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Abstract 
This research aimed to study the effect of asphalt emulsion (AE) on the properties of fly ash based 

geopolymers. Solid waste materials used for the production of geopolymer were coal fly ash (FA) 
70 wt% and bagasse ash (BA) 30 wt%. Alkaline solution used for the geopolymerization reaction 
was the mixture of 10 M NaOH and Na2SiO3 with the ratio of 1:2. The liquid and solid (L/S) ratios of 
0.6, 0.7 and 0.8 were prepared. The AE of 1 wt%, 3 wt% and 5 wt% were added into the raw materials 
mixtures. Then, the mixed slurry was casted into a mold for the further tests. The setting time was 
determined using VICAT. After ageing of 7 day, 14 day, and 28 day, the compressive strength and 
modulus of rupture (MOR) samples were measured. The results of the study revealed that the sample 
with the L/S ratio of 0.7 had the best mechanical properties. The additional of AE up to 3 wt% led to 
an improvement of mechanical properties where the 1 wt% of AE gave the highest compressive 
strength, Young’s modulus and MOR. Bulk density and %water absorption, were determined. Phase 
structures, chemical structures and microstructures were observed using XRD, FTIR and SEM 
techniques, respectively. 

1.  Introduction 
 
        The industrial and agricultural wastes have been a huge 

environmental issue around the world. They normally need proper 
elimination methods which could be costly. The alternative and creative 
methods for utilizing these wastes should be paid attention to. The 
enormous research works have been carried out to find the way to 
utilize these solid wastes. The wastes such as coal fly ash, aluminium 
dross, sewage sludge, blast furnace slag and sugar cane bagasse ash, 
are mostly composed of several oxides such as SiO2, Al2O3 and CaO, 
providing the suitable aluminosilicate source that can be used in many 
applications. One of the attractive applications of these solid wastes 
is being used as raw materials for geopolymer production. Geopolymers 
have been interested by many researchers as a cement replacement 
material. Since the cement production emits huge amount of carbon 
dioxide directly to the atmosphere causing global warming and climate 
change, the sustainable alternatives such as geopolymers have been 
interested [1]. Geopolymer is an inorganic polymer with an amorphous 
structure made of sialate (silico-oxo-aluminate) chained structures, 
so called polysialate [2]. It can be produced by the geopolymerization 
reaction of pozzolanic materials (silica and alumina containing materials) 
and alkaline solution, such as sodium hydroxide solution and sodium 
silicate solution [3-5]. Thus, many solid waste materials can be used 
as the aluminosilicate sources for the geopolymer production and 
enhance the mechanical and physical properties of geopolymers.  

In Mae Moh, Lampang, Thailand, the coal power plant are run 
for electricity generation [6]. About 40,000 tons of lignite are used 
per day. Coal combustion takes placed at elevated temperature and 

produce about 10,000 tons of lignite ash per day, of which about 
6,000 tons are small particles, so called “fly ash”. Coal fly ash is not 
a toxic waste according to standard of the Pollution Control Department, 
Thailand. As it can be used in many applications, the utilization of 
fly ash is value added and encouraged by the Electricity Generating 
Authority of Thailand (EGAT).  Fly ash contains high amount of silica, 
alumina, iron oxide and calcium oxide, so it can be used in the cement 
production. In addition, it was reported by Tao Bai, et al. that fly ash 
could be used as a raw material for geopolymer mortar which was used 
as a grouting material in porous asphalt concrete [7]. The results 
showed that the high liquid/solid ratio of the geopolymer mixture 
lowered the strength of the material.   

In Thailand, there are other wastes that could be good sources of 
silica such as sugarcane bagasse ash (BA), rice husk ash and other 
biomass ashes, which are the by-products from the bio mass power 
plants. Sugarcane is one of the major economic crops for sugar 
industry in Thailand. Sugarcane bagasse (the by-product from Sugar 
milling industry) can be used as a fuel source for sugar mills themselves 
or for the bio mass power plant. BA is a residue waste from the burning 
process. Due to its high silica content, it can also be used as a pozzolanic 
material for concrete production [8]. P. Chindaprasirt et al. reported 
that the use of sugarcane bagasse ash in the production of pavement 
concrete gave rise to the higher compressive strength [9]. Due to 
the high silica content, BA could also be used as a raw material for 
geopolymer.   

