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ABSTRACT. Disposal or Utilization of rice husk creates a problem for rice-growing
countries. Its ash is whitish and fluffy that consists mainly of amorphous silica. This
form is inert and not useful for agricultural and industrial purposes.

The results of this study presents the nature of fired rice husk ash.
IR-spectroscopy and X-ray diffractometry technique were utilized. The reactivity of
rice husk ash toward formation of 3-C,S was also investigated. The results showed
that rice husk ash fired up to 700°C is amorphous, whereas cristobalite is formed in
increasing quantities at higher temperatures. The rate of formation of B-C,S from
rice husk ash is faster than from silica quartz. It may be concluded that rice husk ash
Is more reactive than natural quartz.

Rice husk has, for a long time, constituted a hazardous by-product. Convenient
method to dispose rice husk is by burning; either in open fields or in steam
generators. The burning operation produces an ash that constitutes about 20%.
Amorphous silica is the predominant component of this ash (El-Bouseily and
El-Shamy 1975).

Silicon occurs as a hydrated amorphous silica. It is not known whether this
material is opal or silica gel, however, the evidence for the opaline form is rather
strong (Cobel and Burke 1963, and Lanning 1963). It was pointed out that a
portion of the silica might be complexed with organic molecules (Harders and
Kienow 1966).

Due to the light silica content and the porous texture of the ash produced by
the incineration of rice husk, it is recommended for use in the production of silica

B-C,S = p-2 Ca0.8i0,
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insulators. Furthermore, the SiO; in rice husk ash is present in an amorphous state,
which increases its reactivity during the firing process used in the manufacture of
refractory materials (Reinhardt 1972).

Rice husk ash in highly reactive form is found to be excellent ingredient for
making either lime-rice husk ash or Portland-rice husk ash cements (Mehta 1977).
Portland-rice husk ash cement containing up to 50% ash displays higher
compressive strength than does Portland cement.

The nature of white rice husk ash silica is still under active investigation
(Ibrahim and Helmy 1981). The results showed that nuclei disordered cristobalite
is present and its growth is governed by two factors, namely nucleation and
temperature. The nucleation process manifests itself in the low temperature range

800-900°C, while growth is more pronounced in the temperature range 1000-
1100°C.

The aim of the present study is to elucidate the nature of the rice husk ash
formed at different firing temperatures from 500° up to 1000°C. The reactivity of
such ash is studied in the formation of $-C,S which is a major phase in Portland
cement by the reaction with CaCO; in comparison with natural quartz.

Experimental

10 kg of green rice husk were ground in a disc mill and then sieved through 0.5
mm mesh. The thermal behaviour as well as the ash content of the rice husk were
studied (El-Bouseily and El-Shamy 1975). DTA showed an endothermic peak at
about 130°C that corresponds to heat absorbed during the loss of mechanically held
water. This process is accompanied by ca. 4.4% weight loss. The -thermal
decomposition of the husk is characterized by two exothermic peaks at 340-400°C.
These may be due to the presence of cellulose and hemicellulose which are the
major constituents of the organic part of the husk. The corresponding weight loss is
ca. 36.6%. The remaining part of the husk was decomposed gradually; decomposi-
tion completed at 940°C. The weight of the resulting ash was ca. 18% of the rice
husk. Chemical analysis of the rice husk ash is as follows: SiOQ, = 94.47; Al,O3 =
2.03; Fe,O5 = 0.40; CaO = 1.14; Mg = 0.89; Na,O = 0.67 and K,O = 0.85%.

Rice husk was heated in a muffle furnace in an atmosphere of air at a constant
rate of 20°C min up to required temperature. Heating was initiated at 500°, 600°,
700°, etc. up to 1000°C for 2 hr, then cooled slowly in the furnace. The nature of
the silica in the rice husk ash was studied by IR as well as X-ray diffraction (XRD)
analyses.

