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Abstract: The production of Portland cement of one ton approximately emits 0.98 ton of carbon dioxide (CO2) in the atmosphere, 
which leads to several pollutions. Rice husk ash (RHA) is one of the agro-waste materials which can be utilized for the 
production of geopolymer mortar/concrete using alkaline activator. An alternate concrete material which eliminates the CO2 
emission can be used for the construction recently; rice husk ash (RHA) has become one of the most popular construction 
materials in geopolymer mortar/concrete which can be used in wide range of applications. RHA is rich in silica and alumina 
content/contain high amount of silicon dioxide. In this research RHA has been investigated with ambient and oven curing for 
the geopolymer mortar which was compared with the different morality ratio. The study has been carried out on strength 
enhancement and microstructure analysis has also been carried out using X -ray diffraction (XRD), capillary flow analysis, 
Elevated temperature, acid and sulfate attack etc., The activation of geopolymer mortar using sodium hydroxide (NaOH) 
powder/pellets with density of 2.13 g/cm³ and sodium silicate (Na2SiO3) solution/liquid with density of 2.4 g/cm³. The 
concentration of NaOH in a range of 7M to 10M was found to have similar effects on the strength and ductility. The 
compressive strength of the mortar ranges from 10-50MPa according to NaOH/Na2SiO3 ratio. The results are very excellent in 
comparison with different morality ratio, which promise further research for RHA.  
Keywords: Geopolymer Mortar, Rice husk ash, Ultrasonic pulse velocity, Elevated temperature, Molarity concentration, X-ray 
Diffraction. 
 

I. INTRODUCTION 
Alkali-activated binders are using solid aluminosilicate powders like fly ash or blast furnace slag with alkaline activated solution. 
The reaction will be similar to organic thermo set polymers and such binders are known as “inorganic polymers” or “geopolymers”. 
The waste or by-product from industry like fly ash or blast furnace slag is utilized as the alkali-activated binder for the geopolymer 
mortar/concrete. These materials substituting as alkali-activated binders for the ordinary Portland cement which reduces the carbon 
dioxide emission upto 80% [1]. 
Si/Al and raw material from industry is the main factor which controls the compressive strength of concrete for inorganic polymer 
concrete. In recent years Fly ash (FA) is a by-product from coal-fired electric power stations, one of the emerging materials which 
have the chemical composition (SiO2, Al2O3 and Fe2O3) along with suitable size and shape which can be utilized for the geopolymer 
concrete products. The quality of the FA mainly depends on the source which may be difficult to control the chemical composition. 
High silica material can be blended in order to achieve the suitable chemical composition [2]. 
In the production of rice or paddy from agriculture, an agro-waste material rich husk is removed from farming process. The rich 
husk is burnt in kilns or power plant to generate the heat and the rich husk ash is produced which has the high silica content can be 
utilized for the cement replacement or admixture of cement. It is one of the environmental friendly by-products which can be used 
for sustainable concrete production. Several researches have been conducted on enhancement of compressive strength using RHA 
[3-5]. RHA doesn’t suit directly to geopolymer concrete because it is lack in SiO2/Al2O3 ratio, since it is mixed with another 
alumina-rich material like pozzolanic fly ashes. 
Several factors affect the compressive strength of ash based geopolymer concrete such as particle size, curing temperature & time, 
source of ash and concentration of NaOH etc. From the previous investigation the effects of finer particle size of ash has better 
performance in geopolymer concrete production [6-8]. Many research work was carried out and the high strength geopolymers with 
different fine ashes has been accepted to achieve high compressive strength [2,9-11]. The concentration of high NaOH have 
increased the strength was reported by several research [2,6-8,12] and other showed negative impact of the high concentration of 
NaOH [13,14].  
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The effect of oven curing such as temperature and time still is not clear on compressive strength.  Pan et al. [15] investigated the 
oven curing time upto 96 hours at a temperature of 80⁰C, the results was quite impressive for higher compressive strength using fly 
ash based geopolymer concrete. Rangan and his group worked extensive on the fly ash based geopolymer concrete [16-19]. The 
geopolymer concrete can be manufactured using fly ash combined with sodium silicate pellet/powder and sodium hydroxide 
solution [18]. Optimum geopolymer concrete engineering properties occurred after oven curing at 60⁰C for 24 hours [19]. 
Several research works was carried out on the effects on compressive strength of ash-based geopolymer concrete with same 
parameters [20-22]. There is a variety of factors affects the compressive strength of geopolymer concrete. To overcome the 
discrepancy of such affects a suitable experimental investigation can be helpful to reduce the experimental investigation with 
different parameters. Taguchi have investigated with oven curing time and temperature together to evaluate the effects with different 
NAOH concentration on fine ash-based geopolymer concrete in different three levels of parameters. He investigated nine series of 
experiments for water curing and other with oven curing. From the investigation is concluded that ANOVA method was the 
optimum level for factors affecting the compressive strength. 

