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Abstract
In this work, chemical and thermal treatment were used to
enhance silica extract on the purity of rice husk and to reduce the
impurities associated with the extraction of silica. The thermal
degradation of rice husk was studied. The characteristics and thermal
degradation behavior of rice husk which investigated using
thermogravimetric analyzer (TGA). Hydrochloric acid was used to
soak the rice husk and the study of leaching influence is followed by
XRF tests for samples before and after the combustion process. Acid
treatment and combustion method seem to have a clear effect on
silica purity. The pyrolysis processes were carried out at Laboratory
temperature up to 650 oC in the presence of nitrogen gas flowing at
150 ml/min. The effect of high combustion levels on the structure
was also investigated through XRD testing.
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تأثٍر المعالجة الكٍمٍائٍة والحرارٌة على نقاء السٍلٍكا المستخرجة من قشىر الرز
بهاء فخري شهاب و وسام عبد علً تىٌج
 جبيعت بغذاد، كهٍت انعهىو،لسى انفٍشٌبء
الخالصة
 حًج يحبونت اسخخذاو انًعبنجت انكًٍٍبئٍت وانحزارٌت نخعشٌش اسخخهص انسهٍكب عهى اننمبء ين،فً هذا انعًم
 جٌ اسحخذاً حَض اىهيذروميىريل ىنقع قشر األرز.لشز األرس ونخمهٍم انشىائب انًزحبطت ببسخخزاج انسهٍكب
 يبذو أُ طريقة انًعبنجت. نهعٍنبث لبم وبعذ عًهٍت االحخزاقXRF ودراسة جأثير اىنقع ٍحبىعة باخحبارات
 جَث دراسة اىححيو اىحراري ىقشر األرز ىذراسة.انحىايض واالحخزاق نهب حأثٍز واضح عهى نمبء انسهٍكب
 كًب.(TGA) خصائص وسيىك اىحذهىر اىحراري ىقشر األرز انخً حى ححهٍههب ببسخخذاو يحهم انثمم انحزاري
 درجت يئىٌت فً وجىد غبس اننٍخزوجٍن650 أجزٌج عًهٍبث االنحالل انحزاري عنذ درجت حزارة انغزفت حخى
 مَا جٌ فحص جأثير ٍسحىيات االححراق اىعاىية عيى اىبنية اىهينيية ىيسيينا ٍِ خاله.دقيقة/  ٍو150 انًخذفك عنذ
.XRDاخحبار
found that RH contains good amounts
of amorphous porous silica, containing
about 15–20 % silica [3-5]. High levels
of silica content have encouraged
many researchers to research how
amorphous silica is extracted with high
purity [5].
Usually there is a lot of oxides with
silica, such as K2O, CaO, MgO, MnO,
Al2O3, P2O5, in different proportions.
Which are considered undesirable [6,

Introduction
Rice Husk (RH) are agricultural
waste resulting from the milling of the
crop of rice. It is a residue produced in
significant quantity on a global basis.
They are used as a fuel in some
regions, in other countries they are
treated as waste, they are usually
disposed of by burning in the field,
which results in damage to the either
and the environment [1, 2]. It was
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7]. The percentage of K2O is a high
impurity, which is the main reason that
ash is gray and not white, it is known
that white ash is preferred because it
contains a small percentage of
carbon [8]. The effect of K2O ratios
can be minimized by acid and thermal
treatment.
Silica can be extracted from rice
straw by burning RH using a furnace
with control in time and combustion
temperature, thereby turning into rice
husk ash (RHA) containing 90-98%
amorphous silica [2]. Silica can be
extracted from RHA since it is soluble
under alkaline condition and which can
be converted to sodium silicate (water
glass) by the reaction of ash with
sodium hydroxide according to the, as
mentioned by A. Venkateswara Rao et
al. [9].