The B-dicalcium silicate, B-C,S, was synthesized from silica rice husk ash as
well as from natural quartz for comparison. The rice husk was ignited at 400°C for 2
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hr, and the carbon content was determined by ignition at 1000°C for one hour. The
particle size of rice husk ash fired at 400°C as well as natural quartz was — 73 um.
The two materials were ground separately in an agate mortar to pass completely
through a 200 mesh sieve (— 73 um). The calculated amount of SiO, in the ash was
mixed with a stoichiometric amount of CaCQs, and the resulting mixture was
ignited at 1100, 1200, 1300, and 1400°C for 1, 2, 3 and 4 hr, respectively, and then
suddenly cooled in the air. The phase constitution was identified with the aid of
X-ray diffractometry. Ni-filtered CuK« radiation at 40 kV, 20 mA was used
throughout in Philips Pw 1390 diffractometer. The kinetics of formation of $-C,S
were followed by determining the free lime content of the fired samples (Kondo et
al. 1975).

Results and Discussion

Ibrahim et al. (1980) examined the IR-absorption patterns for white rice husk
ash silica that was obtained by firing rice husk ash in an atmosphere of air at
different temperatures ranging between 500 and 1400°C. The observed ratio of the
two main absorption bands occurring at 470 and 800 cm ™' provided insight into the
sequence of transformations among different forms of silica. These transformations
occurred in three steps: (i) the destruction of Si-OH groups at 700°C, (ii) the
formation of disordered cristobalite at 900°C, and (iii) the crystallization of
cristobalite and tridymite.

IR-spectra of rice husk ash fired at 500, 600, 700, 800, 900 and 1000°C for 2 hr
are shown in Fig. 1. Samples fired between 500° and 700°C showed absorption
bands at 470, 795, 1090, 1635 cm™" and a broad band at 3460 cm *. Samples fired
between 800 and 1000°C displayed more complicated spectral features. An
absorbance band at 615 cm™! started to appear at 800°C, increased in intensity at
900°C, and then decreased in intensity as the temperatures was increased further.

Crystalline form of silica such as quartz and cristobalite display intense sharp
IR absorption bands at about 1200, 1100 and 800 cm ' which presumably arise
from the Si-O fundamental (Florke 1959 and Nakamoto 1978). Silica gel contains
two types of siliconoxygen bonds: Si-O or siloxane groups and Si-OH or silonal
groups (Ibrahim et al. 1980). The Si-O bond displays characteristic IR bands at
400-500 cm™! that are due to bending vibrations. If the silica tetrahedra are
connected to form chains, rings or more complicated structures, they give rise to IR
absorption bands at 600-800 cm™'; i.e. the Si-O group absorptions occur primarily
at: 470, 600, 810 and 1100 cm™!. The absorption bands at 1635 and 3460 cm™'
result from adsorbed water.

IR-spectra of rice husk ash treated at different temperatures closely resemble
that of opal. This is due to the absence of stretching frequency at 950 cm ™" of silica
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gel. All samples fired up to 700°C display similar absorption patterns that denote
the amorphous nature of the ash. The broadening of the band at 795 cm™' is
probably due to overlapping of Si-O and Si-OH vibrations. The increase in
sharpness of the Si-O band that occurs with increasing temperature is probably due
to the destruction of the Si-OH group. The band at 795 cm™' due to the Si-O

vibration is shifted to 780 cm ™" as the firing temperature is increased from 800 to
1000°C.

Symbols used in the X-ray patterns:

CaCO, -C
Quartz =Q B-2 CaO.SIO. =B
Ca(OH), =H v-2 CaO.Si0, =y
1000°C
v
900°C
" 800°C
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"v
600°C
~— | 500°C
| L | | |
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Wave length, cm™'

Fig. 1. TR-Spectra of rice husk ash fired at different temperatures
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Rice husk ash fired at 800°C displayed an IR band at 615 cm™' thereby
denoting initiation of a crystalline phase. The intensity of this band increases as the
firing temperature increases to 900 and 1000°C. The appearance of a band at 435
cm~! indicates the presence of tridymite.

Figure 2 illustrates the XRD patterns of rice husk ash fired from 500 up to
1000°C in comparison with natural quartz. It is clear that the silica of rice husk ash
is amorphous at lower temperatures, i.e. up to 700°C. At this temperature,
crystallinity of the silica is initiated, and a small amount of crystalline phase is
formed. This phase may be disordered cristobalite which increases with increasing
firing temperature. When the firing temperature increases from 800 to 1000°C, the
characteristic pattern of cristobalite increases. In earlier work (Ibrahim et al.
1980), the appearance of cristobalite was reported to occur at higher temperature
(900°C) than in the present study. This result may be attributed to the firing
conditions. In the present work, the ash was allowed to cool slowly, thereby
affording conditions that are conductive to crystallization. Sudden cooling delays
crystallization of the silica. The crystallinity of quartz is greater than that of ash
silica fired at 1000°C. It should be noted that the predominant crystalline phase
present in rice husk ash fired up to 1000°C was cristobalite, which is different from
that of natural quartz.

