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ABSTRACT 
Synthesis of Co-NH2/mesoporous silica bifunctional catalyst for conversion of used cooking oil into biofuel was 
carried out. Synthesis of mesoporous silica (MS) was done by the hydrothermal method using silica from Sidoarjo 
mud and gelatin from bovine bone as a template. Weight ratio variation of silica/gelatin was 4, 6, and 8 produced 
MS4, MS6, and MS8 respectively characterized by FTIR. The MS with minimum gelatin content after calcination 
(MS8) was identified using FTIR, TEM, and SAA. The impregnation of Co into the MS8 was done by the wet 
impregnation method and the Co/MS8 catalyst was analyzed using XRF and acidity test with NH3 vapor adsorption. 
Functionalization of NH2 into the MS8 and Co/MS8 was done by the grafting method and the products were 
characterized using FTIR. The catalytic activity test in used cooking oil hydrocracking was done by thermal 
(without catalyst), physical mixture of Co/MS8 and NH2/MS8 catalyst, and Co-NH2/MS8 bifunctional catalyst. The 
hydrocracking liquid products were investigated by GC-MS. The MS8 had a specific surface area of 666.76 m2 g-1, a 
pore diameter of 4.9 nm, and a pore volume of 0.46 cm3 g-1. The Co-NH2/MS8 bifunctional catalyst produced the 
highest liquid product of 97.62 wt.% in the hydrocracking of used cooking oil with selectivity for gasoline and 
diesel fraction of 3.02 and 46.86 wt.%.  
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INTRODUCTION 
Research on the synthesis of mesoporous silica (MS)1,2 as MCM-412 and SBA-154 has been carried out 
widely. However, most of the used silica is synthetic silica (TEOS, TMOS, sodium silicate, etc) which is 
less green material. Therefore, synthetic silica is replaced with the extracted silica from natural materials 
such as fly ash, rice husk, and mud.5 Based on research, the highest component of Sidoarjo mud is silica.6 
One important factor in the synthesis of mesoporous material is the selection of a template. A cationic 
surfactant such as Cetyl Trimethyl Ammonium Bromide (CTAB) is often used as a template in the 
synthesis of MCM-41.7  However, the type of surfactant is difficultly degradable and can cause 
environmental pollution. Neutral surfactant is more easily degraded in nature so it is a more friendly 
environment. One of the neutral surfactants that can be used as a template in the synthesis of MS material 
is gelatin.8 Gelatin can be extracted from natural materials such as bovine bone.9 Gelatin contains many 
amine groups (-NH2) that have a high affinity for interacting firmly with silanol (Si-OH) groups in silica 
groups through collective hydrogen bonds.1 
Generally, the MS is synthesized using hydrothermal method.10 The MS contained only pure silica 
material which has a weak Lewis acid site, so it is difficult to be used directly as a catalyst and adsorbent.  
Lewis acid site will be increased if the structure of the MS is embedded in a transition metal.11,12 
Impregnation of transition metals such as cobalt can increase acidity by giving Lewis acid sites to the 
carrier material.13 This is because cobalt has empty d orbitals that can accept electrons. Heterogeneous 
catalysts still have a disadvantage that feared the occurrence of leaching metal or compound in the MCM-
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41. Prevention of leaching needs the modification of catalyst which has active sites bonded strongly in 
MCM-41 such as amino-silane.14 The combination of these materials (cobalt metal, amine group, and 
mesoporous silica) results in a Co-NH2/MS catalyst which will be tested for its activity in used cooking 
oil hydrocracking. 
Used cooking oil contains free fatty acids which is one of the potential biofuel feedstocks to be used in 
Indonesia. The conversion of used cooking oil is the most important process to provide a new and 
renewable energy source.15 Based on Kandel and co-workers' research, Ni-NH2/MS catalyst had 
selectivity to capture the free fatty acids and convert them into hydrocarbons.16 The study reported that 
the Ni-NH2/MS catalyst as bifunctional material yielded 72 wt.% conversion of the oleic acid in the 
microalgae oil into liquid hydrocarbons. However, the materials used are Tetramethyl Orthosilicate 
(TMOS) as a source of silica and neutral block copolymer pluronic P104 surfactants as a template. Both 
of these materials are synthetic so they are less green materials. 
Based on the description above, the author will synthesize Co-NH2/MS based on silica extracted by 
Sidoarjo mud and template from gelatin extracted by bovine bone to produce the catalyst of 
hydrocracking process in used cooking oil into gasoline and diesel fraction. 
 