rewashed, at least three times with
distilled water for removing any
residual hydrochloric acid. This
process was gauged by reaching acidfree state, i.e. a neutral pH. The
purpose of the previous process was to
remove the small quantities of minerals
prior to silica extraction from RHA.
Drying the wet washed RH at
120 oC for several hours on a large
baking dish, the moisture was almost
being removed. It is recommended that
the door of the used muffle furnace
should be slightly opened in order to
allow the water vapor to exit, as well
as, the drying process should be carried
out with stirring occasionally.
Picking out 200 g of milled RH and
divided into two parts, each part 100 g
were
placed
into
medium-size
porcelain crucibles. These crucibles
were then placed inside the muffle
furnace. The first part was burned by
the muffle furnace directly to a
temperature of 650 °C, sample a. The
second part was burned by the muffle
furnace directly to a temperature of
300oC and kept at this temperature for
30 min, and then the temperature was
raised gradually from 300 °C to 500 °C,
at a rate of 50°C per 15 minutes, and
kept it at this temperature until the
smoke out stopped. The temperature
raising continued at the same previous
rate to 650°C Sample b. The two
samples were annealed at 650 °C for
5h. Fig.1 illustrate a schematic diagram
for the adopted furnace.
The RHA samples then came out
from the furnace, after cooling to room
temperature inside the furnace. Finally,
the obtained ash powders were
weighed and saved in a suitable
container for further investigations.

Methods
1. Raw materials
RH was obtained from a local rice
milling company in Najaf farms in
Iraq. Hydrochloric acid (35 %, Merck,
India). All chemicals were of
Analytical Reagent (AR) grade and
used directly without purification.
Finally, distilled water supplied from
our lab.
2. Procedure
2.1. Rice husk ash preparation
The RH was sieved using a 300 μm
sieve for removal the remains of small
rice and to eliminate clay particles,
then was washed thoroughly; firstly,
with water and secondly with distilled
water to remove any dust or adhering
impurities
And were completely soaked in HCl
solution at the concentration of (1M)
for a period of one day. And then were
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Fig .1: Furnace used to control the combustion process.

The RHA samples were then
soaked in a hydrochloric acid HCl
(0.5N) for a one day, with stirring
occasionally, to remove some of the
remaining oxides, in order to get high
purity silicate, sample (a to b) and (c to
d) as shown in Fig. 2.

Additional thermal treatment in this
work was employed by increasing the
burning temperature for a sample of
RH to 1000 °C, the effect of high heat
treatment on the structural properties
for RHA has been analyzed. Fig. 2
shows the photograph of the resulting
RHA samples.

a

b

c

d

Fig. 2: Photograph of a, b, c, and d samples.

mass loss from 9% to ~50%.
Thereafter, the third phase was
finished at 440 °C with ~54 % mass
loss, this phase may represent to the
decomposition of relatively long
chain carbonaceous material. In the
fourth phase, it was finished at
480 °C with ~61 % mass loss. This
corresponded
to
the
totally
converting of the carbons solid
contain to gaseous carbon oxides. In

Results and discussion
Fig. 3 exhibits the TGA results of
RH tested in an atmospheric
environment. In the first phase, the
moisture was removed from RH and
this is at 125 °C as indicated by ~5%
from the mass loss at this
temperature. The second phase
was representing the thermal
decomposition, which started at
256 °C and ended at 375 °C with the
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the region from 480 °C to 600 °C, it
is usually referred to as a negative
area,
because no
significant
reduction in mass is observed which
ingreement with [10]. In the final
stage, mass loss was not interesting
until 650°C, and did not record any
decline in the mass after this stage

[11]. It is important to mention here
is our observations of the behavior
of thermal decomposition during
TGA results, the temperature for
thermal treatment of acid-leached
RH was chosen to be 650 °C to
convert RH into white RHA.

Fig. 3: Thermogravimetry (TGA) curves of RH in the nitrogen atmosphere.

