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Abstract

Mesoporous silica was produced by sol-gel technique using rice husk ash as a silica source which
was applied in the drug delivery system. The drug releasing behavior was studied in phosphate buffer using
indigo carmine as a drug model. The textural properties of mesoporous silica were characterized and
considered with the result of the releasing study. The pore volume and silanol group on the surface of
mesoporous silica affected the releasing behavior. The larger pore volume could contain the larger amount
of drug which showed fast release. The effect of the silanol group presented an interaction between the drug

molecule and silanol group resulting in slower releasing.

Introduction

Mesoporous silica materials have been
discovered more than ten years ago. There were
various textural properties which depended on the
synthesis conditions.""” Mesoporous silica had
challenging properties which can be applied in the
delivery system. These properties could be adjusted to
specific releasing molecule.” There were many
research articles on mesoporous silica in delivery
application. The mesoporous silica was tested in
encapsulation and releasing of direct blue dye.”
There were some types of mesoporous silica which
can encapsulate the dye. Porous hollow silica was
used as drug carrier.* ¥ It collected the drug in the
cavity in the core and released it back through the
shell pore. Pore and morphology of mesoporous
silica could be regulated and it had effect on the
releasing behavior.®)  Mesoporous silica was
functionalized which was selective releasing. The
hybrid organic and inorganic system improved the
functional surface of silica and biocompatibility.”
However, the mesoporous silica still have the
problem of high production cost before becoming
silica precursor from chemical substance. Research
reported on the preparation of mesoporous silica
from rice husk ash.”'” The rice husk ash is waste
from agriculture which can reduce production cost

of mesoporous silica. The present research work
applied mesoporous silica from rice husk ash in
controlled releasing application. The relation
between physical properties of mesoporous silica
from various synthesis conditions and releasing
behavior was studied.

Materials and Experimental Procedures

Material

The experiment used pluronic P123 (Aldrich,
USA) and indigo carmine (Himedia, India). as structure
directing agent and drug model, respectively. Rice
husk was obtained from Pathumtani, Thailand.

Preparation of Rice Husk Ash

Rice husk was treated by 4 M hydrochloric
acid for 3 hours under reflux condition. The treated
rice husk was washed by distilled water for acid
removal and dried at 100°C for 3 hours. The rice
husk was combusted at 600°C for 1 hour."
Sodium hydroxide, deionized water and rice husk
ash were mixed in the the weight ratio of 0.295:
7.38: 1. The mixture was heated at 100°C and
vigorously stirred for 2 hours.
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Synthesis of Mesoporous Silica and Characterization

The mechanism of mesoporous silica synthesis
was generated via supramolecular templating and
sol-gel method (Figure 1). Two grams of pluronic
P123 were dissolved in 72 ml of 2 M HCI and
stirred for 4 hours. Pluronic P123 in mixture of rice
husk ash and sodium hydroxide at the ratio of 3:1
has poured into the previous solution and stirred
for specified reaction time (20, 30 and 63 hours).
Hydrothermal treatment was applied after the end
of the reaction time. The mixture was filtered,
dried at 100°C for 6 hours and calcined at 600°C
for 3 hours to obtain the mesoporous silica. The
mesoporous silica was analyzed the textural properties
by nitrogen adsorption desorption technique. The
microstructure of mesoporous silica was studied by
transmission electron microscope, TEM (JSM2010,
JEOL). The amount of functional group of surface
was quantified by fourier transform infrared spectrometer.

Surfactant
micelles

Mesoporous
silica

Calcination
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Figure 1. Mechanism of mesoporous silica synthesis

Study of Indigo Carmine Loading and Releasing

The mesoporous silica was dried at 100°C
for 6 hours and soaked in 0.5% wt of indigo
carmine for 48 hours under vacuum condition,
respectively. It was filtered and dried at a temperature of
60°C for 6 hours. The amount of drug loading was
calculated by the weight difference before and after
drug loading. In the releasing study, five hundred
milligrams of drug loaded mesoporous silica were
placed in 100 ml phosphate buffer (pH=7) as a
simulated body fluid. The releasing of indigo
carmine was measured by UV-vis spectrophotometer
(CECIL, CE1010) at A= 610.2 nm. One milliliter of
simulated fluid was taken every minute for the first
thirty minutes, and after that one time in every
thirty minutes.

Results and discussion

Characterization of Mesoporous Silica

Table 1 presents the textural properties of
mesoporous silica at various synthesis conditions.
Two synthesis temperatures were studied at 30°C
and 60°C. The synthesis temperature affected
the surface area and pore volume. The surface area
and pore volume decreased from 251.0m*/g and
1.085cm’/g to 182.8m%g and 0.797cm’/g while
increasing synthesis temperature from 30°C to
60°C. High temperature reduced surface area and
pore volume because the micelle was not stable at
high temperature. The longer reaction time
enhanced pore volume and pore diameter due to a
higher degree of condensation. Hydrothermal
treatment increased the pore diameter and pore
volume because hydrothermal treatment which
operates at high temperature and pressure expands
the silica framework.