EXPERIMENTAL 
Materials 
There is Lapindo mud produced in Sidoarjo, bovine bone from the Yogyakarta market, NaOH (p.a), HCl 
37% (p.a), Co(NO3)2•6H2O, amine group from 3-aminopropyl trimethoxysilane (3-APTMS), toluene, 
methanol, acetic acid 100% (p.a), and sulfuric acid 98% (p.a). All chemical materials are obtained from 
E-Merck (Germany). Besides, there are aquadest, aquabidest, and used cooking oil.  
 
Extraction of Silica from Sidoarjo Mud 
The extraction of silica was accomplished according to Triyono et al research17. The Sidoarjo mud was 
cleaned and washed with aquadest and dried. The Sidoarjo mud was sieved up to 100 mesh. 100 g of 
Sidoarjo mud was refluxed with 250 mL of 6 M HCl solution for 3 h at 90 °C, then 300 mL of 6 M NaOH 
solution for 16 h (discontinue) at 90 °C. The filtrate was disjoined from the solids by the filtration 
method. The 20 mL of supernatant was titrated using 3 M HCl solution up till pH 8. The white deposit 
was filtered out and cleaned with aquadest and heated for 24 h at 100°C, producing SiO2 then analyzed 
using FTIR.  
 
Extraction of Gelatin From Bovine Bone 
The extraction of gelatin was based on Pongsendana et al research9. The bones were cleaned and washed 
with aquadest. Before gelatin extraction, the bovine bone was soaked in an acetic acid 4% with a 
bone/solution (1:2 w/v) for 3 d. After filtered, washed with aquadest until pH 5, and dried, the sample was 
then pretreated with NaOH 1 M by ratio 1:6 (w/v) for 24 h and washed until pH 5 again. After that, the 
sample was pretreated again with 1 M HCl by ratio 1:3 (w/v) for 1 h, followed by hydrolysis process 
using aquabidest with ratio 1:4 (w/v) for 5 h at a temperature of 70 °C, filtered and dried in an oven at 50 
°C. The gelatin obtained was then characterized by FTIR. 
 
Synthesis of Mesoporous Silica (MS)  
The synthesis of mesoporous silica was based on Kusumastuti et al research11. The mesoporous silica 
materials (MS) were synthesized with variations of silica/gelatin weight ratios of 4, 6, and 8 to produce 
MS4, MS6, and MS8 respectively. Synthesis of MS4 was carried out by adding 1 g of gelatin dissolved in 
25 g of aquabidest, stirred for 30 m and heated at 40 ºC (solution 1). In the other polypropylene beaker, 2 
g of SiO2 dissolved in 1.5 M NaOH solution (mole ratio of 1:2) to solve Na2SiO3. 4 g of sodium silicate 
solution dissolved in 25 g of aquabidest, stirred and heated at 40 ºC. 0.1 M Sulfuric acid was entered into 
the Na2SiO3 solution until pH 4 (Solution 2). Solution 2 was poured out to solution 1 and the mixture was 
stirred for 1 h. The formed gel solution was transferred into an autoclave and hydrothermally carried out 
for 24 h at 100 °C. Finally, the product was separated, cleaned with aquadest, heated at 80 °C, analyzed 
by FTIR, and calcined for 5 h at 550 °C. The material was then investigated by FTIR and the MS with 
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minimum gelatin content after calcination (MSx) was characterized by FTIR, SAA, and TEM. For the 
weight ratio of silica/gelatin 6 and 8 made also by following the same procedure. 
 
Synthesis of Co-MS Catalyst 
The MSx sample was poured into a Co(NO3)2•6H2O solution (0.2 g of salt precursor in 50 mL aquadest 
(8% Co content)) while stirring for 24 h, it was filtered, then dried in an oven at 70 ºC, followed by 
reduction with H2 gas at 450 ºC for 3 h to produce Co/MSx catalyst. The Co/MSx catalyst was 
characterized by XRF to analyze element content. Acidity was determined using NH3 vapor adsorption. 
Acidity means the total acid amount (mmol) calculated from NH3 vapor absorbed on the surface of 
solid/gram solid multiple by the molecular weight of ammonia.  
 