II. MATERIALS AND EXPERIMENTAL PROCEDURES 
A. Rice Husk Ash (RHA) 
Rice husk (RH) is an agro-waste which is processed from production of rice about 20% of a dried rice paddy is made upof Rice 
husk ash (RHA)by burning rice husk. RHA is rice husk ash contains large proportion of 80-90% of amorphous silica which 
enhances the strength of concrete. Depending on the burning conduction of RH can achieve amorphous silicate, which may be burnt 
at controlled temperature to yield maximum. Particular sample of RHA collected for the experimental investigation is necessary to 
evaluate the performance and uniformity of deleterious as silt obtaining in RHA for the geopolymer concrete investigation.  

 
Table I 

PHYSICAL PROPERTIES of RHA 
Specific Gravity 2.3 

Humidity 2 % maximum 

Mean particle size 25 microns 

Colour Grey 

Loss on ignition at 800°C 4 % maximum 

 

 
Fig. 1 Rice husk ash 
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Table II 
CHEMICAL COMPOSITION of OPC and RHA 

Compound OPC RHA 

Silicon-di-oxide (SiO2)% 20–21 91.77 

Aluminum oxide (Al2O3)% 5.2–5.7 2.13 

Ferric oxide (Fe2O3)% 4.4–4.9 0.81 
Calcium oxide (CaO)% 60–63 1.28 

Magnesium oxide (MgO)% 0.5–0.7 0.66 

Sulphur-tri-oxide (SO3)% 2.4–2.7 ---- 
Loss on ignition (LOI)% 1.5–2.3 4 

Sodium oxide (Na2O), 
Potassium oxide (K2O) 

---- 1.81 

 

 
Fig. 2 X-ray diffraction spectrum of RHA 

B. Mix Proportions 
The binder used in this research was a mixture of Fly Ash (FA), sand and RHA for the samples in the ratio 1:2. The sodium silicate 
to sodium hydroxide ratios by mass is 2.5 and different concentration of NaOH/Na2SiO3is used as 7M to 10M respectively. The dry 
mix of fly ash, rice husk ash and fine aggregate was kept ready to cast. In order to obtain the workability 5% by mass of geopolymer 
paste (fly ash, NaOH/Na2SiO3) was added to base water. The different molarity solution of NaOH/Na2SiO3 was kept ready for the 
cast of geopolymer mortar. 

C. X –Ray Diffraction(XRD) 
XRD analysis is a rapid analytical technique which is used to find out the primarily phase identification of crystalline materials (e.g. 
minerals, inorganic components) provides information on unit cell dimensions. It collects the data using angle2θfrom 5⁰-70⁰and 
rotation of sample in terms of goniometry. Such textural measurement by the orientation of grains and other polycrystalline 
identified using XRD analysis. 
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D. Ultrasonic Pulse Velocity Test 
UPV testing is one of the non-destructive to identify the strength and quality of concrete, natural rocks. The oscillation frequency is 
in the range of 40 kHz to 50 kHz and it assesses the velocity of ultrasonic pulse passing through the concrete structure or natural bed 
rock formation. Comparatively higher velocity indicates good concrete quality is good in terms of density, uniformity, homogeneity, 
while less velocity may indicate that the concrete has many cracks or voids etc... 
 
E. Compression Test 
The compressive strength of mortar specimens of size 50 x 50 x50 mm cubes cast with geopolymer using different concentration of 
NaOH. The specimens were subjected to two types of curing namely ambient and oven. After 7, 14 and 28 days of curing 
compression test were conducted for each concentration system for which three specimens were cast. The cubes are tested in the 
compression-testing machine (1000kN) capacity at the rate of 140 kN/min of loading. The ultimate load at which the cube fails was 
noted and the test set up is shown in Figure 3. 