Organosilicon compounds are assimilated into the rice plant and form part of
the plant tissue. Silicon atoms are first transformed by the combustion process into
amorphous silica. Silicon atoms in amorphous silica are bonded to oxygen atoms in
two ways: either to two oxygen atoms, thereby forming a siloxane group (Si-O) or
to a hydroxyl group, thereby forming a silanol group (Si-O-H). Both groups exist at
temperatures up to 700°C but in varying proportions depending on the firing
temperature. The siloxane groups unite by the corners to produce low-form
cristobalite. Any impurities that are present enter the crystal lattice, thereby
forming a kind of solid solution.

Effect of Mode of Silica on the Formation of -2 Ca0.SiO,

Silica quartz as well as rice husk ash fired at 400°C for 2 hr were used for the
preparation of 3-C,S. They were mixed separately with an equimolar amount of
CaCOs; in an agate mortar. The resulting mixtures were then placed in platinum
crucible and fired in an electric furnace at 1100, 1200, 1300 and 1400°C,
respectively.

Effect of Firing Temperature

The XRD patterns of mixes, prepared from quartz as well as rice husk ash,
fired at 1100, 1200 and 1300°C for 4 hr, are shown in Figs. 3 and 4. As the firing
temperature is increased, the patterns show a corresponding increase in the
intensity of the B-C,S lines and a decrease in intensity of the patterns that
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correspond to quartz, cristobalite and free lime. The results indicate that B-C,S is
formed exclusively when rice husk ash is fired at 1300°C. However the sample, that
is obtained when quartz is fired, contains free quartz as well as free lime with the
lines of 3-C,S. A very small amount of y-C,S is also present as intermediate phase.
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Fig. 2. XRD Patterns of rice husk ash fired at different temperatures compared with quartz
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There is no chance for formation of CS, and CS. This is due to the high
concentration of lime which prevents the formation of low lime calcium silicates.
Hence, we conclude that rice husk ash is more active than is natural quartz. The
free Ca(OH), is due to the hydration of free lime and also the presence of CaCOj is
mainly due to re-combination from the atmospheric CO,.
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Fig. 3. XRD Patterns of B-C,S prepared from natural quartz as a function of firing temperature
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Fig. 4. XRD Patterns of B-C,S prepared from rice husk ash at different firing temperatures

Effect of Soaking Time

The effect of soaking time on the formation of B-C,S from quartz as well as
from rice husk ash is shown in Figs. 5 and 6. The samples were fired at 1300C for 1,
2, 3 and 4 hr, respectively. The degree of reaction increases with firing time. Only
the B-C,S pattern is observed from soaked rice husk ash, whereas the lines of silica
quartz are still present after soaked quartz has been fired for 4 hr at 1300°C. Also,
soaking enhances the formation of B-C,S in the case of natural quartz.

The kinetics of formation of B-C,S can be seen via inspection of Fig. 7. This
Figure illustrates the free lime contents of B-C,S prepared from quartz as well as
from rice husk ash as a function of firing conditions. The results revealed that at
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any firing temperature, the amount of free CaO decreases as the soaking time
increases. As the firing temperature increases, the amount of free lime resulting
from incomplete reaction with quartz or rice husk ash decreases. This results
reflects the fact that lime is consumed during the formation of 3-B,S. Generally,
the content of free lime is lower in rice husk ash than in the ash produced via firing
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Fig. 5. Effect of soaking time of samples fired at 1300°C prepared from quartz
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of natural quartz. This result is mainly due to the increased reactivity of rice husk
ash vis-a-vis natural quartz. A sample prepared from rice husk ash fired at 1400°C
for 3 hr was found to contain 0.7% free CaO in comparison with 20.14% CaO in a
sample prepared similarly by silica quartz.
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Fig. 6. Effect of soaking time of samples fired at 1300°C prepared [rom rice husk ash
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Fig. 7. Free lime content of samples fired at different tempeatures
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