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ABSTRACT
Synthesis of silica-alumina mesoporous with the material based on Lapindo mud by template gelatin from catfish
bones using the sol-gel method has been performed. Lapindo mud contains Al and Si as much as 48.8 and 22.6 % so
can be leached. The leaching by HCl 6 M and NaOH 6M obtained dissolved Al and Si were 30,938 and 62,300 mg L 1
. The gelatin from catfish bones has typed with a molecular weight of 100 kDa. The Mesoporous Si-Al showed that
calcination at a temperature of 500C gave the best porosity with surface area, volume, and pore diameter of 133.076
m2g-1, 0.564 cc g-1, and 9.00 nm, respectively. The amorphous Si-Al character showed at 500C calcination, but at
600 and 700C crystals formed from alumina. TEM image showed mesoporous silica-alumina at 500C a wormhole
pore was formed, while at temperatures 600 and 700C, there was a decrease in the number of pores so that the surface
area of the material becomes small.
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INTRODUCTION
Alumino-silicate-based materials are of interest in several research fields on a wide scale. 1,2,3 The limitation
of the diffusion rate of reactants and products is a disadvantage in the process that uses this material. Several
attempts were made to overcome these shortcomings, such as the synthesis of pore materials with mesopore
sizes.2,4,5 To obtain mesoporous materials, surfactants can be used.6,7 The technique of using a template is
very interesting because of the ease of the procedure for obtaining material with controlled processes. 2 The
calcination temperature played an important role in the microstructure.8 The use of macromolecular proteins
as a director to the pore size of the material can be done.9 Gelatin is defined as a material resulting from
partial hydrolysis of collagen10,11,12, where the basic unit consists of 1050 amino acids.11 It is used as an
organic precursor (bio template) in porous materials due to the presence of functional groups that become
complexing agents for organometals such as Al3+ and Si4+, which are very important in the synthesis of
metal oxides with high metal dispersion and porosity.9,11 The use of gelatin as a template in the synthesis
of mesoporous materials has been carried out, including mesoporous alumina, 13 mesoporous
silica,11,14,15,16,17 and mesoporous silica-alumina.2,11,18,19,20 According to the research of Nuryanto et al18, 20,
Kusumastuti et al19, and Wiharti et al21, the catfish gelatin can use as a silica-alumina template. However,
in this study, variations in the calcination temperature have not been carried out. The synthesis of
aluminosilicates is determined by the sol-gel transition and the evolution of the structure in a multicomponent gel which is a derivative of the silica-alumina system.22 The quality of pore assembly in the
synthesis of mesoporous material depends on the method to remove the organic template from the
synthesized sample.23,24 The calcination temperature provides structural changes that are correlated with the
porosity and crystallinity of the structure.8, 25 Calcination temperature control can be used to maintain a high
area, large pore volume, and large pore diameter.24 The increase in calcination temperature in mesoporous
synthesis shows that the pore size will increase with the increase in temperature while the pore volume
tends to decrease.25 The temperature of calcination plays a role in the selectivity of structural and oxidation
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properties in synthetic materials.26 The right temperature conditions will give a high surface area and a pore
diameter as expected.25,26 Gelatin is decomposed from Si, Al, and Si-Al material at a temperature of 680 C
so calcination above this temperature means that the synthesized material does not have any gelatin
residue.11 This research was conducted to determine the effect of calcination temperature on the porosity of
the mesoporous silica-alumina synthesized from the extract of Lapindo mud by gelatin template from
catfish bones.

