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Objectives and Experiments Conducted, by location, to Accomplish 

Objectives: 

Project Objectives: The goal of this research project was to investigate the impact of rice straw 

ash (RSA) addition on alkali activated slag (AAS) properties. This study aims to improve 

properties of AAS systems by using RSA. This was a two-year research plan during which the 

following experiments were conducted. 

Experimental procedures completed: All the following experiments were conducted at CSU-

Chico campus.  

1- Production of Rice Straw Ash: Chopped rice straw was obtained from a local farm. Rice 

straw was immersed in water for 24 hours. Then it was dried at 100ºC. The rice straw was 

then burned at 600°C for one hour to produce RSA. A stainless steel cage was made to 

burn the rice straw in. A ceramic kiln was used to burn the rice straw. The ash was 

ground in a laboratory ball mill for 60 min. to produce the powder. Figure 1 shows the 

production process. 

2- Activator Solution: In Alkali Activated systems a high pH activator solution is used, 

commonly sodium hydroxide (NaOH). For this study, sodium hydroxide was used as the 

activator. Three different concentrations of 2 moles, 4 moles, and 6 moles were made. 

3- Mortar samples with 5%, 10%, and 15% RSA were prepared. Also, samples with two 

different % of sodium silicate were made. Results were compared to those samples 

without RSA. For some samples, RSA was pre-soaked in sodium hydroxide solution for 

24 hours before mixing. Pre-soaked RSA samples are referred to as treated RSA (RSA-

T). RSA and RSA-T samples are shown in figure 2. 

Figure 3 shows some of the mortar cubes used for determining compressive strength.  

4- Compressive strength were measured at 3, 7, and 28 days at 23ºC (73F) and at 50ºC 

(122ºF). Figure 4 shows a mortar cube sample under compressive testing machine. 

5- Heat of hydration of samples were measured using an isothermal calorimeter. 
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Figure 1. From top left clockwise: Rinsing out rice straw after 24 hours of soaking; washed rice straw in a stainless steel cage 
prior to burning; rice straw after burning; RSA powder 

 

Figure 2. Powder RSA (before soaking) and treated RSA (RSA-T) (right) 
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Figure 3. Mortar samples prepared 

 

Figure 4. Mortar cube samples crashed after compressive strength testing 

 

Summary of research findings: 

1- Chemical composition of RSA: 

The chemical compositions of RSA produced and slag used are shown in table 1. As it 

can be seen, RSA contains about 90% of silica (SiO2); this is special to RSA. Silica in 

RSA makes it beneficial to concrete. 
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Table 1: RSA and slag chemical compositions 

 
  

2- Impact of RSA on AAS compressive strength: 

The compressive strength of mortar samples for different mixtures is shown in figure 5. 

As it can be seen in figure 5, addition of RSA to AAS systems dramatically increased the 

compressive strength of samples. For instance, at 4 moles solution concentration, samples 

with no RSA has a strength of 300 psi at 28 days whereas samples containing 10% RSA 

had a strength of 4200 psi, which is 40% higher than the strength of samples without 

RSA. It was also found that 28-day compressive strength of samples 10% RSA was 

higher than the 91-day strength of samples without RSA. 

Furthermore, samples containing RSA-T had a much higher compressive strength than 

other samples. When activated with 4 mole solution, mortar samples containing 10% 

RSA-T had a compressive strength of about 7100 psi at 28 days; this is more than 2 times 

the strength of samples without RSA and is 70% higher than strength of samples 

containing RSA. 

The fact that samples containing RSA were stronger than those without RSA could be 

because RSA provide silicon ions during the hydration process. It can be suggested that 

treating RSA with sodium hydroxide solution activates RSA; once this activated RSA is 

added to the mix, the hydration process goes faster which increases compressive strength. 

 

Another observation that can be made from figure 5 is that RSA performed best when the 

molarity of the activator (sodium hydroxide) was 4. This indicates that when using RSA 

in such materials, a lower concentration of the activator solution can be used to obtain 

given properties. For example, samples containing 10% RSA-T prepared by 2 mole (2 M) 

solution had a higher compressive strength than those without any RSA prepared at 6 M. 

It is crucial to be able to reduce the activator concentration for alkali activated systems; 

utilizing RSA in these systems will enable us to achieve that. 