In general, geopolymer has high strength but it is quite rigid and 
brittle. The use of high elasticity material such as asphalt emulsion 
incorporating in the geopolymer mixture could offer the higher flexural 

https://www.sciencedirect.com/science/article/pii/S0950061824014363
https://www.sciencedirect.com/science/article/abs/pii/S095006182301379X
https://materialsroom.com/2021/06/24/fly-ash-concrete/
https://www.sciencedirect.com/science/article/abs/pii/S0950061822008352
https://www.thailandtechshow.com/view_techno.php?id=190
https://www.sciencedirect.com/science/article/pii/S2214785319315445
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strength. The asphalt emulsion consists of 3 major components which 
are asphalt, water and emulsifier. These three components are introduced 
into a colloid mill, where the asphalt is sheared into small droplets and 
kept in a stable suspension by the emulsifier. 

The asphalt emulsion can be used without additional heat. The 
water gradually evaporates from the asphalt emulsion leaving the 
asphalt film sealing the applied surface [10]. Thus, the asphalt emulsion 
is very convenient for the application of road surface maintenance as 
it can be use at the room temperature and improves the water resistance 
and surface adhesion. There are many studies that have been conducted 
on asphalt emulsion modified concrete. Recently, the use of asphalt 
emulsion in concrete work was reported by Hongfei Zhang et al. [11]. 
The asphalt emulsion of 0, 5, 10, 15 and 20 wt% modified concrete 
were prepared and tested. The 5 wt% of asphalt emulsion modified 
concrete had the highest compressive strength. In addition, the 10 wt% 
of asphalt emulsion modified concrete had the better sulphate corrosion 
resistance and chloride penetration resistance. H. A. Umar et al. reported 
that AE could improve durability of concrete by reducing permeability 
through a pore-filling effect and enhance damping performance, with 
a 30.6% increase in damping ratio at 20% AE. However, AE reduces 
compressive and tensile strength while slightly increasing flexural 
strength [12]. Only few researchers studied on the asphalt emulsion 
modified geopolymer materials using geopolymer as the main ingredient. 
Since the asphalt emulsion contains water, so it is not as strong as 
asphalt that requires heat for melting during road work.  Most of the 
research works are on the addition of geopolymers to improve the 
mechanical properties of asphalt emulsion, but there are only few 
works used asphalt emulsion to modify geopolymers. Yang Gao et al. 
has reported that the addition of 10 wt%, 20 wt%, and 30 wt% of 
geopolymer mixture into the asphalt emulsion resulted in the faster 
setting time than the cement mixed asphalt emulsion [13]. This result 
showed that the interaction between geopolymer and asphalt emulsion 
was stronger than between cement and asphalt emulsion. Y. Pang et al. 
[14] studied the rheological and mechanical properties of asphalt 
emulsion modified metakaolin based geopolymer. The results showed 
that the flexural strength could be improved by the additional of asphalt 
emulsion up to 8 wt%. The fluidity of geopolymer increased slightly 
by adding asphalt emulsion.   

This research work aims to study the effect of asphalt emulsion 
on the properties of fly ash and bagasse ash based geopolymers. The 
mechanical properties were obtained and compared to the Thai 
industrial standard (TIS 213-2520) [15]. The phase structure, chemical 
structure and microstructure were investigated using XRD, FTIR and 
SEM techniques, respectively. 

 
2.  Experimental 
 
2.1  Materials 
 
2.1.1  Solid raw materials 

 
In this work, the solid raw materials used in the fabrication of 

geopolymers were coal fly ash (FA) from Mae Moh power plant 
(Lampang, Thailand) and sugarcane bagasse ash (BA) from Biomass 
power plant (Mitr phol bio power Supanburee, Thailand). The chemical 
compositions of FA and BA were obtained by X-ray fluorescence 

(XRF) as shown in Table 1. The main compositions of FA are SiO2 
(26.75%), CaO (21.59%), Al2O3 (15.2%) and Fe2O3 (14.45%). BA 
contains quite high SiO2 (57.69%) and CaO (11.86%). The X-ray 
diffraction (XRD) was used to identify the phase structures of FA and 
BA as shown in Figure 1-2. The XRD patterns of FA and BA reveal 
that the main phases of FA are quartz quartz (SiO2, JCPDS No. 
46-1045), hydrated lime (Ca(OH)2, JCPDS No. 72-0156), hematite 
(Fe2O3, JCPDS No. 01-1030) and mullite (3Al2O3.2SiO2, JCPDS 
No. 15-0776), whereas the major phases of BA are quartz (SiO2, 
JCPDS No. 46-1045) and calcite (CaCO3, JCPDS No. 89-5969). 

