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Abstract Rice husk is an agricultural waste and its
conversion to value added products makes it a sec-
ondary resource material. On heating, rice husk gives
ash with >90% by weight of silica with some carbon
and other nonmetallic and metallic impurities. Silica of
high purity, chemical reactivity and white color can be
produced from rice husk by controlling the heating
conditions and this material finds wide industrial
applications. Properties of the ash depend upon vari-
ous pretreatments and calcination conditions. The
present work deals with the investigation on a rice husk
sample from the state of Andhra Pradesh in India. The
raw husk and its acid treated form were calcined at
different conditions such as temperatures, soaking
periods and heating rates. Lime reactivity, surface area,
brightness and color values of the ash samples were
measured. The high potassium content in the husk has
been found to inhibit the carbon removal during ashing
which affected the color as well as reactivity of the ash.
Properties of the ash samples from the untreated and
acid treated husk have been compared and correlated
with the formation conditions.

Introduction

Rice husk is an abundantly available waste material in all
rice producing countries. It is reported that for every ton
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of rice produced, nearly 0.23 tons of husk is formed. The
production of rice husk in India is nearly 26 million tons
[1] and hence its efficient utilization is urgently needed
to avoid environmental pollution. In certain regions, the
husk is used as a fuel for parboiling paddy in the rice
mills. The partially burnt rice husk thus produced also
contributes to pollution. Recently, efforts are being
made not only to overcome the pollution but also to find
value addition to these wastes by using them as sec-
ondary resource materials. Formation of reactive silica
from rice husk is a simple process compared to other
conventional techniques for its production. Thus, any
process to produce this silica from rice husk has the
benefit of not only getting valuable material but also of
reducing disposal and pollution problems of the husk.
Rice husk on burning gives 14-20% by weight ash
which contains ~90% by weight silica and minor
amounts of other elements. Under controlled burning
conditions amorphous silica with high reactivity, ultra
fine size and large surface area can be produced [2-4].
The quality of ash prepared depends on various heating
conditions like temperature, rate of heating, and soaking
time. A review article on the processing, properties and
applications of reactive silica from rice husk has been
recently published from our laboratory [5]. The ash is
used as a good pozzolana in cement industry [6-8] and
also as a support material for metal catalysts. Prepara-
tion of different value added products like silicon car-
bide, porous carbon, zeolites, cordierite, etc from rice
husk ash has been reported [9-17]. The ash finds
extensive uses as filler, additive, abrasive, oil adsorbent,
sweeping component, suspension agent for porcelain
enamels etc [18-22]. Each application requires specific
properties such as reactivity for cement and concrete,
chemical purity for synthesizing advanced materials,
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whiteness and proper particle size for filler applications
and high surface area and porosity for use as adsorbent
and catalyst.

The ash obtained from rice husk under controlled
heating conditions is widely used in lime-pozzolana
mixes. Pozzolans are siliceous and aluminous materials,
which in finely divided form and in presence of moisture,
chemically react with calcium hydroxide at ordinary
temperature to form compounds possessing cementi-
tious properties [23]. Pozzolanic materials are added to
cement to fix the free lime by clinker silicates during
their hydration. This causes free lime to become insol-
uble in water, making the cement highly resistant to
environmental effects. When a part of cement is
replaced with pozzolanic material, the plasticity of
concrete increases and the hydration heat of cement are
reduced [24]. At temperatures around 30 °C and in
presence of water, the amorphous silica in rice husk ash
can react with Ca(OH), to form a kind of C-S-H gel
(Cays SiO3 s xH,0). The C-S-H gel looks like flocs in
morphology with a porous structure and large specific
surface. When this product is heated, it losses the water,
but maintains an amorphous form up to 750 °C. Above
780 °C it begins to transform to crystalline CaSiOs5. One
of the main reasons for the improvement of concrete
properties upon addition of rice husk ash possibly may
be attributed to the formation of more C-S-H gel in
concrete due to the reaction occurring between silica in
the ash and the Ca**> OH" ions or Ca(OH), in hydrating
cement [25, 26]. The amorphous silica with high surface
area produced from rice husk can be used as a pozzolan.
The ultrafine size makes it excellent filler which goes into
the micro voids giving high strength to the concrete [27].

