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2. Materials and methodology

2.1 Materials

Three different color of RHA, gray ,white and pink supplied by local supplier was used in this
experiment. The ashes were primary sieves 200 mesh (75um) to ensure the particles homogeneity
of the ashes. Ordinary Portland cement was used to produce cement paste in this study. Ordinary
Portland cement was obtained from local cement supplier.

2.2 Method

Preparation of cement paste for Calorimeter

Cement paste samples was prepared in 200g of samples by mixing OPC with different amount of
RHA (0, 10, 20, 30, 40 and 50%). The ratio water to cement was chose constant at 0.5. The mixture
was mold in cup and placed in thermos, the hydration temperatures were recorded for every hour
for 24 hrs. After de-mold, samples were covered by parafilm and stored for 3, 7 and 14 hydration
time. Samples then analyzed using Calorimeter, IR, TGA and XRD techniques.

3. Results and Discussion

3.1 Characterization of raw materials

3.1.1 Chemical analysis of OPC and RHA

The chemical analysis of OPC and RHA by wet chemical method shows in Table 1. It was found
that CaO (64.30 wt.%) is the major component in OPC and other oxide content in cement is suitable
with range of chemical composition Portland cement Type [ and complies with British standard -12-
1958 [7]. Chemical analysis confirmed silica is the main constituent in RHA which is in range of 95
to 97%. Pink RHA shows higher silica contents among other. Beside silica, RHA also contained
minor oxides of other elements such as potassium, sodium, calcium, magnesium, iron, aluminum.
Loss on ignition seem to be high in grey RHA which means that organic constituents is well remove
compared to Pink and White RHA. Overall, the loss of ignition of these RHA was in range of 0.90
to 2.30%.

Table 1. Chemical properties of OPC and different type of RHA

Content Wt. %

orC Grey RHA White RHA Pink RHA
Si0; 21.34 95.60 97.00 97.50
AL O, 4.45 0.50 041 0.32
CaO 64.30 0.42 0.08 0.05
Fe, Oy 3.57 0.09 0.09 0.03
MgO 2.08 0.32 0.30 0.29
Na,O 0.63 0.10 0.04 0.04
K,O 0.30 0.50 0.46 0.42
SO, 1.90 - - -
Loss of ignition | 1.10 2.30 1.40 0.90
Insoluble residue | 0.20 0.16 0.22 0.45
TOTAL 99.87 100.00 100.00 100.00

3.1.2 Phase analysis of RHA

XRD pattern for different RHA shows the similar pattern which is represents the tridymite phase
(S8i0,) ICDD 98-006-6154.
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indicated that all type of RHA shows the same trend of temperature versus hydration time (Fig. 3a-
c). The temperature was steeply increased with increasing hydration time until reach optimum level
and decreases again. The optimum temperatures recorded were found varies with different type and
amount of RHA contents. The optimum temperature at 10wt.% RHA was similar to the control
cement paste. However, as the contents of RHA increases to 20-50wt.%, the optimum temperature
was reduced and longer time is taken to achieve this point. As a comparisons, cement paste with 10
wt% of RHA have shorter time (7-9 hrs) to reach optimum temperature compare 50wt% of RHA
(10-16hrs).

It is clearly observed that, 10wt% of white RHA is the best composition which produced a similar
trend with control cement pasted to other. This finding shows that addition of 10wt.% of white
RHA not alter the composition of cement paste and suitable for used in as admixture materials.
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Fig 3. Temperatures recorded during hydration of cement paste for different type and amounts of
RHA.
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3.2.2 IR Spectra

Since 10wt.% RHA shows a comparable results with control cement paste, only these samples was
characterized using IR technique. IR spectra for 10wt.% RHA and control cement paste at 3, 7 and
14 days hydration was shown in Fig. 2. It is clearly seen that the IR spectra peak of RHA cement
pastes at 3, 7 and 14 days hydration are similar to control. However, for 10wt% of white RHA at 14
days hydration shows a clearer and broad peak at 960 em’! compared to control. This broad peak
was mainly contributed by formation of additional of C-S-H in cement paste since C-S-H is
amorphous in nature .

It is clearly seen that IR peak at 3640 em™ is sharp in pink RHA indicated the presence of Ca(OH),
in cement hydration this peak is disappeared in all white RHA. However, peak at 1480-1410 cm’!
which represents C-S-H are weak compared to white and grey RHA especially when hydration time
increases. These suggested that grey RHA are less reactive compared to white and pink RHA. The
less reactivity of grey RHA will contribute to less silica reactions with Ca(OH), which yield from
cement hydration which contribute to lesser addition of sodium silicate hydrate which unable to
reduce the presence of Ca(OH); in the paste.

For white RHA additions, adsorption peak which represent Ca(OH), seams disappears in all cases
with increase of hydration time while peak which represent of C-S-H become more broader and
clearer. The high reactivity of white RHA react with Ca(OH); from cement hydration to form
additional C-S-H which reduced the amount of Ca(OH),. Detail IR spectra peak and its absorbance
characteristic is simplified in Table 2.

Table 2. IR spectra peaks and its absorbance characteristic

IR Spectra peak (ecm™) Absorbance characteristic
860 (weak) Calcite

1100 Amorphous silica

1640 O-H bending

3420 O-H stretching

960 (Ca-0-Si) C-S-H adsorption

1480 - 1410 C-S-H adsorption

3640 (shamp) O-H stretching of Ca(OH),
1430 ( double peaks) Ca(OH),

870 (weak) Ca(OH),
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4. Conclusion

Effect of three type of RHA on the properties of ordinary Portland cement paste was studied. The
following conclusions are derived;
1. White RHA is shows characteristic of reactive silica compare to other
2. The optimum amount of RHA addition was 10 wt. % which produced comparable properties
with cement paste control.
3. 10 wt.% of white RHA suitable as admixture in cement paste.
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