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In this study, blast furnace slag geopolymer mortars were prepared in prism molds with the
size of 4 x 4 x 16 cm by alkali activating powdered sodium meta silicate (NazSiO3). The mortar
mixtures prepared to contain sodium in different proportions were cured with 3 different

curing methods, and 300 cycles of freeze-thaw were applied, and strength and weight losses
were examined. Control samples prepared with PC were also exposed to freeze-thaw cycles
and the results were compared with each other. It was observed that 8% sodium added
geopolymer mortars significantly preserved their compressive strength and weight.
Especially, the compressive strength of the samples produced with 8% sodium and exposed
to freeze-thaw cycle after 28 days of air curing increased by around 32%.

1. INTRODUCTION

Geopolymers are defined as binders that reduce CO2
emission, provide recycling of waste materials, and have
the potential to be an alternative to Portland Cement
(PC)(Atabey et al, 2020). Waste materials with high
silica and alumina content such as fly ash (FA) and blast
furnace slag (BFS) are used in the production of
geopolymer mortar. FA and BFS are activated with some
alkaline materials to gain strength (Celikten et al., 2019).

Portland cement is the most widely used hydraulic
binder in the construction industry. This hydraulic
binder has a composite structure made of materials such
as limestone and gypsum. PC has high strength and high
freeze-thaw resistance. However, excessive amount of
energy need during production and causing high CO:
emission are among its disadvantages. Researchers state
that it is responsible for 5-7% of the world's CO2, with
around 0.66-0.82 kg CO: emission per 1 kg of PC
(Lammlein et al,, 2019; Peng et al., 2012; Xie et al,, 2019;
Zhang et al., 2018, 2020)

On the other hand, thanks to geopolymer material
technology, it has been revealed that greenhouse gas
emissions and energy consumption were reduced by
73% and 43%, respectively (Meyer, 2009). This makes it
attractive to investigate geopolymer binders as an

alternative binder instead of Portland cement in concrete
production (Juenger et al,, 2011).

Frost resistance is an important property for
concrete durability (Zhuang et al,, 2016). Fuetal. (2011).
determined that geopolymer concrete can withstand the
freeze-thaw effect more than 300 cycles. It has been
determined by researchers that F class fly ash based
geopolymer concretes have poor frost resistance but can
withstand up to 225 cycles with the addition of 50% slag
(Zhao et al, 2019). It is also among the determined
features that the freezing resistance of normal Portland
cement concretes increases with the addition of air
entraining admixture, but the air additive decreases the
strength in geopolymer concretes (Brooks et al., 2010;
Sun and Wuy, 2013; Yuan et al,, 2020).

In this study, the freeze-thaw resistance of blast
furnace slag was investigated by activating alkali to
contain different amounts of sodium. After the mortar
mixes were kept under different curing conditions, they
were subjected to freezing-thawing for 300 cycles and
Flexural, compressive strength and mass losses were
investigated. The results obtained were compared with
the control samples prepared with Portland cement. The
aim of the study is to contribute to the literature by
conducting research on new binder materials in order to
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reduce the economic and ecological damage of Portland
cement.

2. MATERIALS AND METHOD
2.1. Cement

Normal Portland cement (CEM I 42.5 R) was used for
the control samples in the study. The material supplied
from Tokat Adogim Cement Factory conforms to the
standards (TS EN 197-1, 2012). The chemical properties
of cement was given in Table 1.

2.2. Blast Furnace Slag

The blast furnace slag used in the study is the slag
waste of iskenderun Iron and Steel Factory. The slag was
supplied and used as ground powder. The specific
surface area of the slag was determined as approximately
6000 cm?/g, and the specific gravity was determined as
2.90 g/cm3. The chemical properties of slag was given in
Table 1.

Table 1. Chemical properties of cement and slag

Oxide Cement Slag

Si02 (%) 18.87 38.89
Ca0 (%) 62.78 28.94
Naz0 (%) 0.4 0.36
K20 (%) 0.9 0.78
Alz03 (%) 5.62 13.48
S0s3 (%) 2.82 1.51
MgO (%) 2.63 5.53
Fe203 (%) 2.54 1.36
MnO (%) - 1.16
Others (LOI etc.) 3.44 6.50

2.3. Sand

For the mortar mixes, river sand from Tokat region
was used. Maximum grain size was 4 mm, density of sand
was approximately 2.3 g/cm3.

2.4. Water

Normal drinking water was used in the production
of mortars (TS EN 1008, 2003).

2.5. Activator

For the alkaline activation of the mortars, Na2SiOs in
powder form supplied from Tekkim Chemical Industry
was used.