White color is preferred for silica in most of the filler
applications. Measurement of optical properties is
essential to quantify the color of the material. Bright-
ness, whiteness, yellowness and Lab color values
(expressed in ISO units) constitute the important optical
properties which are stringent for white pigments.
Brightness represents the % of reflectance of light at a
wavelength of 457 nm and the difference in reflectance
values at 457 and 570 nm gives the yellowness. Hunter
whiteness and yellowness indices have the advantage of
single number quantities that are based on the entire
visible spectrum. The whiteness formula relates better to
people’s visual assessment than brightness whereas
yellowness indices normally do not correlate well with
the visual judgment of yellowness. The Lab system
based on the color opposites gives a better representa-
tion of the colors. The term L is a measure of lightness/
darkness and varies from 100 for perfect white to 0 for
absolute black. The red/green color is indicated by a.
The more positive is its value, greater is the reddishness

and negative value indicating greenishness. Similarly,
the yellow/blue shade is represented by b, positive value
for yellow and negative for blue.

The rice husk ash is slightly blackish due to the pres-
ence of unburned carbon. Hence, the brightness/white-
ness is generally low and L is more significant among the
color values. The formation of black particles during the
combustion of rice husk is studied by Krishna Rao et al.
and carbon appears to get fixed in the ash matrix due to
surface melting of silica in presence of low melting
alkalies especially potassium [28]. Rapid heating of the
rice husk does not allow the oxidation of carbon before
the surface melting occurs, resulting in a higher amount
of black particles. But if the heating rate is lowered,
oxidation of carbon takes place before surface melting of
silica and the amount of black particles is considerably
reduced. Treatment of the husk with dilute acids also
reduces the carbon and other impurities. Sidheswaran
et al. prepared pure white amorphous silica by pre-
treating the husk by HNOj; followed by ashing and
measured the whiteness using a color scanner [29]. Real
et al. have studied the preparation and properties of high
purity silica with high surface area from rice husk con-
taining ~5.5% K,O [30]. Recently, effect of pre-treat-
ments with various mineral and organic acids on the
optical properties of two rice husk samples of different
origin has been reported from our laboratory [31].
However, the effect of heating conditions on the optical
properties of ash has not been studied so far. All the
reported data gives only the visual evaluation of the
color, in a qualitative manner. The present work in-
volves the studies on the effect of different calcination
conditions on the optical properties and lime reactivity
of arice husk sample with ~2.5% K,O collected from the
central part of India.

Experimental
Raw material

Rice husk from Vijayawada (~79° North of equator
and 15° East of Greenwich), Andhra Pradesh State of
India is selected for the investigation. The sample was
washed thoroughly with water to remove the soluble
particles and dust whereby the heavy impurities like
sand are also removed. It was then dried in an air oven
at ~110 °C for nearly 6-8 h.

Acid treatment

About 500 mL 0.1 N HCI was added to 50 g rice husk
and boiled for 1 h with frequent stirring. The acid was
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decanted and the sample was washed thoroughly with
distilled water till free from acid and dried at about
110 °C.

Thermal treatment

The rice husk as well as the acid treated husk was
subjected to heat treatment to get the ash. About 12 g
of the husk was taken in silica crucible and heated at
different temperatures from 500 °C to 1000 °C at an
interval of 100 °C in a programmable furnace. The
heating rate was maintained at 5 °C/min. Samples were
withdrawn at different soaking time. For each tem-
perature the soaking times were 2, 4 and 6. The ash
samples are designated with temperatures and soaking
time figures i.e. Tt, T represents the temperature of
calcination and ¢ represents soaking time in hours. For
example the ash sample prepared at 500 °C with a
soaking time of 2 h is designated as RHA 5002 with
T =500 and ¢ = 2.

To study the effect of rate of heating on the prop-
erties of the ash, a temperature of 700 °C and soaking
time 2 h were selected which are the conditions opti-
mized in our laboratory for the preparation of amor-
phous and reactive silica from rice husk [4]. Ash
samples were prepared at different heating rates like 1,
2,3,5,7 and 10 °C/min and characterized.

