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Abstract
A large number of hydroxyl functional groups makes allophane very suitable
to be applied as a catalyst in the modification of various functional groups of
chemical compounds, such as cellulose hydrolysis reactions. The presence of
allophane in Gamalama volcanic soil has been identified and characterized
that is one type of clay that has been used for various things such as
adsorbents and catalyst support materials for hemicellulose decomposition
from various biomass plants. The structure and surface properties of allophane
are very important in determining the application. Modification of structures
and surfaces can be done with the help of heating and chemical agents such as
sulfuric acid. In this study, the surface of allophane was modified using
sulfuric acid and figured out the effect of sulfuric acid concentration on it.
Allophane that already separated from Gamalama volcanic soil are sulfonated
by immerse with sulfuric acid 2,4, and 6 M with 60oC temperature maintain.
Sulfonated allophane then characterized with FTIR, XRD, and SEM to figured
out the effect of sulfuric acid. Sulfuric acid has an effect to allophane surface
that is make more uniform the surface in plate form with length 0.2 µm.
Higher sulfuric acid concentration reduce the surface area of allophane.
Keywords : Sulfuric acid, sulfonation, allophane, Gamalama volcanic soil.
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INTRODUCTION
North Maluku Province is one of the eastern regions of Indonesia that is rich in
allophane potential. The existence of five active volcanoes that have erupted and
produced millions of tons of volcanic soil has become a great potential in the
development of allophane-based nanotechnology for various applications. Allophane
is a nanomaterial contained in volcanic soil having a size of 3.5-5.0 nm with a very
large specific surface area of around 300 m2g-1 [1]–[3], theoretically has a high ability
as a solid catalyst for various reactions. The number of hydroxyl functional groups on
the surface of the allophane is far more than the various other mesopore silica
materials which are around 8.6 ± 1.9 nm-2. A large number of hydroxyl functional
groups makes allophane very suitable to be applied as a catalyst in the modification of
various functional groups of chemical compounds, such as cellulose hydrolysis
reactions [3]. In Gamalama volcanic soil has been identified and characterized by the
presence of allophane with a diameter of 4 nm, Si / Al ratio 1.45, and a surface area of
125,158 g m-2[4][5]. Allophane is one type of clay that has been used for various
things such as adsorbents and catalyst support materials for hemicellulose
decomposition from various biomass plants [3][6]. The structure and surface
properties of allophane are very important in determining the application.
Modification of structures and surfaces can be done with the help of heating and
chemical agents such as sulfuric acid. Some researchers have carried out sulfonation
studies using sulfuric acid in several other types of clay such as bentonite [7],
kaolinite [8], and pillared clay [9]. In this study, the surface of allophane was
modified using sulfuric acid and figured out the effect of sulfuric acid concentration
on it.
EXPERIMENTAL
Volcanic soil samples from Mount Gamalama were first reduced for 3 days. The
drying process is carried out only with air help. After drying, the soil sample is further
crushed to 200 mesh size. A number of dry samples were added with distilled water to
then condition the acidity level with a pH range of 4 and 10. The addition of HCl was
done to condition pH 4, and for pH 10 was done by addition of NaOH. The sample is
then poured for 10-20 hours in room temperature. The colloidal layer at a distance of
about 10 cm from the surface of the solution is taken and then coagulated with the
addition of NaCl.
The deposits produced from the coagulation process are separated from the solution to
then be inserted into the dialysis membrane. The membrane is then immersed in
distilled water to remove NaCl from the sediment. As an indicator, AgNO3 was used
to ensure the precipitate was free of NaCl. After that, the fraction is then centrifuged
to separate the deposits. The final step in the allophane extraction stage is drying the
sediment. As much as 1 gram of allophane and 15 mL of H2SO4 are stirred for 2 hours
and heating 60oC. The concentration of sulfuric acid used was 2, 4, and 6 M.
Allophane sulfonated by H2SO4 2, 4, 6 M, in this article denoted as allo-2, allo-4, and
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allo-6. To determine the effect of acid concentration on the surface of allophane, then
characterized using FTIR, XRD, and SEM.
