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1 Introduction
Geopolymer is an alternative class of cementitious materials. It can be produced by mixing

aluminosilicate materials, such as metakaolin and fly ash, with alkaline solutions. While the
geopolymer can be formed into a variety of shapes and sizes in the fresh state, it can withstand the

applied load after hardening similar to Portland cement-based materials. Compared to Portland
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cement, the geopolymer possesses many unique properties, such as low creep, low shrinkage, and is
superior to acid attack. In addition, geopolymers show high strength at early ages after heat curing
(Diaz-Loya et al., 2011; Park et al., 2016).

Waste rubber tires arising from the rapid revolution in cars and the transportation industry
are a relevant concern in the pollution of the environment (Sharaky et al., 2020). The waste is a
long-lasting material and non-biodegradable. The waste rubber ties are required appropriate
management since landfilling and fuel combustion create serious environmental problems due to
the leaching of toxic and harmful elements (Bala and Gupta, 2021). Recycling waste tires is one of
the most effective ways to reduce the huge amounts of this waste.

The objective of this study was to evaluate the performance of geopolymer mortar made
from a waste tire. The crumb rubber was used to replace 10%, 20% and 30% of the natural river sand
by volume. The workability, unit weight, compressive strength, and water absorption of
geopolymer mortars were investigated. The results were compared with the specimen containing
100% natural river sand. In addition, interlocking paving block specimens were cast to evaluate the

feasibility of the paving block made with the waste tire.
2 Literature Review

2.1 Geopolymer

Geopolymer is produced by a reaction of solid aluminosilicate materials and alkaline
activators. Fly ash is one of the most commonly used for making geopolymers since it is the most
readily available aluminosilicate material; in addition, it is rich in silica and alumina required for
geopolymerization processes. Compositions of alkaline activators also have a significant influence
on the properties of geopolymers. The sodium hydroxide concentration of 10 M was recommended
for the leaching of silica and alumina from fly ash particles (Hwang and Huynh, 2015). Previous
studies indicated that the optimum sodium silicate-to-sodium hydroxide ratio of 1 gave the best
performance in terms of strength (Adam and Horianto, 2014; Nuaklong et al., 2021a). The rate of
strength gain can be accelerated by using heat curing, usually in the range of 60-100 °C (Jindal,
2019; Kong and Sanjayan, 2010).

2.2 Utilization of Waste Tire in Cementitious Materials
Many studies are available in the literature related to cementitious materials made with the

waste tire. In general, the crumb rubber was used as a sand replacement to reduce the depletion of
natural resources. Benazzouk et al. (2003) studied the properties of Portland cement composites
made by using crumb rubber as aggregates. They found that the compressive strength was
decreased, especially when the sand was replaced with the rubber at 50% by volume. However, a
slight reduction in compressive strength was observed for the replacement level of 10%
(Abdelmonem et al., 2019). Mohsin and Fahad (2015) found that cement composites containing
crumb rubber have excellent insulation properties. Also, long hollow blocks and bricks can be made

by using crumb rubber (Sodupe-Ortega et al., 2016). Despite extensive research on the use of waste

http://TuEngr.com Page | 2



tires for making either mortar or concrete, the properties of geopolymer mortars made from waste
tires have been reported by a few authors.

3 Method
3.1 Materials

High calcium fly ash with a specific gravity of 2.4 was used for preparing geopolymer mortar.
Alkaline activators used in the investigation were 10 M of sodium hydroxide and sodium silicate
solutions. The sodium silicate was a commercially available solution with chemical compositions of
34.0% SiO,, 15.8% Na,0, and 50.2% H;0. Fine aggregates used for making the mortar were river
sand and crumb rubber tires (see Figure 1). While the specific gravity and fineness modulus of the
river sand were 2.61 and 3.03, the corresponding values for the waste tire were 0.65 and 2.73,

respectively. Their gradations were determined according to ASTM C136 (ASTM, 2019). The results
are shown in Figure 2.

Figure 1: Aggregates used in the investigation: (a) river sand; and (b) crumb rubber ties
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Figure 2: Gradation of aggregates

3.2 Mixing and Casting

Table 1 shows mortar mix proportions. The sand-to-fly ash ratio used for the control mixture
(CON) was kept constant at 2.75 by weight. The letter “R” indicates that the crumb rubber was
added to geopolymer mortar. The final label numbers represent the content of the rubber (% by
volume) in the mixtures. First, the fly ash was added to the sodium hydroxide solution and mixed

for 3 min. Second, river sand and the waste tire were mixed for 3 min. The sodium silicate was
added and mixed for 3 min in the last step.
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Table 1: Mix proportions of geopolymer mortars (g).

Mixes | Fly ash | Sodium hydroxide | Sodiumsilicate | River | Crumb
sand | rubber

CON 100 30 30 275 -

R-10 100 30 30 2475 | 6.75
R-20 100 30 30 220 135
R-30 100 30 30 192.4 | 20.2

After mixing, the fresh mortar was poured into molds. The specimens were left at room
temperature for 1 h and then wrapped with plastic sheets. After that, the mortar specimens were
put in an oven for heat curing. Based on previous research (Nuaklong et al., 2021b), the curing
temperature and curing time used in this investigation were 80 °C and 24 h, respectively. Hardened

properties of geopolymer mortars were tested at the age of 7 days.