Characterization

X-ray diffraction patterns of the ash samples were ta-
ken using a Philips X—ray diffractometer (model
PW1710) with CuKo radiation and Ni filter. The
powder sample for the XRD was prepared by putting a
thin layer of powder smeared over a glass plate. The
glass plate was previously coated with paraffin wax to
get good adhesion. The XRD analysis was carried out
at a voltage of 40 kV and 30 mA current intensity. The
2q step was 0.06 and the step time was 40 s/step.

The ash samples prepared at different conditions
were examined for their color by measuring the optical
properties such as brightness, color values and white-
ness using a Colour Touch™ model ISO Spectropho-
tometer (Technidyne Corporation, USA). The sample
was dried in an air oven at 110 °C for one hour, cooled
and pulverized for 10 s using an Anglo Pulveriser. It
was then made into a pellet by applying a pressure of
561 kPa for 30 s in a Powder Press Apparatus. Then
the pelletized sample was introduced into the instru-
ment and the measurements were taken.

Standard wet chemical methods supported with
instrumental techniques were adopted to determine
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the chemical constituents. SiO, was estimated gravi-
metrically by hydrofluoric acid evaporation, iron and
manganese by colorimetric method (Jenway 6405) and
the alkalies using flame photometer (Systronics 128).
Loss on ignition (LOI) as found out by heating the
sample to 1,000 °C for 1 h.

Reactivity of the ash was determined by chemical
method [32]. Known amount of the sample was treated
with saturated Ca(OH), solution which reacted with
the silica. The unused Ca was estimated by com-
plexometric titrations. The drop in Ca ion concentra-
tion in the solution corresponds to the calcium, which
reacted with the silica in the ash. The lime reactivity
was calculated from the difference in Ca concentration
before and after treatment with the ash and is
expressed as mg CaO/g of the ash. The surface area
and pore volume were measured by BET nitrogen
adsorption method at -196 °C using Micromeritics
Flow Prep 060 model surface area analyzer.

Results and discussion

Black particles were found in all the ash samples irre-
spective of the temperature and time of ashing. How-
ever, pretreatment of the rice husk with dilute
hydrochloric acid followed by heat treatment was
found to give ash almost white in color. The ash sam-
ples from the untreated and acid treated rice husk are
designated as RHA and *RHA respectively.

Chemical assay

Ash content of the rice husk before and after acid
treatment was found to be 17.6 and 18.4 respectively.
Acid treatment removed considerable amounts of
metal ion impurities and Table 1 gives the chemical
constituents of the ash samples. The silica content of
the ash is ~90% by weight which goes up to ~97.7% for
the acid treated husk. Subsequently, the Na, K, Ca, Fe
and Mn contents come down to a great extent. The
LOI corresponds to the volatile organics as well as the

Table 1 Chemical assay of untreated and acid treated rice husk
ash

Constituents, % by wt. RHA *RHA
SiO, 89.50 97.81
Na,O 0.28 0.07
K,O 2.47 0.39
CaO 1.84 1.05
Fe,O; 0.41 0.15
LOI 1.85 211
Mn ppm 56.44 331
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moisture content of the ash. After the removal of the
volatiles, the product ash still shows some ignition loss
which can be attributed to the loss of adsorbed mois-
ture and surface hydroxyl groups in silica [2]. However,
it is interesting to note that in spite of the presence of
black carbon particles in the ash, the LOI is almost
equal to that of the ash obtained from the acid treated
husk. This conclusively proves that the black particles
have ‘fixed’ carbon.

X- ray diffraction studies

The XRD patterns of the selected ash samples,
RHAS5002, RHA7002 and RHA9002 are represented
by Fig. 1. Only peaks corresponding to graphite are
observed for RHA 5002 and RHA7002. The RHA
9002 shows a peak at 22.2° 26 which is reported to be
that of disordered cristobalite, a crystalline form of
silica. Fig. 2 gives the XRD patterns of the corre-
sponding products from the acid treated husk,
*RHAS5002, * RHA7002 and *RHA9002. Presence of
carbon is indicated in *RHAS5002 whereas neither
carbon nor crystalline silica is present in *RHA7002.
Peaks of cristobalite appear in *RHA9002. As men-
tioned earlier, the ash contains fixed carbon which does
not burn off even at 1,000 °C. The ash also contains
significant amount of K,O which may be dissociating at
low temperature to form elemental potassium. This
phenomenon causes surface melting and the carbon
gets entrapped in this melt. The direct contact with air
is lost and its oxidation on further heating is prevented
[28]. Thus the high percentage of K,O in the rice husk
sample contributes to the formation of black particles
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Fig. 1 X-ray diffraction (XRD) patterns of rice husk ash
samples. (a) RHA 5002, (b) RHA 7002 and (¢) RHA 9002