Synthesis of Co-NH2/MS Bifunctional Catalyst 
The 3-APTMS compound was refluxed in toluene solution for about 20 m at a temperature of 90 ºC. Each 
of the MSx and Co/MSx was calcined and added into the solution. The reflux process remained for 5 h at 
90 ºC. The solid was separated from the solvent by centrifugation in 2000 rpm for 20 m. The solid was 
washed with toluene once followed by methanol twice. Then, it was dried for 24 h at 50 ºC to result in 
NH2/MSx and Co-NH2/MSx characterized using FTIR. 
 
Catalyst Activity Test 
The catalytic activity was tested in used cooking oil hydrocracking by thermal (without catalyst), physical 
mixture of Co/MSx and NH2/MSx catalyst, and Co-NH2/MSx bifunctional catalyst. The weight ratio of 
used cooking oil/catalyst was 5. The catalyst activity tests were done in a stainless steel reactor (l: 30 cm, 
id: 1.6 cm, od: 2 cm) of the semi-batch system at 450 °C for 3 h under H2 gas flow. Products of 
hydrocracking consisted of liquid, coke, and gas fractions.  
 
The liquid fraction (%) = (weight of the liquid/weight of the oil) x 100.   
The coke fraction (%) = deposited carbon on catalyst surface/weight of oil x 100.  
The gas fraction (%) = [100 - (liquid + coke) fractions] 
The liquid product was analyzed by GC-MS. The selectivity of the catalysts (%) toward gasoline 
(hydrocarbon compounds of C5-C12), diesel oil (hydrocarbon compounds of C13-C17) and others 
(compounds in the liquid fraction except gasoline and diesel oil) were calculated from the GC-MS area 
(%) multiple by weight percent of liquid fraction.  
 
Detection Method 
The functional groups of all samples were determined using Fourier Transform Infrared spectrometer 
(FTIR, Shimadzu Prestige-21), Surface Area Analyzer (SAA, Quantachrome NovaWin2 1200e version 
2.2) was used to determine the surface parameters (surface area, pore-volume, and pore diameter) of the 
sample. The pore morphology was taken using a Transmission Electron Microscope (TEM, JEOL JEM-
1400). The liquid produced by hydrocracking of used cooking oil was analyzed using gas 
chromatography-mass spectrometry (GC-MS, Shimadzu QP2010S). The acidity test of all samples was 
carried using the gravimetric method with ammonia vapor as the adsorbate. The sample was aged in the 
desiccator for 24 h. The increase in the weight of the sample was measured to determine the amount of 
ammonia vapor bound to the sample. The metal content of the samples was analyzed by X-ray 
Fluorescence (XRF, PANalytical MiPal 4).   
 

RESULTS AND DISCUSSION 
Characterization of Silica from Sidoarjo Mud 
Fig.-1 shows are characteristic of the FTIR absorption bond for the extraction of silica from Sidoarjo 
mud. It had the bending vibration of Si-O-Si at a wavenumber of 470 cm-1, symmetry stretching vibration 
of Si-O-Si at a wavenumber of 802 cm-1, asymmetry stretching vibration of Si-O-Si at a wavenumber of 
1096 cm-1, bending vibration of Si-OH at a wavenumber of 1636 cm-1, and stretching vibration of Si-OH 
at a wavenumber of 3449 cm-1.   
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In general, the absorption band
(Si-OH) and siloxane groups (Si
it can be repeated the application of silica extraction methods according to what has been 
previous researchers17,18. The interpretation of the FTIR result shows silica successfully extracted from 
the mud as it had a functional group typical of silica. 
 

Fig.
 
Characterization of Bovine Bone Gelatin 
The identification of gelatin functional groups obtained from the extraction of bovine bone ca
using FTIR. Trisunaryanti et al19

amide A, amide B, amide I, amide II and amide III. Amide A appears at a wavenumber of about 3600
3400 cm-1 which shows the stretching vibration of NH and OH groups. Amide B appears at wavenumbers 
3000-2800 cm-1 which is a stretching vibration of CH
cm-1 which shows the stretching vibration of C=O and the bending vibration of NH into the plane. 
II appears at wave number 1575
stretching vibration of CN. Amide III appears at wave number 1240
of stretching vibration of CN and NH deformati
the wagging vibration of CH2 functional groups from the 
 

Based on Fig.-2, amide A is observed
NH and OH, while amide B absorption at wave number 2924 cm
vibration of CH2 and at 2855 cm
1659 cm-1. Amide I vibration is stretching of C=
show the characteristic of the coil gelatin structure. The appearance of the peak in the amide I region 
indicates that the triple helix structure of collagen has turned into
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absorption bands appearing on the spectrum of silica were
OH) and siloxane groups (Si-O-Si). This research on silica extraction from Sidoarjo mud proves that 

it can be repeated the application of silica extraction methods according to what has been 
The interpretation of the FTIR result shows silica successfully extracted from 

the mud as it had a functional group typical of silica.  