3.3 Experimental Details
Slump flow of geopolymer mortars was done in accordance with ASTM C1611 (ASTM, 2018).

Three 50x50x50 mm3 cube specimens were cast to determine their strength. Also, the three
100x100x100 mm? cubes were prepared for evaluating the water absorption of mortars. While the
compressive strength was determined according to ASTM C109 (ASTM, 2016), the water absorption
was done by using ASTM C642 (ASTM, 2013). In addition, the paving block specimens were cast to

determine the compressive strength. Dimensions of the paving blocks are shown in Figure 3.

Figure 3: Interlocking paving block uéed in the investigation

4 Result and Discussion

4.1 Slump Flow

Slump flow values of geopolymer mortars are shown in Figure 4. The values were 68.3, 64.8,
62.8, and 61.4 cm for CON, R-10, R-20 and R-30 mixtures, respectively. It can be seen that the
slump flow was decreased when the crumb rubber was added. The lowest value was obtained for the
mixture made from 30% crumb rubber. The observed result is consistent with previous findings
regarding the inclusion of the waste rubber in Portland cement-based cementitious materials
(Alsaif et al., 2018; Moustafa and ElGawady, 2015). Pham et al. (2021) suggested that the reason for
this is the rough surface of the crumb rubber.
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Figure 4: Slump flow values of geopolymer mortars

4.2 Unit Weight
Unit weight values of all 4 different mortar mixtures are presented in Figure 5. The values for

CON, R-10, R-20 and R-30 were 2101, 2008, 1915 and 1793 kg/m3, respectively. As compared with
the CON specimen, the unit weight of mortar mixtures was reduced by around 4%-26% when the
crumb rubber replacement ratio changed from 0% to 30%. This is in line with previous studies
found in the literature (AbdelAleem et al., 2018; Aslani et al., 2018), which reported that
incorporating crumb rubber reduced the unit weight of Portland cement concrete compared to the
inclusion of 100% river sand. The main reason for this behavior lies in the fact that the density of

the crumb rubber was much lower than that of the natural river sand.
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Figure 5: Unit weight values of geopolymer mortars

4.3 Compressive Strength
As shown in Figure 6, the compressive strength of geopolymer mortars varied in the range

13.7-58.7 MPa. It can be seen from Figure 6 that the compressive strength of geopolymer mortar at

the age of 7 days decreased as the crumb rubber substitution rate increased. Among the three
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specimens made with crumb rubber, the R-30 specimen has the lowest compressive strength value
of 13.7 MPa. This can be attributed to: (1) the difference in the strain capacity of crumb rubber and
other ingredients was high (Ameri et al., 2020); (2) the weak adhesion between the paste and crumb
rubber (Lv et al., 2015; Youssf et al., 2017); and (3) the entrapped air was increased when the crumb

rubber was included in the mix (Pham et al., 2019).
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Figure 6: Compressive strength values of cubic geopolymer mortars

4.4 Water Absorption
The water absorption values of geopolymer mortars measured at the age of 7 days are

demonstrated in Figure 7. The results showed that the geopolymer mortar with higher waste rubber
replacement ratios showed higher water absorption capacity. For example, the water absorption of
R-30 mixture was 9.2%, which was 2.3% higher than that of the control mixture (CON). Similar
trend was also observed by Dong et al. (2021) and Munoz-Sanchez et al. (2017). This was attributed
to the agglomeration of crumb rubber aggregate, leading to the increased porosity and microcracks

inside the specimen.
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Figure 7: Water absorption capacity of geopolymer mortars
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4.5 Strength of Interlocking Paving Blocks
Figure 8 presents the 7-day compressive strengths of the paving blocks. Like cubic

specimens, the compressive strength of paving block specimens was reduced when the crumb
rubber was added. The compressive strength of paving block specimens containing 10%, 20%, and
30% crumb rubber was 19%, 56%, and 68% lower than that of the specimen made with only river
sand (CON). However, it has been confirmed from the results that the R-10 mixtures achieved the
required compressive strength for paving blocks. Its compressive strength was higher than 55 MPa,

which is required per ASTM C936 (ASTM, 2021) specification for interlocking paving units.
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Figure 8: Compressive strength of interlocking paving blocks at the age of 7 days
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It was noticed that the testing of compressive strength based on paving block specimen was
found to give higher strength than the same mixture tested on the 5-cm standard cube. The reason
for this is a reduction in the slenderness ratio. In other words, the available load-carrying area of
the paving block specimen is much higher than that of the cubic specimen, while the height is very
similar (see Figure 3). This indicates that the effect of change in geometry of specimen on the
strength plays an important role in determining the compressive strength of cementitious
materials.

5 Conclusion

In this study, the effect of crumb rubber on the properties of geopolymer mortar was
investigated to encourage more application of the waste for construction material. The results
showed that the workability of high calcium fly ash geopolymer mortars made with crumb rubber
was lower than that of the mortar containing only river sand. The 7-day compressive strength of
the mortar specimen was decreased when the crumb rubber was added. The maximum reduction in
the strength occurred at 30% crumb rubber replacement for natural river sand. The water
absorption of geopolymer mortar increased with increasing crumb rubber content. However, it

should be noted that the paving block geopolymer mortar made with 10% crumb rubber can be used
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for interlocking paving blocks based on the ASTM specification. It showed the 7-day compressive
strength of 85.0 MPa.

6 Availability of Data and Material

Data can be made available by contacting the corresponding authors.
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