during the combustion. However, acid treatment of the
husk removes most of the potassium and the ash
becomes free of fixed carbon. It is reported that porous
or activated carbon can be produced by heating rice
husk at a relatively lower temperature in presence of
“chemical activators” such as KOH, K,COs, and
Na,COj;. The peak corresponding to cristobalite in the
RH9002 is found to be bigger than that of *RH9002.
The presence of carbon is accelerating the formation of
cristobalite as observed by Wu et al. [33] whereas this
phenomenon is occurring due to the presence of
potassium according to Krishna Rao et al. [28]. The
crystalllization of trydimite silica from rice husk at
higher temperature (1300 °C) in presence of potassium
ions has been established by Real et al. [30]. The for-
mation of nano-structured silica during carbonization
and combustion of rice husk has been discussed by
Liou in his recent publication [34].

Surface area

High surface area and pore volume are typical prop-
erties of materials which can be used as adsorbents.
Activated carbon and silica are well known adsorbents
with wide industrial applications. Selected rice husk
ash samples were analyzed for these properties and the
values are given in Table 2. The reactivity of silica is
directly related to its amorphous nature and surface
area. The rice husk ash under the present study is
found to have very low surface area and pore volume
and acid treatment of the husk followed by heating
gives ash with considerable improvement in these
values [31]. As described by Real et al.,, a strong
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Fig. 2 X-ray diffraction (XRD) patterns of rice husk ash
samples. (a) *RHA 5002, (b) *RHA 7002 and (¢) *RHA 9002
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Table 2 Surface area and pore volume of RHA 7002 prepared at
different heating rates

Rate of Surface Pore volume
heating (°C/min) area (m?/g) (ecm*/g)

1 11.53 0.0071

2 10.44 0.0062

3 7.61 0.0039

5 9.30 0.0054

7 18.99 0.0084

10 50.20 0.0245

interaction occurs between the potassium ions and
silica which leads to a dramatic increase in particle size
and considerable decrease in surface area [30].

The rate of heating is also found to influence the
surface area of the ash. With increasing rate of heating,
surface area first decreases from 1 °C/min to 5 °C/min
and then increases up to 10 °C/min. The surface area
values and pore volume of the ash samples prepared at
different rates of heating is given in Table 2. Crystal-
lization of the SiO, to cristobalite generally brings
down the surface area. The higher surface area for the
ash formed at lower heating rate is due to the slow
crystallization. At higher heating rate, more carbon is
formed which may be attributing to the increase in
surface area in spite of the higher crystallization rate.

Lime reactivity

Chemical reactivity of the ash comes down drastically
with the formation of crystalline isomers like cristo-
balite, tridymite and quartz. Hence, the silica has to
be totally amorphous to have high reactivity. Table 3
and Fig. 3 give the lime reactivity values of the ash
samples prepared at different conditions. The value is
found to decrease with increasing temperature, soak-
ing time and decreasing heating rates. At higher rate
of combustion, amorphous silica is formed but at
lower rates, part of the silica crystallizes. It is reported
that crystallization of silica can be prevented by
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Fig. 3 Variation of lime reactivity with rate of heating

controlling the temperature, time of burning and rate
of heating [4]. Heating of ash to higher temperatures
and long soaking time converts the amorphous SiO,
into crystalline forms.

The amount of free lime combined by pozzolanic
material is an indication of its pozzolanic property.
This property depends greatly on the surface area of
the pozzolana. The rate of increase and decrease of
lime reactivity is found to vary with the ashing tem-
perature (Table 3). More reactive silica is forming in
the ash as the carbon gets oxidized. As the rate of
heating increases, the lime reactivity decreases. How-
ever, with a decrease in the rate of heating, the
amorphous silica is converted to crystalline form where
by the lime reactivity decreases. The variation of lime
reactivity with rate of heating is shown in the Fig. 3.