2.6 Mix proportions

Mixing ratios of mortars were specified as follows;
binder / aggregate ratio 1:3, water / binder ratio 1: 2,
aggregate amount 1350 g sand (TS EN 196-1, 2016). 3
different activator ratios were used in the production of
blast furnace slag geopolymer mortars. NazSiOz was
added to the mortar mixture in a way to contain 4%, 8%
and 12% sodium by weight of the slag. The mix

proportion of mortars was given in Table 2. The prepared
mortars were placed in prism molds of 4x4x16 cm3
dimensions. The mortars prepared with 3 different
activators were subjected to 3 different cures. These
curing methods were determined as 1 day in oven (DO)
at 75 °C, 28 days at 20£2 °C room temperature (DA) and
28 days in water at 21+2 °C (DW). Portland cement
mortars that are the control samples were also cured at
2142 °C in water for 28 days. Geopolymer mortars and
control mortars that completed their curing time were
subjected to 300 cycles of freezing-thawing. After the
cycle is completed, the weight changes, flexural and
compressive strength changes of the mortars were
determined.

Table 2. Mix proportions

Mixture Cement Slag Activator Water Sand
(8 (g) (%) (8 (8
Cement 450 0 0 225 1350
Slag 0 450 4-8-12 225 1350
3. RESULTS

Weight, flexural strength and compressive strength
changes at the end of 300 cycles are given in Table 3.

Table 3. Physical and mechanical changes after the
freeze-thaw test

Loss of Loss of

. . . Loss of
Sodium Curing flexural = compressive .
- weigth
Ratio type strenght strenght (%)
(%) (%) ’
CEMI42.5R 28DW 0.67 -4.29 0.86
1DO 28.94 20.95 7.28
4% 28 DA 100.00 100 4.86
28DW 90.84 -29.67 0.67
1DO 43.78 -2.04 -2.66
8% 28 DA 16.50 -31.91 1.58
28DW 28.97 3.67 -0.23
1DO 100.00 100 100
12% 28 DA 30.96 59.69 5.18
28DW 67.49 4091 7.34

According to the weight and strength results
obtained; It is observed that the weight and flexural
strength of the control samples are preserved and the
compressive strength increased by about 4.3%. In slag
geopolymer mortars, it is seen that 4% 28 GH and 12% 1
GE samples are completely dispersed. However, it was
determined that the weight was preserved and the
compressive strength significantly increased in the 8%
sodium added mortars. Although the flexural strength of
the 8% 28 DA sample decreased by 16%, the
compressive strength increased by 32% and reached the
value of 76.39 MPa. The compressive strength of the 8%
1 DO sample increased by 2% and reached 58.60 MPa.
Although the compressive strength of the 8% 28 DW
sample decreased by 3.6%, it shows a compressive
strength of 72.68 MPa.
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Figure 1. Images of mortars after freeze-thaw test

In 4% sodium added geopolymer mortars; although
the flexural strength of the 28 DW sample decreased
significantly, the compressive strength increased around
30% and reached the value of 58.13 MPa. Even though
the compressive strength of the 1 DO sample reduced by
21%, it decreased to 44.23 MPa.

An overall decrease was observed in 12% sodium
added mortars. It was detected that the 1 DO sample was
completely dispersed. In addition, the compressive
strengths of the 28 DA and 28 DW samples decreased to
24.85 and 33.35 MPa, respectively.

Generally, at the end of the freeze-thaw cycle, it was
observed that 8% sodium added geopolymer mortars
maintained themselves in terms of both weight and
strength. It was detected that 12% sodium added
mortars were more affected.

4. DISCUSSION

Strength and weight changes of slag geopolymer
mortars and control mortars after 300 cycles of freeze-
thaw were investigated. It was observed that 8% sodium
added mortars were the least affected samples by the
freeze-thaw cycle. These mortars are thought to be less
damaged because of the fact that they gain their
strengths very well.

It was determined that the strength and weight
losses are high in mortars containing 4% and 12%
sodium. Although the initial strengths of these mortars
are high, it has been observed that they are more
damaged during the freeze-thaw cycles. In this study, it
can be said that 8% sodium meta-silicate addition gives
the optimum results.

5. CONCLUSION

In line with the purpose of the study, it was
investigated that slag geopolymer mortars could be an
alternative binder to Portland cement. Experimental
studies have been conducted for this purpose and some
data have been obtained. It was determined that slag
geopolymer mortars reached higher compressive
strengths than control mortars for some samples at the
end of 300 cycles. Especially slag mortars containing 8%
NazSiOs significantly preserve their weight and
compressive strength at the end of the freeze-thaw cycle.
It has been concluded that this study will be a good
reference for researches that will be conducted in this
field.
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