used twice— about 35 billion tons — of any other industrial building
material, including wood, steel, plastic and aluminium [3].
Cement is the binder that holds the aggregates together [1].
However, cement production poses an environmental threat due
to CO; emissions [2]. An increased awareness on the depletion
and conservation of resources and environmental protection has
led many researchers to investigate environmentally friendly and
innovative materials alternative to building materials [4,5].

The cement industry does not comply with sustainable
development because the raw materials used in the production
process are not recycled and non-renewable materials. Waste
materials or by-products of numerous industries such as fly ash,
bottom ash, blast furnace slag, ground granular blast furnace, rice
husk ash, silica fume can be used to reduce carbon dioxide
emissions [4,6].

Geopolymer concrete is an alternative material for traditional
concrete which can be produced by different raw
materials/combinations of various waste materials or by-products
[4]. Geopolymeric materials are environmentally friendly
building materials because they do not need limestone, do not
create pollution and consume less energy [7].

Geopolymers have a three-dimensional network structure
containing silicon-oxygen and aluminum-oxygen tetrahedra
linked by bridging oxygen atoms and formed by alkali activation
of silica-alumina containing raw materials [8]. The rheology of
geopolymer is different from ordinary concrete due to the high
viscosity of the alkali activator solution. Although the increase in
the concentration of the alkali activator solution accelerates the
geopolymer reactions, it decreases the workability [9].

Chemical admixtures are widely used in the production of
cement-based materials to improve their performance [10].

Superplasticizers which are produced from petrochemicals
significantly to improve the workability and to produce flowable
cement-based materials and play an important role in the
production of high-performance cement-based materials
[10,11,12]. The polycarboxylate superplasticizers have become
increasingly important for the last 30-40 years as they
significantly reduce the amount of water required in the
production of high-performance concrete [13].

The addition of polycarboxylate superplasticizers improves
the workability of cementitious materials through electrostatic
and steric repulsion and affects the hardened cement properties by
altering hydration processes [ 14]. The use of polycarboxylates has
positive effect on the workability, mechanical strength and
durability of concrete. It has been found by some researchers that
changing the structure of polycarboxylate based admixtures such
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as molecular weight and side chain length affects some properties
like workability retention and compressive strength [15].

2. Material and Method

Mortars were produced according to TS EN 196-1 standard.
Ordinary Portland cement, CEN-Standard Sand, water and
plasticizer were used to produce mortar samples. Cement mortars
were produced with a laboratory mixer with a capacity of 50 dm?
as specified in TS EN 196-1. 450 gr cement, 225 gr water, 1350
gr standard sand were used in each batch.

Geopolymer pastes were synthesized by using flay ash. 10 M
sodium hydroxide solution was prepared 24 hours before the
experiment. Sodium hydroxide was mixed with sodium silicate to
get homogeneous activator solution. Activator solution was added
into fly ash and mixed for 5 minutes with cement mixer same as
used in cement mortar.

Polycarboxylate based superplasticizer admixtures were
prepared at laboratory conditions copolymerization of
methacrylic acid and methacrylate. The admixtures were
synthesized at 60°C for 1 and 3 hours. The admixtures were added
into the both mortars and geopolymer pastes at 1% by weight. The
polymerization degree on the fluidity and compressive strength
values were investigated.

Cement mortar and geopolymer pastes were cast into
40x40x160 mm moulds. Mortars were aged for 7 and 28 days in
water bath while geopolymer pastes were aged at laboratory
conditions. The flow values of each sample were measured by
flow table. The flexural strength and compressive strength values
were measured for all hardened samples.

3. Results and Discussion

The flow values of each fresh mixture were measured by flow
table which was set to 15 seconds. After the funnel was filled, the
diameter of the mortar was measured in two different directions.
The average values of each measurement for both cement mortar
and geopolymer paste were given in Figure 1.
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Fig. 1 The flow values of cement mortar and geopolymer
paste
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The duration of the polymerization of admixtures has
positively affected the flow values of cement mortars. The flow
values of mortars and geopolymer pastes were increased with the
duration. The highest flow value was 28.5 cm for the sample
polymerized for 3 hours. The flow value decreased for the
geopolymer paste produced with the admixture polymerized for
an hour. As the duration of the polymerization of admixtures
increased to 3 hours, the flow value increased to about 26 cm that
was the highest flow value for geopolymer paste.

The flexural strength of cement mortars aged for 7 days and
28 days are given in Figure 2.
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Fig. 2 The flexural strength of cement mortars aged for 7 and
28 days

The flexural strength values of cement mortars produced with
admixtures were higher than those of the reference sample. The
values of the samples produced with the admixture polymerized
for 3 hours were slightly lower than those polymerized for an
hour. Test results revealed that the flexural strength values were
increased with aging. The highest value was 4.93 MPa for the
sample produced with the admixture polymerized an hour and
aged for 28 days.

The flexural strength of geopolymer pastes aged for 7 days
and 28 days are given in Figure 3.
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Fig. 3 The flexural strength of geopolymer pastes aged for 7
and 28 days

The flexural strength values of geopolymer pastes for 7 days
aging were quite low when compared to those of the reference
geopolymer sample. The same decrease was not observed for the
samples aged for 28 days. It was observed that the values were
decreased with admixture polymerization duration. The highest
flexural strengths for the reference sample and geopolymer pastes
aged for 28 days were 3.8 MPa and 3.56 MPa, respectively.

The compressive strength of cement mortars aged for 7 days
and 28 days are given in Figure 4.
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Fig. 4 The compressive strength of cement mortars aged for
7 and 28 days

Test results showed that the compressive strength values of
mortars produced with admixtures were higher than those of
reference sample. similar to flexural strength values. The highest
values were obtained as 30.58 MPa for 7 days and 35.44 MPa for
28 days for samples produced with 1-hour polymerized additive.

The compressive strength of geopolymer pastes aged for 7
days and 28 days are given in Figure 5.
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Fig. 5 The compressive strength of geopolymer pastes aged
for 7 and 28 days

The compressive strength values of the geopolymer pastes
produced with plasticizers were found to be lower than those of
the reference sample. The compressive strengths of the reference
sample were 13.1 MPa and 22.95 MPa for 7 and 28 days aged
samples, respectively. As the polymerization duration of
admixtures increased, the compressive strength of the geopolymer
pastes aged for 28 days decreased. The compressive strength of
the pastes synthesized with the admixture polymerized for 1 hour
was 15.3 MPa and 12.96 MPa for the admixture polymerized for
3 hours.

4. Conclusions and Recommendations

The flow value, flexural strength and compressive strength
values were compared for cement mortar and geopolymer pastes.
The flow values of cement mortars increased with polymerization
duration of admixtures. However, the flow values of geopolymer
pastes were decreased and increased, respectively with the
duration of 1 h and 3h. The flow values of cement mortars were
higher than geopolymer pastes. Both flexural strength and
compressive strength values of the cement mortar samples were
found to be higher than those of the reference sample. However,
it was observed that the strength values of the geopolymer
samples were lower than those of the reference sample, as
opposed to the values of the cement pastes.

The polycarboxylate based admixtures used in this
experimental study were synthesized at laboratory conditions.
The admixtures affected positively the flowability, flexural
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strength and compressive strength of the cement mortars but the
same results were not obtained with geopolymer pastes. Test
results revealed that polycarboxyla based admixture is compatible
with cement mortar and resulted in high values, but is not
compatible with geopolymer paste. This may be due to the fact
that the formation mechanisms of cement mortars and
geopolymers are completely different from each other. The
synthesis conditions can be changed to enhance the properties of
geopolymer pastes.
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