The lime reactivity values of the untreated and acid
treated products are given in the Table 3. During acid
treatment potassium ions are leached out and the
weight % of SiO, in the acid treated rice husk ash is

Table 3 Lime reactivity

values of rice husk ash Samples Lime reactivity Samples Lime reactivity Samples (di.fferent Lime reactivity
samples prepared at various (mg CaOlg) (mg CaOlg) rate of heating) (mg CaO /g)
conditions RHA 5002  61.49 *RHA 5002 120.52 RHA 7002 (1) 40.38

RHA 5004 74.79 *RHA 5004 124.98 RHA 7002 (2) 38.23

RHA 5006 74.28 *RHA 5006 141.19 RHA 7002 (3) 36.70

RHA 6002 33.52 *RHA 6002 119.76 RHA 7002 (5) 15.15

RHA 6004 17.29 *RHA 6004 120.10 RHA 7002 (7) 33.18

RHA 6006 18.55 *RHA 6006 120.12 RHA 7002 (10) 32.66

RHA 7002 15.15 *RHA 7002 109.04 - -

RHA 7004 19.28 *RHA 7004 129.36 - -

RHA 7006 11.00 *RHA 7006 129.29 - -

RHA 9002 16.21 - - - -

RHA 10002 13.59 - - - -

@ Springer



J Mater Sci (2006) 41:7926-7933

7931

higher than that in the untreated product. Thus the
carbon content is much less and there is no surface
melting and silica crystallization. This may be the
reason for the higher lime reactivity of these samples.

Optical properties

Cellulose forms the main body of raw husk and when
the latter is subjected to acid treatment, cellulose is
reduced, i.e., the carbohydrates are blackened due to
the removal of oxygen. The proteins in the husk are
decomposed into amino acids, and the cellulose of
larger molecular weight is leached out as smaller
molecular weight compounds. From the chemical
analysis, it is clear that the impurities in rice husk are
substantially removed by acid treatment.

The optical properties are dependent on the color
imparted by the carbon produced on heating the ash
which partly gets burnt off at higher temperature/
soaking time. The colored oxides of metallic impurities
also play an important role, but become insignificant in
presence of the black carbon which masks other colors.
Hence L value is more relevant. For untreated husk,
the ash RHA 5002 is having lowest brightness, L, and
Hy values (Table 4a). Increasing soaking time im-
proves these values. The RHA 6002 is having higher

values compared to RHA 5002 which again increase
with the soaking time. Similar trend is found in the
RHA 700 series also. However, RHA 9002 and RHA
10002 are found to have inferior optical properties. In
most of the samples, brightness, L and Hy values
follow the same trend. The values for a and b are too
small and insignificant whereas the Hy values did not
find any direct relation with the brightness. This can be
attributed to the masking of yellow shade by the more
prominent black color.

For acid treated products, the oxidation of carbon at
low temperature is sluggish. The brightness, L, and Hw
increase with increasing temperature and soaking time
(Table 4b). The highest values are for *RHA 6004.
The maximum a, b and H~ values are found to be for
*RHA 5006. The brightness and Hy values of acid
treated products *RHA 5002, *RHA 5004 and *RHA
5006 are less than the corresponding untreated prod-
ucts. At higher temperatures, the trend becomes the
reverse.

For studying the effect of rate of heating on the
optical properties, the temperature as 700 °C and
soaking time as 2 h were selected. It is found that as
the rate of heating is increased, the optical properties
like brightness, L, a, b, Hw and Hy deteriorates. The
brightness values are 39.96 and 10.51 when the rates of

Table 4 (a) Optical

properties of ash samples Samples

Brightness % ISO

L,a b Hy Hy

from untreated husk (RHA),
(b) optical properties of ash

(a) Optical properties of ash samples from untreated husk (RHA)