EXPERIMENTAL
Material and Methods
The Lapindo mud used in this study came from Sidoarjo, East Java, Indonesia, after cleaning, grinding, and
sieving 100 meshes, and then hen mineral content was analyzed by XRF. Gelatin material was catfish bones
from the shredded fish maker in the Pakem area of Sleman, Yogyakarta, Indonesia. Hydrochloric acid (HCl)
has been purchased from Mallinckrodt. The sodium hydroxide (NaOH) has been purchased from E-Merck.
All of the reagents used in this work were analytical grade and did not need to be purified.
General Procedure
1. Lapindo Mud Extraction
A 100 g of Lapindo mud passed 100 mesh sieving was refluxed with 6M HCl by composition 1/4 (w/V)
at a temperature of 90°C for 5 hours. Then the mixture was filtered to separate the filtrate and residue.
The filtrate was then drained until pH 13 using 3 M NaOH, then filtered to obtain the filtrate in the
form of Na-aluminate. The washed Lapindo mud residue was then refluxed with 6M NaOH with a ratio
of (w/V) at 90° for 5 hours, then filtered to obtain Na-silicate filtrate. The Si and Al content of the
Lapindo mud were analyzed by XRF, while Na-Aluminate and Na-Silicate solution was analyzed with
AAS.
2. Catfish Bone Gelatin Extraction
A 100 g of clean catfish bones were cut into small pieces soaked in hot water for 1 hour, then soaked
by 0.1M NaOH with a ratio of 1/5 (w/V) for 24 hours. Catfish bones were separated from NaOH and
washed with distilled water to pH 7, and the bones were soaked with 0.8 M HCl solution with a ratio
of 2/5 (w/V) 2 times each 30 minutes. Then the bones were then washed to neutral pH, then refluxed
with ion-free water with a comparison of bones/water of 1/4 (w/V) at a temperature of 70°C for 5 hours,
then filtered and the filtrate dried at 70°C for 24 hours and analyzed by FTIR and SDS-PAGE.
3. Synthesis of Mesoporous Silica-alumina
A 1.5 g of gelatin was dissolved with distilled water to 50 mL, then added dropwise 50 mL Na-silicate
and 50 mL Na-aluminate, while heating at 70°C and stirring rapidly for 4 hours. The mixture of Silicatealuminate-gelatin was then left to stand for 24 hours, then filtered and washed with ion-free water. The
solid sample obtained was then dried at 120°C for 24 hours, then calcined at 500, 600, and 700 °C
where the Si-Al were named SAMK5, SAMK6, and SAMK7, respectively.
Detection Method
The chemical composition of Lapindo mud was analyzed and determined using X-Ray Fluorescence
(Olympus Handheld XRF Analyzer Delta Premium DP-2000) with mining mode analysis. The functional
groups of all samples were determined using a Fourier Transform Infrared spectrometer (FTIR, Shimadzu
Prestige-21) equipped with a data station in the range of 400-4000 cm -1 with a KBr disc technique. Sodium
Dodecyl Sulphate-Poly Acrylamide Gel Electrophoresis (SDS-PAGE, ATTO PAGERUN ELMER 3110)
was used to determine the molecular weight distribution range of the gelatin. The surface parameters
(surface area, pore-volume, and pore diameter) of the samples were analyzed using Surface Area Analyzer
(SAA, Quantachrome NovaWin Series). The sample was firstly degassed at 200 C for 3 h. The analysis
was based on the physical adsorption of N2 gas at a batch temperature of 77.3 K and outgas temperature of
200 C. The equilibrium time for both physical adsorption and desorption of N2 gas was 120 sec. for each
measurement point with a pressure tolerance of 0.010/0.010 (ads/des). X-Ray Diffraction (XRD, Rigaku
MiniFlex 600) was used to observe the crystallinity of the MSA. The pore images were taken using
Transmission Electron Microscope (TEM, JEOL JEM-1400) at 120 kV accelerating voltage.
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RESULTS AND DISCUSSION
Extraction of Alumina and Silica from Lapindo Mud
The results of XRF analysis on the content of Al and Si in the Lapindo mud were 22.6 and 48.8%,
respectively. The first treatment was dissolving alumina with HCl. The solubility of Al in HCl is affected
by the concentration of acid, where the amount of Al will be obtained at high acid concentrations because
Al3+ ions are stable in acidic solutions.27,28,29,30,31 The solubility of alumina is also affected by heat and the
time of the dissolution process.29 Therefore, this study used 6 M HCl, a temperature of 90 C, and a time of
90 minutes. The initial extraction begins by destroying the aluminosilicate structure by breaking the Si-Al
bond.28 The process of dissolving Al into acid occurs according to the following reaction: 28,31,32
Al2Si2O5 (OH) + 6HCl ⇄ 2AlCl3 + 2SiO2 + 5H2O
AlO(OH) + 6HCl ⇄ 2AlCl3 + 4H2O
Fe2O3 + 6HCl ⇄ 2FeCl3 + 3 H2O

(1)
(2)
(3)

Al2O3 is easy to dissolve in acids but SiO2 is difficult to dissolve, so in this case, the Al solution is separated
by filtration.33 A high acid concentration will cause a high concentration of protons in a solution so metals
such as iron oxide will dissolve properly.31 Separation of Al from dissolved impurities is used with NaOH
solution by adjusting a certain pH so that the impurity will be deposited and NaAlO 2 in the solution so that
it can be separated by filtration.20, 27, 33 The results of the AAS analysis shows that dissolved Al was 30,938
mg L-1. The process follows the following reaction: 33, 32
AlCl3 + 3NaOH ⇄ Al(OH)3 + 3NaCl
FeCl3 + 3NaOH ⇄ Fe(OH)3 + 3NaCl
Al(OH)3 + NaOH ⇄ NaAlO2 + H2O