 

    

Figure 1. XRD pattern of fly ash.  
 

 

Figure 2. XRD pattern of bagasse ash.  
 
Table 1. Chemical composition expressed in oxides (wt%) of the fly ash and 
bagasse ash determined by XRF technique.  
 
Composition Fly ash  

[wt%] 
Bagasse ash  
[wt%] 

SiO2 26.75 57.69 
CaO 21.59 11.86 
Al2O3 15.20 3.57 
Fe2O3 14.45 2.26 
SO3 6.01 0.82 
MgO 2.09 2.86 
K2O 1.91 3.63 
Na2O 1.73 0.25 
P2O5 0.31 2.19 
BaO 0.19 0.11 
Mn2O3 0.14 0.23 
SrO 0.13 - 
TiO2 - 0.22 
Total 90.50 85.69 
Loss on ignition 9.50 14.31 

https://www.tipcoasphalt.com/products-services/asphalt-emulsion/
https://www.sciencedirect.com/science/article/pii/S0950061821010825
https://www.sciencedirect.com/science/article/abs/pii/S0950061823011571
https://www.sciencedirect.com/science/article/abs/pii/S0950061821027458
https://www.cpacacademy.com/download/cpacacademy_com/e-contech%20u9.pdf
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2.1.2  Alkali-activating solution 
 

The alkaline solution used for the geopolymerization reaction 
was a mixture of sodium hydroxide (10 M NaOH) and sodium silicate 
(Na2SiO3). From preliminary experiments, it was found that the 
appropriate ratio of NaOH:Na2SiO3 was 1:2 by weight which gave the 
good flowability of the mixtures for the casting process. After mixing, 
the mixed NaOH and Na2SiO3 solution was left at room temperature 
in a sealed container for 24 h prior mixing with the solid raw materials. 
 
2.1.3  Asphalt emulsion (AE) 
 

Asphalt emulsion (Cationic slow setting, CSS-1H type) from Asian 
Asphalt company limited (Chiang Mai, Thailand) was used as an additive 
for modifying the geopolymer. In this study, the AE is a water-based 
asphalt that used water and emulsion without other solvents. The AE 
is slowly harder after exposing to the air. 

 
2.2  Sample preparation of asphalt emulsion modified 
geopolymers 

 
The preparation method for asphalt emulsion modified geopolymer 

was shown in Figure 3.  The solid raw materials of FA and BA were 
weighted and mixed according to the FA/BA ratios of 60:40, 70:30 
and 80:20 by weight, and were then mixed together with the alkaline 
solution. Liquid to solid (L/S) ratios were 0.6, 0.7 and 0.80 by weight. 
The mixtures were casted into a silicone mold (25 mm × 25 mm × 
25 mm) for the setting time test (VICAT) and compressive test. The 
condition with suitable setting time (enough time for casting process) 
and optimum compressive strength was chosen for the further study. 
The effects of AE on the properties of geopolymer were studied. 
The 70 wt% FA and 30 wt% BA powders were mixed with the alkaline 
solution (L/S ratio of 0.7). Then, the asphalt emulsion of 1 wt%, 3 wt%, 
and 5 wt% were added into the geopolymer mixtures immediately. 
After stirring for 3 min, the well mixed slurry was casted into a silicone 
mold with the size of 25 mm × 25 mm × 25 mm for compressive test 
and 25 mm × 25 mm × 140 mm  for MOR test. The mixtures were left 
to set at the room temperature. The set of samples were cured at room 
temperature for 7 day, 14 day, and 28 day, and were then used for the 
further characterizations (bulk density, water absorption, XRD, FTIR, 
and SEM) in order to find the best condition to produce AE modified 
geopolymers with high compressive strength and high MOR. 
 
2.3  Sample characterization 

 
The physical properties; bulk density and % water absorption 

of both FA and BA based (non-AE modified) geopolymers and AE 
modified geopolymers were determined according to the formula (1-2). 

 

Bulk density = M
V

  (1) 
 
 where   M is the weight of sample (g) 
  V is the volume of sample (cm3) 
 

Water absorption (%) = �WW – WD

WD
� × 100  (2) 

 
 where  WW is the wet weight of sample (g) 
  WD is the dry weight of sample (g) 

 

Figure 3. Production process of asphalt emulsion modified geopolymers.  
 