RESULTS AND DISCUSSION
The FTIR characterization results (Fig.1) show high absorption at wavenumbers
3448.72 cm-1, 1635.64 cm-1, 1033.85 cm-1, 910.40 cm-1, 532.35 cm-1,439.77 cm-1, and
316.33 cm-1. Some previous researchers have successfully characterized the allophane
structure using FTIR spectroscopy and found an absorbing peak that was obtained in
this study. The peak at wave number 3448.72 cm-1 indicates the presence of hydroxyl
groups which may be derived from silanol or aluminol. This statement is consistent
with Bonelli et al. (2009), which states that absorption of the peak in the range
3800-3000 cm-1 is the absorption area for stretching of the OH hydroxyl group [10].
The existence of Si-O-Si vibration is 1000 cm-1 - 1100 cm-1[11]. Figure 1 shows the
absorption peak for an indication of Si-O-Si presence at wave number 1033.85 cm-1.
The absorption peak at 1635 cm-1 wave number is an indication of water molecular
bending which has also been proposed by (Bonelli et al., 2013; Cipta et al., 2017).
The peak at 910.40 cm-1 indication of Si-O-Al stretching which is characteristic of
aluminol or Al-allophane mineralized aluminosilicate [13]. The absorption peak at
532.35 cm-1 wave number is an indication of Al octahedral [14].

Fig. 1. FTIR Spectra of allophane and sulfonated allophane Gamalama
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The effect of the concentration of sulfuric acid on the allophane structure of
Gamalama, began to be seen in the treatment of H2SO4 4 M and 6 M. The
characteristics of the sulfonate group were found at wave numbers around 1070-1200
cm-1. The peak 2 M sulfonated allophane acid did not appear, but it appeared on
sulfonated allophane 4 M and 6 M. The absorption peak at wave number 1087.85 cm-1
was a stretching vibration character O = S = O found in alo-4 FTIR spectra then
shifted to 1103.28 cm-1 on alo-6. This shows an indication of the binding of the SO3H
group from sulfuric acid to aluminol or silanol groups of allophane. With increasing
concentrations of H2SO4, the absorption peak at wave number 1400 cm-1 increases
and widens. This might be caused by two things, namely, the first formation of
hydrogen bonding interactions between the sulfonate group and the allophane active
group. Second, perhaps due to the hydrophilic nature of SO3H it causes an increase in
allophane retention of water.

Fig. 2. XRD of Allophane and Sulfonated allophane Gamalama
The decrease in absorption intensity at wave numbers 513 cm-1 is shown by alo-4 and
alo-6 which indicate the possibility of increasing the dealumination or dissolution of
al octahedral by sulfuric acid. Although the dealumination process occurs, the acid
treatment has not yet reached the stage of destruction of the allophane structure. This
is indicated by the XRD difractogram (Figure 2) and SEM photos (Figure 3).
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Fig. 3. SEM images of (A) allophane and (B) Allo-6 Gamalama
Figure 2, which is the result of XRD characterization shows a high peak at 2theta 7.8o
(3.09 Å) and 19.38o (6.7 Å) commonly found for low order regular aluminosilicate
minerals. Based on Figure 3, after sulfonated allophane using H2SO4 6 M there was a
shift and a decrease in intensity of 2 absorption peaks at 2θ (7.8o) and 19.38o. This
indicates a change in the composition of allophane structure which may be caused by
the dissolution of the octahedral layer by sulfuric acid. This statement is supported by
SEM photos of allophane shown in Figure 3. From SEM images, it appears that
allophane surface changes after sulfonated by sulfuric acid 6M.
Table 1. SBET of allophane and sulfonated allophane Gamalama
Samples
Allo
Allo-2
Allo-4 Allo-6
2 -1
SBET(m g ) 125.158* 105.240 83.966 70.122
*From Cipta et.al (2017)
The structure in the form of irregular spherule which initially dominated before
sulfuric acid treatment, disappeared after being given 6 M sulfuric acid. Allophane
Gamalama becomes dominated by a more uniform plate shape with a length of about
0.2 µm. This causes a decrease in SBET surface area of allophane as presented in
table 1. The surface area decreases with increasing concentration of sulfuric acid.
CONCLUSION
Sulfuric acid 6 M make allophane surface became more uniform in plate shape. The
irregular spherule that dominated allophane change into uniform plate shape with a
length of about 0.2 µm. This acid treatment has not yet reached the stage of
destruction of the allophane structure which is confirmed by XRD difractogram.
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