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Effect of Allophane from Gamalama Volcanic Soil on Properties of BiOI-Allophane Composite
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2.4 eV due to the various allophane amount.

INTRODUCTION

Semiconductor material could potentially be used as an
electrode photofuel cells to generate electricity or as a photo-
catalyst decomposing contaminants [1-3]. Among some
semiconductor materials, TiO, has a high photocatalytic
activity and high stability. But performance is limited to the
UV region caused by the large energy gap. UV rays that enter
the earth’s surface are so few that the application would be
very limited in both TiO, as a photocatalyst or photofuel. It’s
required a semiconductor material that can absorb visible light
waves. BiOIl is a semiconductor material with a band gap (E,)
value between 1.83-1.7 eV and able to absorb visible light (A
< 700 nm) [3]. Various synthesis methods of BiOI have been
studied and ability as photocatalysts under visible light has
already been studied.

Semiconductor materials performance as photocatalysts
and photofuel depends on sorption capacity and the band gap
energy. Sorption capacity of a material depends heavily on
surface area and particle size. To increase the adsorption capacity,
various methods have been tried and known in advance. One
method that is most often attempted, by composites the semi-
conductor material with a porous material, such as zeolite,
clay minerals, silica and activated carbon [4]. Composite of
semiconductor materials such as TiO, montmorillonite [5],
kaolinite and hectorit [6] and hydroxyapatite [7], had been
proven able to improve the photocatalytic activity and affected
the value of band gap energy (E,). Allophane from the volcanic
soil of mount gamalama was chosen as a host material BiOI
nanocomposite. Allophane is expected to increase the surface
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area of BiOl. This study was used a hydrothermal method to
distribute BiOI into allophane framework. The influence of
the allophane through the BiOl-allophane composites are
discuss in this work.

EXPERIMENTAL

Allophane put into the mix of 5 mmol Bi(NOs),-5H,O
and 5 mmol KI previously dissolved separately by using 15 mL
of ethylene glycol and 15 mL of deionized water. Composites
were made using 0.25 g allophane (BiO-A1), 0.5 g (BiO-A2)
and 1 g (BiO-A3). The mixture is then stirred for 30 min and
then put in autoclave for hydrothermal treatment in 180 °C
for 24 h. The resulting precipitates were collected by centri-
fugation, washed with deionized water to remove unreacted
ions. The composites were then dried at 80 °C for 8 h and
characterized by using FTIR, XRD, SEM, TEM and BET
analysis, as well as UV visible diffuse reflectance to determine
the effect of the amount of allophane.

RESULTS AND DISCUSSION

XRD characterization results of allophane, BiOI, Bi-Al,
Bi-A2 and Bi-A3 is shown in Fig. 1. Based on the picture, it
appears that there are some differences between the diffraction
peaks between the raw material and the composite. Allophane
showed low diffraction peaks in each diffraction angle as
characteristic for amorphous materials. BiOI diffraction peaks
are not much different from that indicated by BiO-A1l, BiO-
A2 and BiO-A3. Diffraction peaks of BiOI at 25°, 29° and
31° shown increases of intensity that may be caused by changes
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in particle size BiOI which becomes smaller with the presence
of allo-phane. In addition, it can be seen several peaks become
widen that may be caused by the presence of amorphous
material allophane that affect the size of the crystal unit BiOI

[8].
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Fig. 1. XRD difractograms of allophane, BiO-Al, BiO-A2, BiO-A3

