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Characterization of Allophane from Gamalama Volcanic Soil, North Maluku, Indonesia
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In the isolated allophane, Si/Al ratio is 1.45.

INTRODUCTION

North Maluku is a province in Indonesia in which there
are five active volcanoes. The fifth of the volcano is Mount
Gamalama in Ternate, Gamkonora in Halmahera Barat, Ibu
and Dukono in North Halmahera and Kiebesi in South
Halmahera. Mount Gamalama, which located adjacent to the
Khairun University, Ternate, has erupted 60 times since 1538.
The eruption has produced millions of tons of volcanic soil
which contains a variety of very useful materials. One of the
materials contained in the volcanic soil is allophane particles
that are formed naturally in volcanic soil weathering processes
[1,2]. The existence of allophane in the volcanic soil of Mount
Gamalama has not been studied previously. This led to the
use of volcanic soil of Mount Gamalama until now is limited
to the agricultural sector or simply as an adsorbent pollutants.
In this study, allophane from the volcanic soil of Mount
Gamalama North Maluku was isolated and characterized by
using FTIR, XRD, TEM and SEM-EDX. Allophane is a non-
crystalline mineral aluminosilicate with Si/Al ratio between
0.5-2 and 3.5-5.0 nm in particle size [3-5].

EXPERIMENTAL

Allophane extraction from the volcanic soil of Mount
Gamalama was done by Henmi and Wada method [6] which
modified in accordance with the availability of laboratory
equipments. Gamalama volcanic soil sample was taken from
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Extraction of allophane particles from Gamalama volcanic soil have been performed and characterized by using FTIR, XRD, SEM-EDX
and TEM. Gamalama volcanic soil sample was dried in air for 5 days and crushed into 200 mesh particle size. The sample is then treated |
with 10 % H,0, and dispered at pH 10 by addition of 2 M NaOH. Colloid layer about 10 cm from the surface of the solution was taken
after decanted for 10-20 h. Allophane were collected by centrifuge. The FTIR spectra shows peaks which are vibration characteristic of
alluminosilicate. X-ray diffraction result proved that allophane is non-crystalline aluminosilicate mineral. TEM result has confirmed that |
the resulted allophane is spherule with diameter about 4 nm. The nature of allophane to form globular aggregates has confirmed by SEM. |

Keywords: Volcanic soil, Allophane, Non-crystalline, Aluminosilicate, Globular aggregates. |

30 cm depth and dried in air for 5 days, then crushed into 200
mesh particle size. The sample is then treated with 10 % H,O,
and dispered at pH 10 by addition of 2 M NaOH. The sample
was then decanted for 10-20 h in room temperature. Colloid
layer about 10 cm from the surface of the solution was taken
for later coagulated by addition of NaCl. The precipitate
results from the sedimentation process were separated from
the solution and then soaked in distilled water to remove NaCl.
As an indicator, AgNO; was used to ensure aliquot that has
been free from NaCl. Furthermore, the fraction is then centri-
fuged. The last step in the extraction of allophane is drying
process and characterized by FTIR, XRD, TEM and SEM-
EDX.

RESULTS AND DISCUSSION

Infrared spectroscopy method is a qualitative analysis to
determine the functional groups contained in allophane. FTIR
spectrum (Fig. 1) shows that the volcanic ash-soil have
absorption peaks at wave numbers 3670.54, 1867.09, 1199.72,
935.48 and 800.48 cm™. Absorption peak 3670.54 cm™ indicate
the possibility of OH stretching vibration of Si-OH or AI-OH.
Absorption peak at 1199.72 cm™ shows stretching of Si-O-Si
[7]. Asymmetric stretching Si-O-Si showed at 935.48 cm’,
800.48 cm' shows the symmetric vibration of Si-O-Si [8].

The FTIR spectra of allophane is showed OH stretching
vibration moved to 3417 cm™ may be due to the presence of
Al-OH Gibbsitic sheet of allophane. Absorption at wave number
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Fig. 1. Gamalama volcanic ash-soil and allophane FTIR spectra

2368 cm™ is characteristic of the presence of aliphatic organic
compounds [4]. This peak is become weaker due to H,O,
treatment. The OH vibrations of water molecules those are
still trapped within the framework of allophane is indicated
by absorption at 1635 cm™ [9]. Vibration at 1033,85 and 586
cm’™, respectively is an absorption for the Si-O-Al and Si-O-
Al in octahedral framework [10-12]. Absorption peak at 470,63
cm™ which is absence in volcanic ash-soil, indicated peculiar
wall structure of allophane ((HO) Si (OAL)s) [13].

X-ray diffraction of Gamalama volcanic ash-soil (Fig. 2)
show peaks at 20 = 22.0145° (d = 4.03); 30.3588° (d = 2.94);
35.7163° (d = 2.51), indicate cristobalite (JCPDS 11-695A).
Peaks at 20 = 25.1761° (d = 3.53); 29.1288° (d = 3.06) for
coesite (JCPDS 14-654). The highest intensity peak at 20 =
27.9451° (d = 3.18) is indicate the existence of albite (JCPDS
10-393). Those peaks are not shown in XRD of the allophane
and indicates its extraction succesfully done. The XRD analysis
of allophane shows the diffraction peaks at 26 27° (0.33 nm)
and 38.9° (0.23 nm) which is identified as a properties of amor-
phous materials. Low peak at almost all angles, especially
at 20 5.6°-12° (0.73 to 1.5 nm), showed low order in allophane
samples that have been separated from the volcanic soil of
Mount Gamalama. These results are in accordance with the
facts that allophane is a non-crystalline aluminosilicate.
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Fig. 2. XRD of Gamalama volcanic ash-soil and Allophane

Allophane particles are irregular spherule and tend to form
porous nano size aggregates with a dimeter 3.5-5.0 nm [14-
16]. Characterization using TEM (Fig. 3a) confirmed irregular
spherical structure of allophane with outer diameter is about
4 nm. The allophane aggregate shaped like a ball with its
diameter about 0.5 pm or 500 nm shown in Fig. 3b. Maeda
et al. [12] succesfully isolated allophane from pumice bed in
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Fig. 3. Allophane image by (a) TEM characterization, (b) SEM
characterization

Kanuma, obtained from Otsuka collection. The SEM micro-
graph of it, showed irregular spherule form with diameter about
300 nm. Si/Al ratio of allophane of Gamalama volcanic soil is
1.45 and from EDX spectra contain impurities 9.53 % Fe
(image not shown). Iyoda et al. [5] have found same result
that the natural allophane from New Zealand also contain
impurities such as Fe-minerals containing.

Conclusion

Gamalama volcanic soil has allophane potential that will
support the developments of nano material research in North
Maluku province. The resulted allophane that isolated from
Gamalama volcanic soil is irregular spherule with outer dia-
meter about 4 nm and 1.45 Si/Al ratio. Allophane globular
aggregates has diameter about 0.5um.
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