Table 1 shows the percentage of RH
components before and after chemical
treatment by hydrochloric acid,
examined by XRF. Where the results
showed high-efficiency acid treatment
in the removal of potash oxide K2O,
where the removal of up to 99 % of the
potassium concentration which could
not remove by washing with water,
because it does not dissolve easily in
water.
It is worth noting that the high
percentage of potassium oxide is the
cause of the gray color of the ash, Gray
indicates high ratios of carbon or the
impurity ratio is high. This due to the
strong interaction between potassium
and silica which causes a form of
potassium poly-silicate (K2SiO3) on
the surface of the RH from the first
hour of combustion. It prevents carbon
contact with the air so carbon does not
volatilize even when combustion hours
are increased [12, 13].

Table 1: XRF compositional analysis of
RH.
washed by
washed by
Materials
H2O
HCl as well
SiO2
22.73 %
24.12 %
KO2
0.742 %
0.0066 %
Metal oxides
1.878 %
1.4833 %
Organic
74.65 %
74.3901 %
component

Table 2 shows the effect of
combustion method and chemical
treatment on the production of white
ash from RH with high purity of silica.
As noted from the sample (a), when
the RH is treated with HCl, and the
heat treatment at high temperature
650 °C, the impurity ratio is high. This
was due to the emergence of
polysilicate K2SiO3 on the surface of
the RH, sample (b) the acid treatment
of sample (a) was carried out, and a
decrease in impurities was observed
with an increase in silica purity.
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Table 2: XRF compositional analysis of RHA samples.
Contain

a

b

c

d

SiO2

91.12%

95.79%

98.02%

98.8%

MgO

0.354%

0.25%

0.002%

---

P2O5

1.15%

1.033%

0.78%

0.67%

K2O

3.19%

0.67%

0.055%

0.0013%

CaO

2.12%

1.35%

0.512%

0.15%

Fe2O3

0.772%

0.4%

0.233%

0.16%

Others

1.294%

0.507%

0.398%

0.2187%

At sample (c), the RH was slowly
heated from 300 oC up to 650 oC,
during slow-heating, carbon oxidation
in the RH was already taking place in
the temperature band of 150 – 350oC
before the dissociation of potassium
oxide at 347oC.Resulting in significant
removal of impurities, led to producing
white RHA, however, some black
particles still exist. The result at the
sample (d) appeared, that combined of
acid treatment by HCl (0.5M) for RH
before and after the combustion
process.
To obtain high-purity silica, the
RHA that utilized followed sample (c)
recipe should be soaked in HCl (0.5M)
to remove more impurities. The purity
of RHA was reached about 99 % by the
final procedure (sample d).

The X-Ray Diffraction (XRD) of
the RHA obtained from combustion of
RH at 650°C sample(d), is shown in
Fig. (4a). No specific peaks
corresponding to the Bragg 2θ angles
was observed. A broad hump was
observed spanning the 2θ angle range
of 18-30⁰ which is distinguished from
the amorphous structure of silica. The
lack of sharp peaks in this spectrum
can confirm that acid treatment of RH
did not affect the silica structure.
As the annealing temperature rises
to 1000 °C, sharp peaks were raised,
besides the amorphous peaks, this
indicates that some crystallites have
been formed at 1000 °C in the RH
combustion, as shown in Fig.(4b). This
is consistent with conclusions of James
and Rao [14].
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Fig. 4: XRD of RHA annealed (a) at 650 °C (b) at 1000 °C.

Table 3 shows the RHA components
annealed at of 1000 °C by XRF, it is
clear that there is a significant
reduction in the oxides percentage, it
can interpret the result of reaching the
degree of volatilization of some
oxides.

extraction of silica from RHA. It
exhibits a potentially valuable, cheap
alternative to the more expensive
natural and synthetic silica for
numerous industrial applications. This
quest has stimulated a new-found
interest in stuff from agro-waste
materials
having
potential
’recyclability’.
Their
abundant
availability, low-cost and recyclability
has become a most important powerful
factor in their utilization as industrial
raw -materials.

Table 3: Components of RHA heat
treated at a temperature of 1000 oC.
Materials
Weight percentage
SiO2

99.02%

MgO

0%

P2O5

0.52%

K2O

0%

CaO

0.311%

Fe2O3

0.067%

Others

0.082%
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