The mechanical properties, including compressive strength, 

Young’s modulus (E) and modulus of rupture (MOR) of the samples 
cured at 7 day, 14 day, and 28 day were obtained using Universal 
Testing Machine, Tinius Olsen H50KT with the loading speed of 
5 mm∙min‒1. The compressive strength of the samples with the size 
of 2.5 mm × 2.5 mm × 2.5 mm was calculated via the formula (3). 

 

Compressive strength  =  F
A
  (3) 

 
where F is applied compressive force (N) 
            A is original cross-sectional area of sample (m2) 
 
Young’s modulus (E) is a measure of the stiffness of the sample, 

determining from the linear elastic region of the stress-strain curve, 
defined as (4). 

 
E  = σ

ε
  (4) 

 
where  σ  is stress (Pa) 
           ε   is strain 
 
Modulus of rapture (MOR) of the samples with the size of 25 mm 

× 25 mm × 140 mm was determined via three point bending method 
and calculated via the formula (5). The supporting span length (L) for 
this measurement was fixed at 100 mm. 

 

 
 

MOR = 3FL
2bd2  (5)      

 

where  F is applied force (N) 
           L is supporting span length (m) 
           b is the width of sample (m) 
     d is thickness of sample (m) 

Fly ash : Bagasse ash  
80:20, 70:30, and 60:40 

NaOH (10 M) : Na2SiO3  
1:2 

Add asphalt emulsion 
1 wt%, 3 wt%, and 5 wt% 

Liquid : Solid ratio (by weight)   
0.6, 0.7, and 0.8 

Casting into a mold 
25 mm × 25 mm × 25 mm 

Mixing and stirring 
for 3 min 

AE modified geopolymers 

Curing  
for 7 day, 14 day, and 28 day 
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Phase structures of non-AE and 1% AE modified geopolymer 
samples cured for 28 day were analyzed by the X-ray diffractometer 
(Bruker/D2 PHASER) from 2θ of 5° to 80° with the time per step 
of 0.2 s. The Fourier Transform Infrared spectrometer (SHIMADZU 
IR Spirit, QATR-S) was employed to observe the chemical structure 
of the samples after curing for 28 day (non-AE, 1 wt%, 3 wt%, and 
5 wt% AE modified geopolymers). All FTIR spectra were recorded 
between the wavenumber of 400 cm‒1 and 4000 cm‒1.  In addition, 
the microstructural features of non-AE, 1 wt%, 3 wt%, and 5 wt% AE 
modified geopolymers were investigated using Scanning Electron 
Microscopy (JEOL JSM-7800F).  

 
3. Results and discussion 

 
3.1 The effect of FA:BA contents and L/S ratios on the 
setting time and compressive strength of geopolymers 

 
Figure 4 shows the setting time of geopolymer samples with FA:BA 

contents of 60:40, 70:30 and 80:20 and L/S ratios of 0.6, 0.7, 0.8. 
The increase of L/S results in the faster setting time of the geopolymers. 
The sample with the FA:BA content of 60: 40 and L/S ratio of 0.6 
was unable to measure its setting time and compressive strength as 
the strong reaction occurred and the mixture set too fast (unable to 
cast into a mold). The results shows that the setting time increases with 
the higher L/S ratios. The samples with FA:BA content of 70:30 and 
60:40 and L/S ratio of 0.8 took the longest setting time (about 23 min). 
These results agree with the previous research works of N. Toobpeng 
et al. [16] and T. Bualuang et al. [17] 

   The compressive strengths of the samples with FA:BA contents 
of 60:40, 70:30 and 80:20 by weight and L/S ratios of 0.6, 0.7, 0.8 by 
weight are shown in Figure 5. It was found that the sample with FA:BA 
content of 70:30 and L/S ratio of 0.6 had the highest compressive 
strength of 9.07 MPa. However, the setting rate of the sample with L/S 
ratio of 0.6 was only 13 min, so its castability was poor (the mixture 
become hard before finishing the casting process). For the samples 
with FA:BA content of 60:40 both with L/S ratios of 0.7 and 0.8, 
their compressive strength was slightly higher than other samples, 
but they set before finishing the casting process, thus it was difficult 
for casting process. Consequently, the FA:BA content of 70:30 and 
the L/S ratios of 0.7 and 0.8 were chosen for the further studies of the 
AE modified geopolymers because the strength of these specimens 
was higher than the specimens with the FA:BA content of 80:20 and 
L/S ratios of 0.7 and 0.8. In addition, they had a suitable setting time 
of 19 min which was enough time for casting process. 