 

Figure 6 shows that samples containing 5%RSA-T and 15% RSA-T had higher strength 

compared to those containing 12.5% sodium silicate and 25% sodium silicates, 

respectively. This indicates that RSA can replace sodium silicate in alkali activated 

systems as a strength booster.   

% Slag RSA

SiO2 32.0 91.0

Al2O3 11.5 0.4

Fe2O3 0.70 0.46

CaO 38.5 2.7

MgO 7.6 1.9

LOI 3.8 0.3

SO3 4 0.2

Na2O 0.16 0.60

K2O 0.28 1.60

P2O5 0.77 0.78
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Figure 5. Compressive strength of mortar samples 
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Figure 6. Comparison between RSA and Silicate samples prepared with 4M activator 

 

Figure 7 compares compressive strength of samples cured at 23C with those cured at 50C. It is 

obvious that samples containing RSA-T has much higher compressive strength at when cured 

50C than those cured at 23C. However, strength of samples containing RSA was not increased 

by an increase in curing temperature. 

 

Figure 7. Compressive strength of samples cured at 50C 
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3- Impact of RSA on AAS heat of hydration: 

 

Figures 8 and 9 shows the heat of hydration of alkali activated slag samples with and 

without RSA prepared with 4M and 6M activator solutions, respectively. As it can be 

seen in figure 8, when prepared with 4M activator, samples containing RSA had a higher 

heat of hydration than those without RSA. However, when prepared with 6M activator, 

samples containing RSA had a lower heat of hydration than those without RSA (see 

figure 9). 

The heat of hydration do not correlate with compressive strength (figure 5). While the 

heat of hydration of samples containing RSA prepared with 6M activator is lower than 

those without RSA, compressive strength of samples containing RSA prepared with 6M 

activator were higher than those without RSA. This is an interesting finding that needs 

more investigation. For conventional concrete (concrete made with portland cement) heat 

of hydration has a direct correlation with strength; the higher the heat of hydration, the 

higher is the strength. 

 

Comparing samples containing RSA with those containing RSA-T, it was revealed that 

samples containing RSA-T had higher heat of hydration. This is shown in figure 10. This 

could be because when RSA is treated in sodium hydroxide, silicon ions are dissolved in 

the system. These dissolved ions could accelerate the rate of reaction resulting to a higher 

heat generation. 

 

 

 

Figure 8: Heat of hydration of paste samples with and without RSA prepared with 4M activator 
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Figure 9: Heat of hydration of paste samples with and without RSA prepared with 6M activator 

 

Figure 10: Heat of hydration of RSA and RSA-T samples 

 

Presentations and Publications: 

The project leader, Feraidon Ataie, presented the results of this study at the American Concrete 

Institute (ACI) convention in Oct. 2018. The presentation was attended by around 50 concrete 

producers and concrete researchers. 

The project leader is currently preparing a journal paper to publish results of this study. 
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Concise General Summary of Current Year’s Results: 

The impact of rice straw ash (RSA) on alkali-activated slag (AAS) cementitious systems was 

studied. RSA was produced by burning the washed rice straw in a kiln at 600℃ (1112°F) for one 

hour. The ash was then ground to produce RSA powder.  

Slag and sand were mixed with an activator solution to make mortar samples. Sodium hydroxide 

was used as the activator solution. Compressive strength of mortar samples containing 5%, 10%, 

and 15% of RSA was measured at 3, 7, and 28 days. Results were compared to those samples 

without RSA. RSA was added to the mix in two different methods. In one method, RSA was 

used without any further process after grinding. In the second method, RSA was pre-soaked in 

the activator solution for 24 hours and then was mixed in samples; this is referred to as treated 

RSA (RSA-T). 

Results indicated that adding RSA in AAS systems will significantly increase compressive 

strength. For instance, samples containing 10% RSA-T had more than twice the strength of those 

without RSA. It was shown that RSA-T better performed than RSA. It was also found that 

samples containing RSA-T gained higher strength when cured at higher temperatures. 

Based on the results of this research, one can draw two important conclusions: (1) RSA can be a 

potential candidate to replace sodium silicate in alkali activated systems as a strength booster. (2) 

Addition of RSA in these systems will allow concrete producers to reduce the activator 

concentration (molality) to achieve a given strength. Both of these conclusions could potentially 

reduce the cost and carbon footprint of alkali activated concrete production.  

This research study provided preliminary fundamental evidence that utilization of rice straw ash 

in alkali activated systems enhances properties of these systems. This provides an emerging 

market for rice straw.   

 

 

 