Fig.-1: FTIR Spectrum of Silica from Sidoarjo Mud 

Bovine Bone Gelatin  
The identification of gelatin functional groups obtained from the extraction of bovine bone ca

19 indicate 5 amide regions which are typical groups of gelatin, namely 
mide II and amide III. Amide A appears at a wavenumber of about 3600

which shows the stretching vibration of NH and OH groups. Amide B appears at wavenumbers 
which is a stretching vibration of CH2. Amide I appears at the wave numbe

which shows the stretching vibration of C=O and the bending vibration of NH into the plane. 
1575-1480 cm-1 which shows bending vibration of NH into the plane and 

stretching vibration of CN. Amide III appears at wave number 1240-670 cm-1 which shows a combination 
of CN and NH deformation from amide linkage. The absorption that arises fro

functional groups from the glycine and proline side chains.

Fig.-2: FTIR Spectrum of Bovine Bone Gelatin 
 

observed at wave number 3410 cm-1 which shows the stretching vibrations of 
NH and OH, while amide B absorption at wave number 2924 cm-1  shows the asymmetry stretching 

and at 2855 cm-1  shows symmetry stretching of CH2. The amide I appear on uptake of 
ibration is stretching of C=O which is coupled with stretching of CN. This amide I 

show the characteristic of the coil gelatin structure. The appearance of the peak in the amide I region 
indicates that the triple helix structure of collagen has turned into a coil20. The amide II region appears in 
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ng on the spectrum of silica were silanol  
Si). This research on silica extraction from Sidoarjo mud proves that 

it can be repeated the application of silica extraction methods according to what has been done by the 
The interpretation of the FTIR result shows silica successfully extracted from 

 

The identification of gelatin functional groups obtained from the extraction of bovine bone can be done 
5 amide regions which are typical groups of gelatin, namely 

mide II and amide III. Amide A appears at a wavenumber of about 3600-
which shows the stretching vibration of NH and OH groups. Amide B appears at wavenumbers 

. Amide I appears at the wave number 1700-1600 
which shows the stretching vibration of C=O and the bending vibration of NH into the plane. Amide 

which shows bending vibration of NH into the plane and 
which shows a combination 

bsorption that arises from 
glycine and proline side chains. 

 

which shows the stretching vibrations of 
shows the asymmetry stretching 

. The amide I appear on uptake of 
O which is coupled with stretching of CN. This amide I 

show the characteristic of the coil gelatin structure. The appearance of the peak in the amide I region 
. The amide II region appears in 
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the absorption of 1551 cm-1 which shows bending vibration of NH and stretching vibration of CN. Bovine 
bone gelatin also shows the presence of an amide III band at 1242 cm
the molecular triple helix state and transformation of α helical into irregular rolls 
collagen denaturation into gelatin. Based on the result of i
observed that extracted gelatin contains the main gr
Pongsendana et al9 so that it can be said that the gelatin 
worked. Therefore, the gelatin can be applied
since the gelatin has many amino functional groups (
OH) groups in silicate groups through hydrogen bonds to form material mesoporous silica (MS).
 
Characterization of Mesoporous Silica (
Characterization by FTIR was carried out to determine the functional groups found in MS both before and 
after the calcination process and confirm the success of the calcination process in removing the template 
from neutral (non-ionic) surfactants, 
the ratio of the weight of silica/gelatin: 4, 6, and 8 were carried out to produce MS4, MS6, and MS8.
3 showed the FTIR spectra of MS4, MS6, and MS8 before and after calcination. It was intended to prove 
that through the calcination process, it could be eliminated 

Fig.-3: FTIR Spectra MS4 (a) After

From Fig.-3, FTIR spectra show appearance typical vibration of gelatin and silica. Gelatin was 
as peaks at 2924, 2854, and 1543 cm
Peaks indicated as the typical peak of silica app
(stretching of Si-OH), 1636 and 1659 cm
stretching of Si-O-Si), 802 cm-1 (sym
This outcome was similar to the result obtained by Yang et

  Vol. 13 | No. 1 |723 – 73

727 
       

which shows bending vibration of NH and stretching vibration of CN. Bovine 
bone gelatin also shows the presence of an amide III band at 1242 cm-1 uptake which indicated the loss of 

olecular triple helix state and transformation of α helical into irregular rolls 
denaturation into gelatin. Based on the result of interpretation with FTIR in Fig.

gelatin contains the main group of gelatin. The result of this study is following 
so that it can be said that the gelatin extraction from bovine bone was successfully 

erefore, the gelatin can be applied as a template in the synthesis of mesoporous
the gelatin has many amino functional groups (-NH2) which will interact strongly with silanol (Si

through hydrogen bonds to form material mesoporous silica (MS).