 
3.2 The effect of AE on the properties of FA and BA based 
geopolymers 
 
3.2.1  Setting time 

 
The chosen composition of FA and BA based geopolymers used 

in this study were FA:BA content of 70:30 with L/S ratios of 0.7 
and 0.8 by weight. The 1 wt%, 3 wt% and 5 wt% of AE added into 
the geopolymer mixtures affected the setting time of geopolymers 
as shown in Figure 6. The addition of 1 wt% of AE slightly reduced 
the setting time as the addition of AE, which consists of water, caused 

the higher water content in the mixture. The further increase of AE 
contents (3 wt% and 5 wt%) markedly slowed down the setting time 
of the geopolymer samples. This higher amount of AE could cause 
the separation of the particles of raw materials, resulting in a slower 
reaction. The 5 wt% AE caused the slowest setting time of 40 min 
for sample with L:S = 0.7 and 60 min for the sample with L:S = 0.8. 
 

 
Figure 4. Setting time of geopolymer samples. 

 

   
   Figure 5. Compressive strength of geopolymer. 
 

       
Figure 6. The setting time of AE modified geopolymers. 

      

       

Figure 7. Bulk density of AE modified geopolymers. 

https://www.sciencedirect.com/science/article/abs/pii/S0950061824001764
https://www.sciencedirect.com/science/article/pii/S2666691X21000506
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Figure 8. Water absorption (%) of AE modified geopolymers. 

 
3.2.2  Bulk density and water absorption 

 
The bulk density and % water absorption of the non-AE and AE 
modified geopolymer samples are shown in Figure 7-8. The L/S ratios 
and the addition of AE did not affect much on the bulk density. 
All the samples had the density between 1.63 g∙cm‒1 to 1.76 g∙cm‒1. 
For the non-AE modified geopolymer samples, the water absorption 
of sample with L/S of 0.8 was slightly lower than that of the one with 
L/S of 0.7 by weight. The addition of AE up to 1 wt% caused the 
reduction of water absorption dramatically. The 3 wt% of AE resulted 
in the low water absorption as well. However, the further increase of 
AE up to 5 wt% gave rises to the higher water absorption. The results 
indicated that the small amount of AE (1 wt% and 3 wt%) could be well 
penetrated though the pores in the geo-polymer samples resulted in 
the lower porosity and lower water absorption  
 
3.2.3 Mechanical properties 

 
Compressive strength and modulus of rupture (MOR) of the geo-

polymer samples both with and without AE cured at room temperature 
for 7 day, 14 day, and 28 day were determined using a Universal testing 
machine. The results shown in Figure 9 indicated that the longer curing 
time give rise to the higher strength. In addition, it was found that AE 
could increase the compressive strength and MOR of geopolymer 
samples as the AE could penetrated through the pores in the sample 
giving the denser and less porosity samples as shown in previous results 
(Figure 7-8). The highest strength (14.38 MPa) was obtained in the 1% 
AE modified geopolymer sample whereas the further increase of AE 
(3% and 5%) shows the reduction of strength. This suggests that the 
limited amount of AE could be incorporated into the mixture of 
geopolymer. The exceed amount of AE could cover around the particle 
of raw materials during the reaction and delay the reaction, and thus 
lower strength was obtained in these samples. This agrees with the 
work reported by Thanon Bualuang et al. [17] In addition, Figure 10 
shows that the Young’s modulus (E) of the samples (L/S = 0.7) decreases 
as an increase of AE content indicating that AE could increase the strain 
and reduce the stiffness of the samples.   

From the MOR measurements (Figure 11) of the asphalt emulsion 
modified geopolymers cured for 7 day, 14 day, and 28 day, the addition 
of asphalt emulsion results in a decrease of MOR. All the samples with 
L/S ratio of 0.7 show the higher MOR comparing to the samples with 
L/S ratio of 0.8. The longer curing time yielded the higher MOR where 
the non-asphalt emulsion modified geopolymer gave the highest MOR 
of 2.48 MPa.  

3.2.4  X-ray diffraction 
 
The XRD patterns shown in Figure 12 reveals the phase structures 

of the non-AE and 1 wt% AE modified geopolymers. The broad peak at 
2θ of 20° to 35° indicates the formation of an amorphous structure during 
the geopolymerization reaction. This confirms the geopolymerization 
reaction of raw materials. However, there are some crystalline phases 
that belong to the unreacted raw materials presented in the XRD patterns 
of both samples, for example, quartz and calcite phases.   