 
Fig. 3 Compression test in progress 

Table III 
COMPRESSIVE STRENGTH of GEO-POLYMER & CONTROL MORTAR CUBE 7, 14 & 28 DAYS 

Days 

Compressive Strength (MPa) 

Rice Husk Ask 

Control 7M 8M 9M 10M 

Air Temp Air Temp Air Temp Air Temp 

7Days 9 19 13 21 16 22 17 23 25 

14 Days 19 27 19 28 22 30 23 31 29 

28Days 39 40 40 41 41 43 44 45 38 

III. RESULTS AND DISCUSSION 
A. X-RAY Diffraction (XRD) 
In accordance with Joint Committee on Powder Diffraction Standards (JCPDS) the XRD peaks were identified. XRD patterns of 
OPC control mortar and different concentrated morality of geopolymer mortar are shown in Figure 4. The control system was 
arranged in a high intensity crystal phase ranges from 25⁰-30⁰ to identify the Calcium aluminum silicate hydrate(C-Al-H) 
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(Ca.Al2.Si2O8.4H2O), low high intensity crystal phase range of 29⁰ to identify the calcium silicate (Ca3SiO5)  and calcium hydroxide 
(Ca(OH)2)at 34⁰ peaks were observed. From the Figure 4 it is inferred the high crystal phase of Sodium aluminum silicate hydrate 
(Si7.Al5.O24.Na.7.4 (H2O) 5.2) were gradually increased in the intensity for different molarity concentration.    
 
 

 

 

 

 

 

 

 

 

Fig.4X-ray diffraction patterns 

B. Ultrasonic Pulse Velocity Test 
An Ultrasonic Pulse Velocity Test measurement was performed for H2SO4 and sulfate exposure. From Figure 5 it also confirms that, 
higher velocity reduction observed for H2SO4 and sulfate exposure. The geopolymer mortar has less velocity in H2SO4 and sulfate 
exposure when compared to conventional control mortar. Geopolymer mortar with 10 molarity oven cured has less velocity 
reduction factor and its performance is better when compared to other mortar. 

 
Fig. 5UPV for sulfuric acid 

The compressive strength of oven cured geopolymer mortar is higher than ambient curing geopolymer mortar. Among all the other 
mortar 10 molarity geopolymer mortars has higher compressive strength. The strength increase is due to the Si-O-Si bond formation 
with increase in temperature. 
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Figure 6 Compressive strength of mortar cubes at 28 days curing period 

C. Elevated Temperature Study 
Elevated temperature investigation was carried out for control mortar and geopolymer mortar with different molarity ratio. The 
temperature at which the specimens tested were 2000C, 3000C and 4000C for all the systems and represented in Figure 7 (a) to (c) 
and Figure 8 (a) & (b) shows the different mortar such as (Control cement & Geopolymer).From the investigation the 4000C for 
both control and geopolymer mortar found to be lesser strength, while 2000C and 3000C has showed similar performance. The 
geopolymer performance was high when compared to control mortar. Among all other mortar10M geopolymer mortar (both 
ambient and oven cured specimens) was found to have better performance. 

 
Fig.7a Compressive strength for 2000c 
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Fig.7b Compressive strength for 3000C 

 

 
Fig.7c Compressive strength for 4000C 

 
 
 
 
 
 
 
 
 
 
 
  
 
 
 

Fig. 8a Visual observation of control specimen 
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Fig. 8b Visual observation of geopolymer specimen 

IV. CONCLUSIONS 
From the above investigations conclusion was drawn that 10M geopolymer mortar was found to be better among all other systems 
and the following broad conclusions were drawn. 

A. Compressive strength test results indicated that, all the geopolymer mortars have shown better performance than the control 
system. 

B. Geopolymer mortar with 10M oven cured has better performance and less velocity reduction factor. Among all other mortar 
10M geopolymer mortar (both ambient and oven cured specimens) was found to have performed better. 

C. Elevated temperature of 4000C for both control and geopolymer mortar found to have lesser strength. The geopolymer mortar 
with 3000C has more resistance to temperature. 

D. The geopolymer mortar 10M has higher compressive strength due to the Si-O-Si bond formation with increase in temperature. 
E. X-ray diffraction investigations revealed that, geopolymer mortars have shown additional formation of peaks responsible for 

the polymerization reaction. 
F. It is inferred that high crystal phase of Sodium aluminum silicate hydrate (Si7.Al5.O24.Na.7.4 (H2O) 5.2)gradually increases 

the intensity for different molarity concentration. 
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