Mesoporous Silica (MS) Material 
Characterization by FTIR was carried out to determine the functional groups found in MS both before and 
after the calcination process and confirm the success of the calcination process in removing the template 

ionic) surfactants, namely gelatin. In the synthesis of MS material three variations in 
the ratio of the weight of silica/gelatin: 4, 6, and 8 were carried out to produce MS4, MS6, and MS8.

MS4, MS6, and MS8 before and after calcination. It was intended to prove 
that through the calcination process, it could be eliminated from the gelatin template. 

fter (b) Before Calcination; MS6 (c) After (d) Before C
After (f) Before Calcination 

 
3, FTIR spectra show appearance typical vibration of gelatin and silica. Gelatin was 

, and 1543 cm-1 that were stretching vibration of CH2 and bending vibration of NH. 
typical peak of silica appeared respectively at 3310, 3394

OH), 1636 and 1659 cm-1 (bending of Si-OH), 1096 and 1103 cm
(symmetry stretching of Si-O-Si), 463 and 471 cm

the result obtained by Yang et al.21 It can be concluded that the synthesis of 
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which shows bending vibration of NH and stretching vibration of CN. Bovine 
uptake which indicated the loss of 

olecular triple helix state and transformation of α helical into irregular rolls in consequence of 
nterpretation with FTIR in Fig.-2, it can be 

oup of gelatin. The result of this study is following 
from bovine bone was successfully 

as a template in the synthesis of mesoporous silica (MS) 
) which will interact strongly with silanol (Si-

through hydrogen bonds to form material mesoporous silica (MS). 

Characterization by FTIR was carried out to determine the functional groups found in MS both before and 
after the calcination process and confirm the success of the calcination process in removing the template 

namely gelatin. In the synthesis of MS material three variations in 
the ratio of the weight of silica/gelatin: 4, 6, and 8 were carried out to produce MS4, MS6, and MS8. Fig.-

MS4, MS6, and MS8 before and after calcination. It was intended to prove 
from the gelatin template.  

 
Before Calcination; MS6 (c) After (d) Before Calcination; and MS8 (e) 

3, FTIR spectra show appearance typical vibration of gelatin and silica. Gelatin was indicated 
and bending vibration of NH. 

eared respectively at 3310, 3394, and 3410 cm-1 
OH), 1096 and 1103 cm-1 (asymmetry 

Si), 463 and 471 cm-1 (bending of Si-O-Si). 
It can be concluded that the synthesis of 



Co-NH2/MESOPOROUS SILICA  

material MS4, MS6, and MS8 has been successfully carried out by showing the exis
groups of gelatin prints and silicate frames in FTIR spectra. Formation of frames in MS4, MS6, and MS8 
with gelatin template is caused by the occurrence of hydrogen bonds between amino
NH2) in gelatin with silanol (Si
weight of silica/gelatin does not have much effect on the wavenumber of vibrational peak that appears, 
but only affects the peak intensity.
After calcination, the FTIR spectra of gelatin
that the calcination process was 
calcination, the increasing weight ratio of silica/gelatin resulted in the typical peak intensity gelat
appears to be weakened even disappeared. Gelatin is one of the organic compounds that will be damaged, 
lost or degraded at very high temperatures, for example, 550 ºC. Also, inorganic compounds will be 
difficult to damage, loss or degrade even when
minimum gelatin content after calcination had MS8. The elimination of the template was done to make 
the formation of the pore of MS. From the information it can be 
been successfully carried out. This result was in agreement with the result obtained by Triyono et
 

The analysis using the Transmission Electron Microscope (TEM) instrument aims to determine the 
morphology and regularity of the synthesized MS8. 
dark part of the TEM image shows the presence of solids or the dominance of the presence of surfactants 
which are the pore walls. On the other hand, in the bright part of the TEM image, there is a part that has 
no solid or a small amount of surfa
synthesized MS8 does not show pore regularity. This synthesized MS8 only shows pore regularities such 
as wormhole-like because bovine bone gelatin which is used as a non
is under the study reported by Wang et al
 