(4)
(5)
(6)

Silica was extracted from the remaining sludge using a 6 M NaOH by heating 90C for 5 hours. The analysis
using AAS obtained dissolved Si as much as 62,300.98 mg L-1. The dissolution of silica minerals follows
the following reaction:33,34
SiO2 + 2NaOH ⇄ Na2SiO3 + H2O

(7)

Extraction of Gelatin from Catfish Bones
Figure-1(a) shows the characterization of gelatin extracted using FTIR. The analysis results showed the
appearance of the amide-A absorption band, in the range 3309-3487 cm -1. Amide-A raises from the
stretching vibration of N-H,35 Amide A arises from the N-H stretching vibration, if the N-H vibration
involves hydrogen bonds, the position will shift to a lower frequency. 36 Amide-B appears at 2924-2931 cm1
which is associated with the asymmetric vibration =C-H as NH3+.35 The absorption band of amide B arises
due to the NH3 interaction of the peptide group.36 The amide absorption band I that appears at 1651 cm-1 is
the C=O stretching vibration of the amide group joining the NH2 bending vibration plane.17,35 Amide II
appeared in 1527 and 1543 cm-1 which is the absorption of the bending vibration of the N-H group and the
stretching vibration of C-N.35 Amide III which appears at 1242 and 1249 cm-1 is the peak combination of a
combination of C-N stretching vibration and C-H bending.37 Amide III can be an indication of random
damage to the helical structure and is associated with the rupture of the triple helix as a result of the
denaturation of collagen to produce gelatin.38
Figure-1(b) is the SDS-PAGE pattern of the resulting gelatin where the molecular weight produced is
around 100 kDa according to the standard, thus this gelatin is an  chain with a molecular weight of 90110 kDa.39 This shows that most of the triple helix of the  chain is not destroyed.40 This pattern does not
show the appearance of  and  chains or chains with molecular weights below 100 kDa.
Synthesis of Mesoporous Silica Alumina
Figure-2 shows the TGA data of the silica-alumina gelatin hybrid. The mass reduction of the silica-alumina
gelatin hybrid is divided into three steps, namely (I) 30-150 C, (II) 150-310 C, and (III) 310-700 C. Step
(I) is the step where water that is absorbed by gelatin will be released.11, 41 Step (II) at a temperature of 150310 C, there is a thermal decomposition of the precursor 11 and changes in the transition of gelatin around
1139
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210 C to a higher elasticity, allowing the formation of oxidized species above 230 C.41,42 Temperature
above 310 C occurs thermal degradation of gelatin to form CO and CO2 and other gases. Gelatin thermal
degradation lasts up to a temperature of 700C.11 Based on the results of the TGA analysis, this study uses
temperature variations of 500, 600, and 700C, respectively called SAMK5, SAMK6, and SAMK7. At a
temperature of 700C, the resulting silica-alumina no longer contains gelatin.

Fig.-1: (a) FTIR Spectra of Gelatin (b) SDS-PAGE Pattern of Gelatin

Fig.-2: Graph of TGA Analysis of the Silica-Alumina-Gelatin Hybrid

Figure-3 is a silica-alumina-mesoporous characterization using a surface area analyzer. The isotherm
pattern obtained from mesoporous silica-alumina with all variations of calcination temperature shows a
type IV isotherm pattern which indicates that the material has a pore structure with meso size. 25,43 Type IV
isotherm shows behavior in mesoporous which is determined by adsorbent-adsorbate interactions and also
interactions between molecules in a condensed state.43 The isotherm patterns of SAMK5, SAMK6, and
SAMK7 have an adsorption-desorption intersection point above p/p0 = 0.9 which indicates that there are
large pores and wide pore distribution.44 The resulting isothermic curve pattern (Table-1) shows the highest
successive surface area SAMK5> SAMK6> SAMK7.
Name
SAMK5
SAMK6
SAMK7

Table-1: Porosity Analysis Data for SAMK5, SAMK6, and SAMK7
Surface area
Pore diameter
Pore volume
Temperature (C)
(m2/g)
(nm)
(cc/g)
500
133.076
9.00
0.564
600
68.637
15.19
0.383
700
11.22
1.94
0.013