, RHA 5002 9.85 31.54, 0.35, 0.24 9.52 1.08
samples from 0.1 HCl acid ~ gpya 5004 44.54 69.13, 0.92, 036 3450 6.95
treated rice husk (*RHA) and - ppyA 5006 35.39 60.87, 0.48, 1.96 30.23 461
() optical properties of RHA gy 6002 28.03 53.90, 0.24, 1.31 25.01 3.48
7002 at different rate of RHA 6004 26.76 51.24, 0.46, —0.78 28.53 216
heating RHA 6006 28.70 53.26, 0.46, —0.49 29.86 -1.32
RHA 7002 20.21 4391, 029, -1.52 23.10 —4.95
RHA 7004 23.28 46.99, 031, —1.83 27.00 _5.57
RHA 7006 26.04 49.60, 0.41, 2.13 30.65 ~6.14
RHA 9002 16.36 40.67, 0.37, 0.33 15.78 1.14
RHA 10002 20.52 45.54,0.28, 0.33 19.88 1.04
(b) Optical properties of ash samples from 0.1 HCI acid treated rice husk (*RHA)
*RHA 5002 2.67 17.08, 0.78, 1.31 1.63 10.99
*RHA 5004 7.09 28.81, 1.48, 2.98 339 14.79
*RHA 5006 17.14 45.52, 2.06, 5.61 6.13 17.60
*RHA 6002 21.60 4712, 0.42, 0.92 19.73 2.78
*RHA 6004 61.61 79.67, 0.29, 1.69 55.78 3.03
*RHA 6006 50.56 72.22, 098, 1.58 45.65 3.12
*RHA 7002 53.25 73.42, 0.11, 0.66 51.14 1.28
*RHA 7004 55.66 75.19, 0.28, 0.84 52.94 1.59
*RHA 7006 57.98 77.04, 0.35, 1.28 53.72 2.37
(c) Optical properties of RHA 7002 at different rate of heating
1 39.96 62.85, 0.72, -0.75 41.45 124
2 37.84 61.10, 0.58, —0.63 39.52 147
3 29.05 52.98, 0.50, —1.37 32.20 3.68
5 20.21 4391, 029, -1.52 23.10 495
7 13.68 35.9, 0.28, -1.58 16.14 630
10 10.51 31.31, 0.19, —1.59 12.64 724
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Fig. 4 Variation of brightness with rate of heating

heating are 1 and 10 °C/min respectively. The effect of
rate of heating on the brightness of RHA 7002 is shown
on the Fig. 3 and the values are given in Table 4c.
The major impurity of the rice husk under study is
potassium. The potassium must be accelerating the
carbon fixation in rice husk ash. When the husk is
heated from room temperature, the organic matters
decompose into carbon. Further rise in temperature
causes oxidation of carbon. Before the removal of all
the carbon, if the temperature was raised to the melt-
ing temperature of K,O, surface melting of the ash
occurs and the carbon gets entrapped in the melt. If the
husk is slowly heated, part of the carbon gets oxidized
before the melting temperature of K,O is reached
resulting in an ash with less black particles [28, 35, 36].
But during rapid heating, the oxidation of carbon and
the dissociation of K,O take place simultaneously. The
unburned carbon in the black particles does not get
oxidized and removed as it is fixed in the fused silica on
the surface and is not in contact with air. When the rice
husk is subjected to acid treatment, most of the
potassium is removed and the surface melting at low
temperature does not occur. Hence, carbon particles
are oxidized and burnt off as the temperature and
soaking time is increased. The acid treatment, tem-
perature and heating rate have significant effect on the
formation of black particles in RH silica ash. (Fig. 4)

Conclusions
Acid treatment and rate of heating of rice husk influ-

ence the surface area, lime reactivity and brightness of
the ash. Brightness and lime reactivity are enhanced by

@ Springer

acid treatment of the husk and by decreasing the
heating rate. The enhancement in brightness achieved
by the former treatment is found to be higher than that
by the latter one. As the heating rate increases, surface
area decreases initially and then increases. Rapid
heating of the rice husk produces more black particles
which contain fixed carbon. The potassium in the rice
husk causes surface melting at low temperature and the
carbon gets entrapped giving black color to the ash.

Acknowledgements The authors are grateful to the Director,
Regional Research Laboratory, Thiruvananthapuram for giving
permission to communicate this work. Thanks are also due to
Mr. S. Ramaswamy, Mr. P. Guruswamy, Mr. K.M. Prakash and
Mr. Veluswamy for AAS, XRD, surface area measurements and
for carbon analysis. One of the authors (PNP) is indebted to
CSIR (Govt. of. India) for financial assistance.