Fig.
The presence of hysteresis loops in Fig.
gas adsorption-desorption isotherm pattern leading to type IV classification (IUPAC standard). The 
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material MS4, MS6, and MS8 has been successfully carried out by showing the exis
groups of gelatin prints and silicate frames in FTIR spectra. Formation of frames in MS4, MS6, and MS8 
with gelatin template is caused by the occurrence of hydrogen bonds between amino

) in gelatin with silanol (Si-OH) groups in sodium silicate. While the variation in the ratio of the 
weight of silica/gelatin does not have much effect on the wavenumber of vibrational peak that appears, 
but only affects the peak intensity. 

the FTIR spectra of gelatin characteristics was disappeared. This 
that the calcination process was powerful to eliminate gelatin from the MS framework. On the 
calcination, the increasing weight ratio of silica/gelatin resulted in the typical peak intensity gelat
appears to be weakened even disappeared. Gelatin is one of the organic compounds that will be damaged, 
lost or degraded at very high temperatures, for example, 550 ºC. Also, inorganic compounds will be 
difficult to damage, loss or degrade even when carried out at very high temperatures. The MS with 
minimum gelatin content after calcination had MS8. The elimination of the template was done to make 
the formation of the pore of MS. From the information it can be deduced that the calcination process has
been successfully carried out. This result was in agreement with the result obtained by Triyono et

 
Fig.-4: TEM  Image of MS8 

 
The analysis using the Transmission Electron Microscope (TEM) instrument aims to determine the 
morphology and regularity of the synthesized MS8. Fig.-4. shows TEM image of the 
dark part of the TEM image shows the presence of solids or the dominance of the presence of surfactants 
which are the pore walls. On the other hand, in the bright part of the TEM image, there is a part that has 
no solid or a small amount of surfactant so that it is a hollow space. When viewed from its regularity, the 
synthesized MS8 does not show pore regularity. This synthesized MS8 only shows pore regularities such 

like because bovine bone gelatin which is used as a non-ionic templat
is under the study reported by Wang et al8 that MS has a pore shape like a wormhole. 

Fig.-5: N2 Adsorption-desorption Isotherm of MS8 
nce of hysteresis loops in Fig.-5 shows the mesopore character in the MS8 material wi

desorption isotherm pattern leading to type IV classification (IUPAC standard). The 
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material MS4, MS6, and MS8 has been successfully carried out by showing the existence of typical 
groups of gelatin prints and silicate frames in FTIR spectra. Formation of frames in MS4, MS6, and MS8 
with gelatin template is caused by the occurrence of hydrogen bonds between amino-functional groups (-

H) groups in sodium silicate. While the variation in the ratio of the 
weight of silica/gelatin does not have much effect on the wavenumber of vibrational peak that appears, 

characteristics was disappeared. This occurrence indicated 
to eliminate gelatin from the MS framework. On the 

calcination, the increasing weight ratio of silica/gelatin resulted in the typical peak intensity gelatin that 
appears to be weakened even disappeared. Gelatin is one of the organic compounds that will be damaged, 
lost or degraded at very high temperatures, for example, 550 ºC. Also, inorganic compounds will be 

carried out at very high temperatures. The MS with 
minimum gelatin content after calcination had MS8. The elimination of the template was done to make 

that the calcination process has 
been successfully carried out. This result was in agreement with the result obtained by Triyono et al.6 

The analysis using the Transmission Electron Microscope (TEM) instrument aims to determine the 
of the resulted MS8. The 

dark part of the TEM image shows the presence of solids or the dominance of the presence of surfactants 
which are the pore walls. On the other hand, in the bright part of the TEM image, there is a part that has 

ctant so that it is a hollow space. When viewed from its regularity, the 
synthesized MS8 does not show pore regularity. This synthesized MS8 only shows pore regularities such 

ionic template has a low order. This 
that MS has a pore shape like a wormhole.  

 

shows the mesopore character in the MS8 material with the N2 
desorption isotherm pattern leading to type IV classification (IUPAC standard). The 
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pattern of adsorption-desorption isotherm of N
mesoporous material with its porous wal
loops formed in the P/P0 area 0.88
mesoporous capillaries which occur at different relative pressures. The hysteresis loops are included in 
the classification of H3 type hysteresis loops which do not show the limitations of adsorption at relatively 
high pressures. The appearance of hysteresis loops b
mesoporous structures shows that the MS8 material has been successfully synthesized.

