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STUDY ON THE FUNDAMENTAL PROPERTIES
OF RICE HUSK ASH AND ITS APPLICATION

Qingge FENG

Abstract

The world yield of rice paddy is 600.1 million tones in 2001, with 537.7 million tones
produced in developing countries. It means that about 120.0 million tones of rice husks are
available. Because of the tough, woody, abrasive nature of hulls, their low nutritive properties,
resistance to weathering, great bulk, and high ash content, the use or disposal of rice husk has
frequently proved difficult. Due to the growing concern with environmental pollution and an
increasing interest in conservation of energy and resources, the traditional disposal of rice husk
is no longer acceptable to the society today. Every country (especial the developing country)
has to face the challenging problem that how to use or dispose this low-value by-product within
the framework of its economic structure. Experimental studies had shown the properties and
application of rice husk ash depending on preparation. The sensitivity of the ash products to
the treating condition is the primary reason that obstructs the widespread use of this material.

This paper systematically presents the thermal decomposition of rice husks and pretreated
husks, the effects of pretreatment and heat process on the properties of rice husk ash, the use
of rice husk ash as a supplementary cementitious material, and an attempt at the use of rice
husk ash for the removal of heavy metals from aqueous solutions.

The major findings of these studies are summarized below.

1. Thermal decomposition process of rice husk and acid pretreated husk

TG analysis of rice husks and pretreated rice husks reveals three distinct stages of mass
loss as removal of moisture, release of volatile matter and burning of combustible material,
with the corresponding range of temperature as 39-140°C, 208-377°C and 369-929°C, respective-
ly. DTA records exhibit an exothermic reaction during the course of thermal decomposition
and an endothermic peak during the removal of moisture.

2. Effects of heat process and pretreatment on the surface properties of rice husk ash

Silica form in rice hush ash depends on the combustion and pretreatment conditions. The
optimum ashing temperature and pretreatment of rice husks help to prepare the amorphous rice
husk ash with high specific surface area. The metallic impurities in rice husk ash are
substantially reduced by hydrochloric acid pretreatment. Decrease of impurities results in
delaying the formation of crystalline phase from amorphous silica. Acid immersing process of
rice husk does not affect the structure of its ash-silica. The predominant type of pore is found
to be mesopores. With the hydrochloric acid pretreatment of rice husks, the activity of rice

— 370 —



b B30 IKOERMEE LGB 28158 ()

husk ash is not only stabilized but also enhanced ; the activity sensitivity of rice husk ash to
burning conditions is reduced.

3. Application of rice husk ash as a pozzolanic material

The studies of the application of rice husk ash as a pozzolanic material are carried out.

1) Pozzolanic properties of cement mixed with rice husk ash

Rice husk ash shows the characteristics that increase the hydration heat of cement during
the first 12 hours. Compare with the base cement, the cement replaced with rice husk ash has
larger enthalpy and faster exothermic rate of hydration. A significant increase in the strength
of pretreated rice husk ash specimen is observed compared with that of control mortar and
untreated rice husk ash specimen. Rice husk ash mortar has lower Ca(OH), content after 7
days. Pore size distribution of rice husk ash mortar shows a tendency to smaller pore size.
The pozzolanic activity of pretreated rice husk ash is higher than that of untreated rice husk
ash.

2) Use rice husk ash in high-strength concrete

Rice husk ash can be suitable for being used as a supplementary cementitious material to
produce high-strength concrete. The more the replacement of cement with rice husk ash is,
the higher the compressive strength gain of concrete is, irrespective of the change of W/B and
curing age, and the rice husk ash concretes gets the maximum strength increment ratio at the
age of 7 days. With the replacement of cement with rice husk ash in concrete, the average
pore radius of concrete is decreased obviously. The amount of Ca(OH), is reduced evidently
with the increase of the replacement with rice husk ash. Less portlandite, more C-S-H gel,
and decrease of pore volume in large radius are the main reason for the strength enhancement
of concrete.

3) Rice husk ash-Ca(OH),-H,O system

Rice husk ash can be reacted rapidly with the saturated Ca(OH), solution. There is a
exponential relation between specific surface area of rice husk ash and the change in conductiv-
ity of the saturated Ca(OH), solution, from which the specific surface area can be known
according to the conductivity change.

Calcium hydroxide is consumed rapidly in the initial reaction period. The mixtures added
with rice husk ash (pretreated) react faster than that added with rice husk ash (no pretreat-
ment). The reaction mechanism of rice husk ash with calcium hydroxide is consistent with
diffusion control and can be represented by both the Jander diffusion equation and Genstleng
diffusion equation.

DTA and XRD results shows that the reaction product of rice husk ash with calcium
hydroxide is Ca;5Si0;5°xH,0, one kind of C-S-H gel.

4) An attempt at the use of rice husk ash for the removal of heavy metals

Rice husk ash is found to be a suitable adsorbent for the removal of lead, copper, zinc,
cadmium, manganese, and mercury ions from aqueous solution. No adsorption is observed for
chromium and selenium ions by rice husk ash.

Adsorption capability and adsorption rate of rice husk ash for metal ions from aqueous
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solution are considerably higher and faster, respectively, than that by activated carbon.
Bangham equation can be used to express the mechanism of adsorption of metal ions by rice
husk ash.

The maximum amounts of the adsorptions of metal ions by rice husk ash follow the
sequence as Pb>Cu>Zn>Cd>Mn>Hg, and are determined as 10.86, 9.45, 5.40, 4.17, 3.70, and
3.23 mg/g, respectively.

The initial adsorption rates of lead, copper, zinc, cadmium, manganese, and mercury ions
by rice husk ash increase with the increase of initial metal ion concentration, and then the
adsorption rates do not changes obviously with the initial metal ion concentration.

A decrease in particle size of rice husk ash causes an increase in absorbing metal ions.

The adsorption of metal ions by rice husk ash is significantly influenced by pH of aqueous
solution. The optimum pH values vary with metal ion, and the optimum pH value is 5.80, 5.80,
5.80, 7.00, 5.80, and 11.00 respectively for lead, copper, zinc, cadmium, manganese, and mercury
ion.

The higher the concentration of supporting electrolyte potassium nitrate solution is, the
smaller the amount absorbed of metal ions is.

Equilibrium adsorption of metal ions by rice husk ash follows typical adsorption isotherms
and fits both the Langmuir and Freundlich adsorption isotherms. The Langmuir adsorption
model fits the results better than the Freundlich adsorption model.

Key words : Rice husk ash, Thermal decomposition, Hydrochloric acid, Pretreatment, Surface
property, Pozzolanic activity, Cement, High-strength concrete, Ca(OH),, Hydration heat,
Adsorption, Heavy metal, Model, Equilibrium isotherm, Environment.
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