The results of the porosity analysis on mesoporous silica-alumina obtained from temperature variations
(Fig.-3) show that the higher the temperature used will cause a decrease in surface area. The pore diameter
at 500C calcination is lower than 600C, indicating that at a temperature of 500C, the pore formed has a
small diameter that has more uniformity than the temperature of 600C. At a calcination temperature of
500C, the decomposition of gelatin was quite effective so that the pore formed was small with a small pore
diameter and high surface area.8 Calcination at a temperature of 600C causes some of the pores to begin
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to collapse, oxidation of the gelatin to form pores with a wider diameter because some of the pores are lost,
reducing the surface area, and pore volume.8 The calcination temperature of 700C provides information
that it is possible that all the gelatin may have been lost (Fig.-3) but causes all the pores to collapse and
only pores are formed from between the mesoporous silica-alumina structures.

Fig.-3: Isotherm Curve of SAMK5, SAMK6, and SAMK7 (Insert: Pore Distribution (a) SAMK5 and SAMK6 (b)
SAMK7).

The graph of the pore distribution at 500 and 600C (Fig.-3a) shows that the porosity at the two calcination
temperatures has a mesoporous size to the macropore. The character at temperature 500C has a tendency
of pore distribution in the meso area from moderate to low, so it has an average pore radius at 9 nm with a
pore volume of 0.564 cc g-1. Calcination at a temperature of 600C gives a larger pore diameter than 500C,
this shows that most of the gelatin can be lost so that the resulting pore radius becomes larger. The pore
radius obtained at calcination with a temperature of 700C (Fig.-3b) indicates that all gelatin may have been
removed from the structure, however, the pores formed are also damaged, so the pore size tends to be small
and the surface area is also reduced.
Structural analysis using FTIR (Figure-4) shows the absorption in areas 400-1200 cm -1 is the absorption of
Al-O and Si-O.22 The absorption at the wave number 478 cm-1 is characteristic of the Si-O-Si deformation
mode,45 it is also related to the silica-amorphous characteristics.22 The absorption in the 802 cm-1 bands is
symmetrical stretching of T-O-T (T=Si/Al).45 The absorption at 1095 cm-1 is the asymmetry stretching
absorption of T-O-T. 22,45 The XR-Diffraction pattern obtained from the silica-alumina characterization is
presented in Figure-5. Calcination at a temperature of 500 C shows a broad peak at 2 = 22 in amorphous
silica.46 This peak is also owned by the material at 600 and 700 C calcination so this material contains
amorphous silica. At all calcination temperatures, peaks appear at 2 = 32 and 45.6 with high intensity at
600 and 700C calcination, this shows that calcination at these temperatures causes the formation of the Al2O3 structure.25 The peak that appears at 2 = 56.9 after calcination 600 and 700C is a characteristic of
the formation of -Al2O3. 47 This shows that the increase in temperature gives the effect of crystal formation.
TEM images (Fig.-6) show that the porosity at a calcination temperature of 500C (Fig.-6a) has a lot of
pores with a small enough pore diameter so that they have a larger surface area. At this temperature, pores
look like wormholes. Calcination at a temperature of 600C (Fig.-6b) tends to occur by sintering so that the
pore is dominated by large pores, thereby reducing the pore surface area. Calcination at a temperature of
700C (Fig.-6c) shows that all pores have collapsed then only a few pores are remaining, causing the surface
area to decrease sharply.
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Fig.-4: FTIR spectra of SAMK5, SAMK6, and SAMK7

Fig.-5: X-Ray Diffraction Pattern of SAMK5, SAMK6, and SAMK7 (

:  Al2O3 and

:  Al2O3)

Fig.-6: TEM image of (a) SAMK5 (b) SAMK6 (c) SAMK7

CONCLUSION
Mesoporous silica-alumina can be synthesized from Na-silicate and Na-aluminate solution from Lapindo
mud with gelatin template from catfish bone using the sol-gel method. The increase in temperature causes
a decrease in the surface area of the mesoporous silica-alumina material, where the highest surface area is
obtained at 500C calcination with surface area, volume, and pore diameter of 133.076 m 2 g-1, 0.564 ccg-1
and 9.00 nm, respectively. The FTIR results showed that all materials formed T-O-T (Si/Al) bonds, which
was shown by the presence of 802 cm-1 absorptions. The XRD diffractograms showed the amorphous SiAl character at 500C calcination, while at 600 and 700C crystals formed from alumina. TEM image shows
mesoporous silica-alumina at 500C a wormholes-like pore is formed, while at temperatures 600 and 700C
there is a decrease in the number of pores so that the surface area of the material becomes small.
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