References

. Jain AK, Sharma SK, Singh D (1997) J Agricult Eng 34:10
. James J, Subba Rao M (1986) Am Ceram Soc Bull 65:1177
. Della VP, Kuhn I, Hotza D (2002) Mater Lett 57:818
. Chandrasekhar S, Pramada PN, Raghavan P, Satyanarayana
KG (2002) J Mater Sci Lett 21:1245
5. Chandrasekhar S, Satyanarayana KG, Pramada PN, Ragha-
van P (2003) J Mater Sci 38:3159
6. Nehdi M, Quette JD, Damatty AE (2003) Cement Concrete
Res 33:1203
7. Stroeven P, Bui DD, Sabuni E (1999) Fuel 78:153
8. Zhang MH, Lastra R, Malhotra VM (1996) Cement Con-
crete Res 26:963
9. Karera A, Nargis S, Patel S, Patel M (1986) J Sci Indust Res
45:441
10. Krishna Rao RV, Godkhindi MM (1992) Ceram Int 18:185
11. Liou T-H (2004) Carbon 42:785
12. Guo Y, Yu K, Wang Z, Xu H (2000) Carbon 41:1645
13. Wu M, Zha Q, Qiu J, Guo Y, Shang H, Yuan A (2004)
Carbon 42:205
14. Naskar MK, Chatterjee M (2004) J Eur Ceramic Soc 24:3499
15. Dalal AK, Rao MS, Gokhale KVGK (1985) Ind Eng Chem,
Prod Res dev 24:465
16. Wang HP, Lin KS, Huang YJ, Li MC, Tsaur LK (1998)
J Hazardous Mater 58:147
17. Krishna Rao RV, Godkhindi MM (1992) Ceram Int 18:185
18. Suwanpratab J, Hatthapanit K (2002) J Appl Polym Sci
86:3013
19. Ismail H, Nasaruddin MN, Ishiaku US (1999) Polymer
Testing 18:287
20. Ishak ZAM, Abubaker A, Ishiaku US, Hashim AS, Azahari
B (1997) Eur Polym J 33:73
21. Ishak ZAM, Abubaker A (1995) Eur Polym J 31:259
22. Mbui DN, Shiundu PM, Ndonye RM, Kamau GN (2002)
J Environ Monit 4:978
23. Jauberthie R, Rendell F, Tamba S, Cisse I (2000) Construct
Build Mater 14:423
24. Biricik H, Akoz F, Berktay I, Tulgar AN (1999) Cement
Concrete Res 29:637
25. Yu Q, Sawayama K, Sugita S, Shoya M, Isojima Y (1999)
Cement Concrete Res 29:37
26. Feng Q Yamanichi H, Shoya M, Sugita S (2004) Cement
Concrete Res 34:526

A LN~



J Mater Sci (2006) 41:7926-7933

7933

27.

28.

29.

30.

31.

Paya J, Monzo J, Borrachero MV, Mellado A, Ordonez LM
(2001) Cement Concrete Res 31:227

Krishna Rao RV, Surahmanyam J, Jagadishkumar T (2001)
J Eur Ceram Soc 21:104

Sidheswaran P, Bhat AN (1996) Trans Indian Ceram Soc
55:93

Real C, Alcala MD, Criado JM (1996) J Am Ceram Soc
79(8):2012

Chandrasekhar S, Pramada PN, Praveen L (2005) J Mater
Sci 40:6535

32.
33.
34.

3s.
36.

Ramarao G, Sastry ARK, Rohatgi PK (1989) Bull Mater Sci
12:76

Wu M, Zha Q, Qiu J, Guo Y, Shang H, Yuan A (2004)
Carbon 42:205

Liou T-H (2004) Carbon 42:785

Guo Y, Yu K, Wang Z, Xu H (2000) Carbon 41:1645
Krishna Rao RV, Subrahmanyam J, Jagadishkumar T (2001)
Trans Indian Ceram Soc 60:97

@ Springer



	Effect of calcination temperature and heating rate on the optical properties and reactivity of rice husk ash
	Abstract
	Introduction
	Experimental
	Raw material
	Acid treatment
	Thermal treatment
	Characterization
	Results and discussion
	Chemical assay
	Tab1
	X- ray diffraction studies
	Surface area
	Fig1
	Fig2
	Lime reactivity
	Tab2
	Tab3
	Fig3
	Optical properties
	Tab4
	Conclusions
	Acknowledgements
	References
	Fig4


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