 

       
Figure 9. Compressive strength of geopolymer mixed with asphalt emulsion. 

 

      
Figure 10. Young’s modulus of geopolymer mixed with asphalt emulsion. 

 

           

Figure 11. Modulus of rupture of geopolymer mixed with asphalt emulsion. 
 

               

Figure 12. XRD patterns of non-AE and 1 wt% AE geopolymers.  

https://www.sciencedirect.com/science/article/pii/S2666691X21000506
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Figure 13. FTIR spectra of geopolymer and geopolymer mixed with asphalt 
1 wt%, 3 wt%, and 5 wt% compared with raw materials. 

 

 
Figure 14. SEM of non-AE and AE modified geopolymer samples. (a) non-
AE, (b) 1 wt% AE, (c) 3 wt% AE, and (d) 5 wt% AE. 

 
3.2.5  Fourier transform infrared spectroscopy 

 
Fourier transform infrared (FTIR) spectra of the raw materials and 

geopolymers with AE and without AE are given in Figure 13. In AE 
modified geopolymer, transmittance at 3450 cm‒1 and 1650 cm‒1 
can be attributed to (H-O-H) asymmetric stretching due to water and 
silanol groups. Broad peak centered around 1020 cm‒1 is assigned to 
Si-O-T (T= Si or Al) vibrations in fly ash and geopolymers. Si-O-T bonding 
vibration provides valuable information about geopolymerization. 
In solid raw materials, the asymmetric stretching vibration of Si-O-Si 
of FA and BA appeared at 1097 cm‒1 and 1023 cm‒1, respectively. This 
Si-O-Si band shifted to the lower wave numbers of 984 cm‒1 for non-AE 
modified geopolymer sample indicating the development of amorphous 
silicon aluminate gels [18]. This new peak formation can be explained 
on transformation of Si-O-Si bonds of amorphous silica into Si-O-Al 
bonds of poly sialate. This similar to the work reported by Temuujin et al. 
[19] where the Si-O-T peak at 1100 cm‒1 in fly ash was disappeared 

and a new peak at 965 cm‒1 appeared due to geopolymerization. The 
addition of 1 wt%, 3 wt% and 5 wt% of AE into the geopolymers caused 
the band shifting to the lower wave number of 950 cm‒1. A shoulder 
at 1100 cm‒1 in geopolymer samples is due to presence of quartz. All 
geopolymer samples have nearly similar spectra with a minor variation 
in broadening of peak. Ailar et al. [19] used in situ ATR-FTIR for early 
stages study of geopolymer. Si-O-T transmission peak of fly ash at 
1050 cm‒1 was found to transform into a new peak at 960 cm‒1 due to 
Si-O-Al bonds formation. In lower silicates the peak position is centred 
around 990 cm‒1 [20]. 

 
3.2.6  Microstructure 

 
SEM images of the fracture surface of geopolymer samples with 

1 wt%, 3 wt%, and 5 wt% AE and without AE are shown in Figure 14. 
In all samples, there are some remain raw materials, such as, fly ash 
particles (spherical particles) and bagasse ash (large wooden look 
particles). There is no obvious segregation phase of asphalt emulsion 
that added to geopolymer, so the AE could be homogeneously blended 
into a mixture of the geopolymer. This is consistent with the FTIR 
results in section 3.6, which did not show any peaks of the asphalt 
emulsion in the 1 wt%AE modified geopolymer. 

 
4. Conclusions 

 
• The appropriate composition of FA and BA based geopolymer 

is the ratio of FA:BA at 70:30 with the L/S ratio of 0.7. This composition 
has a setting time of 19 min, allowing enough time to mix all raw 
materials before casting into a mold. The compressive strength 
achieved was 5.34 MPa. 

• The 1 wt% AE enhanced the compressive strength of the 
geopolymer sample curing for 28 day, while the non-AE modified 
geopolymer sample yielded the highest modulus of rupture of 2.48 
MPa. The addition of 1 wt% AE in geopolymer also resulted in lowest 
water absorption of 0.12%. This demonstrates that adding asphalt 
emulsion to the geopolymer product leads to the raw materials 
bonding into an amorphous structure, significantly enhancing the 
strength of the product. 
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