Based on the desorption analysis of N
material is in the range of 31
supported by pore size distribution data. The pore size classification according to IUPAC
diameter of mesoporous material is 2
diameter distribution at 49.123 Å (4.9 nm). From these data, it can be observed that the synthesized MS8 
has a high pore diversity in the meso
based on BET analysis is 666.762 m
material is very well used as a catalyst support
volume of 0.46 cm3 g-1. 
 
Characterization of Co/MS8 M
The XRF analysis result shows that the metal consisted 
78.40%, 8.54%, 2.30%, 1.35%, 6.11%, 2.31%, and 0.99% respectively. It can be seen that there are three 
most dominant elements which are compositions of Co/MS8 catalysts namely Si, Ca, and Co. The 
composition of the Si element contained in the Co/MS8 catalyst is 78.40%, while the Co element is only 
6.11%. The composition of the Si element in the Co/MS8 catalyst is the most because the MS8 material is 
composed of Si-O-Si and Si-OH molecules shown by the FTIR spe
8.54% and Ni of 2.31% is due to sodium silicate 
already containing Ca and Ni elements. The Co element content of 6.11% indicates that the metal 
impregnation process in the MS8 sample has been successfully carried out. In developing metal Co with 
wet impregnation method, the Co metal which is intended to be treated is 8% (w/w), but after analysis 
using the XRF method, it is known that the Co element is embedded in MS8 is 
occurrence of leaching on the Co metal which was carried out on MS8. 
Based on the results of calculations regarding the determination of acidity, it was found that the acidity of 
the MS8 and Co/MS8 was 4.9 and 14.7 mmol/g. The Co
presence of Co metal in the Co/MS8 increases the number of acid sites of the catalyst. The increase in 
acidity is caused by the presence of empty 
in the embedded metal will act as Lewis acids by accepting a pair of free electrons from NH
 

Characterization of Co-NH2/MS8 M
According to Wu et al10, Cao et al
MCM-41 aims to minimize the possibility of leac
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desorption isotherm of N2 gas of type IV is the character of adsorption
mesoporous material with its porous wall having a relatively strong tensile force to the liquid. Hysteresis 

area 0.88-0.99 in Fig.-5 are the result of condensation and evaporation of 
capillaries which occur at different relative pressures. The hysteresis loops are included in 

the classification of H3 type hysteresis loops which do not show the limitations of adsorption at relatively 
high pressures. The appearance of hysteresis loops by the presence of capillary condensation on 
mesoporous structures shows that the MS8 material has been successfully synthesized.

Fig.-6: Pore Size Distribution of MS8 
 

Based on the desorption analysis of N2 gas, it can be seen that the pore distribution scattered in the MS8
material is in the range of 31-174 Å (3.1-17.4 nm). The adsorption-desorption isotherm pattern is 
supported by pore size distribution data. The pore size classification according to IUPAC

orous material is 2-50 nm. Fig.-6 shows that the MS8 has the most dominant pore
distribution at 49.123 Å (4.9 nm). From these data, it can be observed that the synthesized MS8 

has a high pore diversity in the mesopore region. Whereas the specific surface area of 
is 666.762 m2 g-1. This high surface area indicates that the synthesized MS8 

material is very well used as a catalyst support or carrier material. In addition, this 

Characterization of Co/MS8 Material  
The XRF analysis result shows that the metal consisted of Co/MS8 is Si, Ca, P, Fe, Co, Ni, and others of 
78.40%, 8.54%, 2.30%, 1.35%, 6.11%, 2.31%, and 0.99% respectively. It can be seen that there are three 
most dominant elements which are compositions of Co/MS8 catalysts namely Si, Ca, and Co. The 

of the Si element contained in the Co/MS8 catalyst is 78.40%, while the Co element is only 
6.11%. The composition of the Si element in the Co/MS8 catalyst is the most because the MS8 material is 

OH molecules shown by the FTIR spectrum. The presence of Ca element
8.54% and Ni of 2.31% is due to sodium silicate used from silica extracted in the synthesis of MS8 
already containing Ca and Ni elements. The Co element content of 6.11% indicates that the metal 

the MS8 sample has been successfully carried out. In developing metal Co with 
wet impregnation method, the Co metal which is intended to be treated is 8% (w/w), but after analysis 
using the XRF method, it is known that the Co element is embedded in MS8 is 6.11%. This is due to the 
occurrence of leaching on the Co metal which was carried out on MS8.  
Based on the results of calculations regarding the determination of acidity, it was found that the acidity of 
the MS8 and Co/MS8 was 4.9 and 14.7 mmol/g. The Co/MS8 had higher acidity than the MS8. The 
presence of Co metal in the Co/MS8 increases the number of acid sites of the catalyst. The increase in 
acidity is caused by the presence of empty d orbitals on Co metal provides Lewis acid site. Blank orbitals 

he embedded metal will act as Lewis acids by accepting a pair of free electrons from NH

