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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 is a two-year research plan during which the
following experiments will be conducted.
1- Production of Rice Straw Ash: Rice straw will be chopped into 2-4” length and will be
immersed in water for 24 hours. Then it will be burned at 600°C for one hour. Then the
ash will be ground in a laboratory ball mill for 60 min. to produce the powder.
2- Cementitious systems: Seven different samples of alkali activated slag will be made.
Samples containing 5%, 10%, and 15% of RSA will be made and compared to those
without RSA. The results will also be compared to samples made with 25% and 12.5%
sodium silica solution. 4M sodium hydroxide solution will be used.
3- Mortar samples will be casted in 2 inch cubes. Two different temperatures of 23C (73F)
and 40C (104F) will be used to cure the test samples. A Curing temperature of 23C will
be used during the first year. In the second year (phase) of the project, all samples will be
cured at 40C.
4- Compressive strength tests will be conducted at 7 and at 28 day of age. Besides, heat of
hydration of samples will be measured for 7 days using an isothermal calorimetry.

Experimental procedures completed: All the following experiments were conducted at CSUChico campus. Chopped rice straw was obtained from a local farm.
1- Production of Rice Straw Ash: Rice straw was immersed in water for 24 hours. Then it
was dried and burned at 600°C for one hour. 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).
2- Mortar samples with 5%, 10%, and 20% RSA were made. Also, samples with two
different % of sodium silicate were prepared. Results were compared to those samples
without RSA. For some samples, RSA was pre-soaked in 4ml sodium hydroxide for 24
hours before mixing. Pre-soaked and powder RSA samples are shown in figure 2. Figure
3 shows the mortar cube samples.
3- Compressive strength were measured at 3, 7, and 28 days (still continuing) at 23C (73F).
Figure 4 shows a mortar cube sample under compressive testing machine.
4- Heat of hydration of samples were measured using an isothermal calorimeter.

2

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 Pre-soaked RSA (right)
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Figure 3. Mortar samples prepared

Figure 4. Mortar cube samples crashed after compressive strength testing

Summary of research findings in 2017:
1- Impact of RSA on AAS compressive strength:
As shown in figure 5, addition of RSA to AAS systems increased the compressive
strength of samples. Samples containing pre-soaked RSA had higher compressive
strength compared to other samples. This could be because RSA provide silicon ions and
nucleation sites during the hydration process. It can be proposed that pre-soaking RSA in
sodium hydroxide solution activates RSA; once this activated RSA is added to the mix,
the hydration process goes faster which increases compressive strength.
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Figure 5. Compressive strength mortar cubes

2- Impact of RSA on AAS heat of hydration:
Addition of RSA to AAS samples reduce the heat of hydration (figure 6). This could be
because RSA does not generate heat when reacting with sodium hydroxide. However, as
it can be seen in figure 6, sample containing 10% pre-soaked RSA (labeled as AAS10%RSA-P) increase the heat of hydration at early ages. This could be because when
RSA is pre-soaked in sodium hydroxide, silicon ions are dissolved in the system. These
dissolved ions could accelerate the rate of reaction and hence the rate of heat generation
at early ages.

Figure 6: Heat of hydration of paste samples with and without RSA
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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 washed rice straw in a ceramic kiln at 600C (1112F) for one
hour. The ash was then ground to produce RSA powder.
Slag was mixed with sand and 4M sodium hydroxide solution to make mortar cube samples. So
far, samples were made with 5%, 10%, and 20% RSA. Besides, another set of samples were
made by pre-soaking RSA in sodium hydroxide solution. Also, two sets of samples were made
by adding 25% and 12.5% of sodium silicate to the mix. Compressive strength tests were
measured at 3 and 7 days; there tests are still continuing and 28 day tests will be done on these
samples.
Results were compared to those samples that did not include RSA in the mix. Compressive
strength results, collected so far, indicated that adding RSA in AAS mixture increases
compressive strength. Furthermore, pre-soaking RSA before adding to the mix increased the
compressive strength dramatically. I was able to produce samples with a compressive strength of
over 6000 psi in 7 days; this is remarkable. Based on these results, as shown in figure 5, adding
RSA in AAS mixes improves compressive strength of the mixtures.
One challenge that we faced was that when adding more than 10% RSA into the mix, the mix
would set/hardens in as few as 5 minutes; therefore, it was impossible to make samples properly.
The investigator is looking at ways to delay this set time.
For next year, more samples with 15% RSA (with and without pre-soaking) will be made and
tests will be conducted at 23C (73F). Besides, all set of samples will be remade; however, they
will be cured at 40C (104F), instead of 23C, to explore the impact of high curing temperature on
RSA performance in AAS mixtures.
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