Table 1. Textural properties of mesoporous silica (various synthesis conditions)

Reaction Hydrothermal Surface area )
Temperature ) ) Pore volume Pore diameter
Sample o time time (BET) R
(C) ] (cm’/g) (nm)
(h) (h) (m/g)
A 30 20 24 251.0 1.085 17.29
B 60 20 24 182.8 0.797 17.43
C 60 30 24 2573 1.286 19.99
D 60 63 24 246.9 1.631 30.08
E 60 30 0 94.79 0.372 15.70
F 60 30 48 227.8 1.195 20.98




63

Utilization of Rice Husk Ash Silica in Controlled Releasing Application

The relative amount of the silanol group
was studied by comparison of the FT-IR peak
intensity at wave number 3400-3600 cm™ as shown
in Figure 2. The effect of the higher reaction temperature
was a large amount of silanol group (Figure 2(a))
because higher temperature induced more silica
networks with a larger amount of silanol group. The
amount of silanol group was also enhanced by longer
reaction time and hydrothermal time, which is
presented in Figure 2(b) and 2(c), respectively.
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Figure 2. FT-IR Spectra of mesoporous silica from
variation of each parameter; (a) reaction
temperature, (b) reaction time, (c) hydrothermal
time

The microstructure of mesoporous silica
from rice husk ash was ordered long range tubular
structure which is presented in TEM micrograph
(Figure 3(a)). After loading of indigo carmine,
TEM micrograph presented mesoporous silica tube
contained indigo carmine molecule as shown in
Figure 3(b).

(b)

Figure 3. TEM micrograph of mesoporous silica from
rice husk ash (a) mesoporous silica (b)
indigocarmine loaded mesoporous silica

Loading and Releasing Study

The percentages of indigo carmine loading
are shown in Table 2. The textural properties and
amounts of the silanol group affected the indigo
carmine loading. The larger pore volume can
contain a larger amount of indigo carmine as
shown in samples A, C and F. The sample E
showed very low indigo carmine loading due to
small pore volume. Comparing samples B and C,
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sample B had lower pore volume than sample C,
but the sample B and C presented nearly
percentage of indigo carmine loading due to the
effect of the silanol group. The silanol group can
attract molecules of indigo carmine via hydrogen
bonding to increase the efficiency of indigo
carmine collecting as shown in Figure 3. Sample D
had low indigo carmine loading (3.87%) which
was the largest pore diameter (30.08 nm). The
large pore diameter permitted the free movement
of indigo carmine through the pore of mesoporous
silica due to absent steric diffusion resistance.”
Therefore, mesoporous silica collected only a small
amount of indigo carmine.

Table 2. Loading percentage of indigo carmine from
mesoporous silica from rice husk ash

Reaction Hydrothermal Loading
Temperature . - percentage of
Sample o time time L

(°0) (h) (h) indigo

carmine
A 30 20 24 16.9
B 60 20 24 13.5
C 60 30 24 12.2
D 60 63 24 3.87
E 60 30 0 1.14
F 60 30 48 16.5

The releasing behavior of indigo carmine
consisted of two stages as shown in Figures 4-6.
The first stage was fast releasing from adsorbed
indigo carmine in external surface. Secondly, the
indigo carmine from porous of silica was released
slowly which was mainly affected by the textural
properties and the silanol group. The releasing rate
depended on the amount of indigo carmine loading.
The mesoporous silica sample B gave higher
percentage loading than sample A (Table 2) which
also released faster as shown in Figure 4.

Figure 4. Interaction between silanol group and indigo
carmine molecule

The releasing behavior of indigo carmine
in Figure 5 shows the effect of the silanol group
which is presented in sample C. Sample C
contained nearly the same indigo carmine as
sample B, but sample C showed faster releasing
than sample B. From Figure 2(b), sample C had a
lower silanol group than sample C. Silanol group
played the interaction force with indigo carmine
molecule (Figure 3).
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Figure 5. Releasing profiles of indigo carmine from
mesoporous silica synthesized from rice
husk ash at various reaction temperatures
(a) releasing time 90 min (b) releasing
time 20 min

The hydrothermal effect is presented in
Figure 6. The highest amount of loading indigo
carmine was released within five minutes because
loaded indigo carmine was adsorbed by silanol
group in theexternal surface. Hydrothemal treatment
can enhance the silanol group in the external
surface. This is corroborated by the fact that the
longest hydrothermal time showed the largest
amount of silanol group as shown in Figure 2(c).
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Figure 6. Releasing profiles of indigo carmine from
mesoporous silica synthesized from rice husk
ash at various reaction times (a) releasing
time 90 min (b) releasing time 20 min

Conclusions

The variation of synthesis conditions provided
different physical properties of mesoporous silica
from rice husk ash as pore volume, pore diameter
and the amount of silanol group. These properties
influenced indigo carmine releasing behavior. The
pore volume had the major effect on indigo carmine
loading which affects the driving force of the
concentration between silica particle and buffer
solution. The silanol group also affected loading and
releasing behavior because the hydroxyl group
interacts with indigo carmine molecule by
hydrogen bonding.
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