Distribution of BiOI on the surface allophane more evenly
due to the increasing amount of allophane. It is shown in Fig. 2,
SEM images of the allophane, BiO-A1, BiO-A2 and BiO-A3.
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SEM image of BIO-A1, showed that there are many BiOI still
present in plate form. It is different from the composite BiO-
A2 and BiO-A3 where BiOI dispersed with form “like a net”
covered the surface of allophane. Diameter composite BiO-
A2 and BiO-A3 are not homogeneous due to the nature of
allophane, irregular spherule with varying diameter [9-11].
Increasing the amount of allophane cause BiOI-Allophane
diameter size be-comes smaller. Fig. 2 shows the BiO-A2 size
diameter between 1-2.5 um, BiO-A3 between 0.25-1.5 pm.
The surface area measurement of allophane, BiOI, BiO-
Al, BiO-A2 and BiO-A3 (Table-1) shows that the surface area
increases after BiOI be composited with the allophane which
has a surface area of 125-158 m* g”'. Increased of surface area
is also shown on the composite sample BiO-A1, BiO-A2, BiO-
A3 ranging from 30.796, 38.966 and 63.240 m’ g, respectively.
BiOlI surface area showed changes after its composite with
allophane. Distribution of BiOl in the framework of allophane
cause BiOlI particle size becomes smaller so that the surface
area to be increased. BET analysis results from each of the
resultant composite indicates excellent potential to be applied
as a photocatalyst or photofuel. The resulting composite
surface area is much larger than BiOI nanoplate and nanosheets
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Fig. 2. SEM Images of (A) allophane; (B) BiO-A1l; (C) BiO-A2; (D) BiO-A3
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TABLE-1
BET SURFACE ANALYZER, E,, Ey;, Ec; DATA
Samples Ager (ng_l) E, (eV) Eyg (V) Ecs (eV)
Allophane 125.158 - - -

BiOI 30.122 1.60 2.25 0.65
BiO-Al 30.796 1.75 2.32 0.57
BiO-A2 38.966 1.89 2.39 0.50
BiO-A3 63.240 2.40 2.65 0.25

produced by Lee et al. [12] and Li et al. [13] is 0.08-7.20 m?
g',22.3m’ g, respectively.

Evs =Y —E. + 0.5 E, (1)
ECB = EVB b Eg (2)

By using the UV spectral data-DRS band gap energy BiOI
and the composites were determined using the Kubelka-Munk
method. Valence band-edge potential (Eyg) and the conduction
band edge (Ecg) is determined by using eqns. 1 and 2, where
Eys is valence band-edge potential () are the electronegativity
absolute constituent atoms, E. energy of free electrons in the
hydrogen scale (4.5 eV), Eg and the Ecg are respectively the
energy band gap and the conduction band edge energy. The
values of E,, Evg and the Ecy are presented in Table-1. The E,
value of the sample BiOI, BiO-Al, BiO-A2 and BiO-A3 as
shown in Table-1, respectively 1.60, 1.75, 1.89 and 2.4 eV. Extra
allophane show the effect on the value of the energy band gap
composites. Increasing the number of allophane used in
composites caused greater value of E,. The energy band gap
of a semiconductor material that is between the valence band
and the conduction band increases with decrease of particle
size [14]. Bismuth oxyiodides has the ability to absorb visible
light [8,15]. Samples BiOI, BiO-Al, BiO-A2 and BiO-A3
which resulted in this study are also demonstrated an ability
to absorb visible light in the wavelength range 200-800 nm.
This is verified by the results of the characterization of UV-
visible diffuse reflectance (DRS) (Fig. 3). Based on the data
presented in Table-1 and the spectra in Fig. 3 can be concluded
that the composite BiOI-allophane from gamalama volcanic
soil has the potential to be applied as electrodes fotofuel or
photocatalyst with visible light irradiation. The composite’s
properties are afeected by the amount of allophane.
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Fig. 3. UV-DRS spectra of BiOI and BiOI-Allophane composite

Conclusion

Composite BiOI-allophane from gamalama volcanic soil
has the potential to be applied as a photocatalyst or photofuel
under visible light radiation. Increasing the amount of allophane
increase the surface area of 30.122 to 63.240 m> g'. E, value of
the resulted composite is vary from 1.6-2.4 eV due to the various
amount of allophane.
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