/MS8 Material 
Cao et al22, and Triyono et al6 state that the addition of an amine group to the 

41 aims to minimize the possibility of leaching from the catalyst. In Fig.

49.123 
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gas of type IV is the character of adsorption-desorption of 
l having a relatively strong tensile force to the liquid. Hysteresis 

are the result of condensation and evaporation of 
capillaries which occur at different relative pressures. The hysteresis loops are included in 

the classification of H3 type hysteresis loops which do not show the limitations of adsorption at relatively 
y the presence of capillary condensation on 

mesoporous structures shows that the MS8 material has been successfully synthesized. 

 

gas, it can be seen that the pore distribution scattered in the MS8 
desorption isotherm pattern is 

supported by pore size distribution data. The pore size classification according to IUPAC states that the 
shows that the MS8 has the most dominant pore 

distribution at 49.123 Å (4.9 nm). From these data, it can be observed that the synthesized MS8 
surface area of the MS8 material 

. This high surface area indicates that the synthesized MS8 
In addition, this MS material has a pore 

Co/MS8 is Si, Ca, P, Fe, Co, Ni, and others of 
78.40%, 8.54%, 2.30%, 1.35%, 6.11%, 2.31%, and 0.99% respectively. It can be seen that there are three 
most dominant elements which are compositions of Co/MS8 catalysts namely Si, Ca, and Co. The 

of the Si element contained in the Co/MS8 catalyst is 78.40%, while the Co element is only 
6.11%. The composition of the Si element in the Co/MS8 catalyst is the most because the MS8 material is 

rum. The presence of Ca element of 
in the synthesis of MS8 

already containing Ca and Ni elements. The Co element content of 6.11% indicates that the metal 
the MS8 sample has been successfully carried out. In developing metal Co with 

wet impregnation method, the Co metal which is intended to be treated is 8% (w/w), but after analysis 
6.11%. This is due to the 

Based on the results of calculations regarding the determination of acidity, it was found that the acidity of 
/MS8 had higher acidity than the MS8. The 

presence of Co metal in the Co/MS8 increases the number of acid sites of the catalyst. The increase in 
orbitals on Co metal provides Lewis acid site. Blank orbitals 

he embedded metal will act as Lewis acids by accepting a pair of free electrons from NH3. 

that the addition of an amine group to the 
hing from the catalyst. In Fig.-7 shows that the MS8 



Co-NH2/MESOPOROUS SILICA  

FTIR spectra that have been carried out by NH
group vibration peak at wave number 2932 and 2862 cm
number 1528 cm-1, and vibration of CN at wave number 1096 cm
that appear in the MCM-41 functionalized amines can be estimated qu
3-APTMS compounds. They reported that the MCM
of the CH2 group from the 3-APTMS carbon chain at wavenumbers 2990 and 2890 cm
vibration of NH2 groups at wave
1200 cm-1. Triyono et al7 state that the high vibration of O
vibrations of the NH2 group at wave number 1560 cm
number 1560 cm-1 appears with a very small intensity. This can be explained by the addition of 3
with a very little amount, with a 5% N/Si ratio added during the grafting process.
 

Fig.-7: FTIR Spectra of (a) MS8, (b) NH
 
 
Activity Test of the Co-NH2/MS8 
Table-1 and 2 show the activity of the thermal, physical mixture of Co/MS8 and NH
Co-NH2/MS8 bifunctional catalyst on hydrocracking
catalyst produced liquid fraction higher than only using the thermal process (without catalyst). This 
condition could be described by the fact that the hydrocracking 
mechanism that can generate 
performed using the Co-NH2/MS8 bifunctional catalyst. It is because there was an impregnation of Co in 
the MS8 that can increase the acidity of catalyst for hydrocr
functionalization of NH2 molecule from 3
used cooking oil. The highest liquid product was 97.62
fraction of 3.02 and 46.86 wt.%
mixture of Co/MS8 and NH2/MS8 which on
the catalysts work individually. The NH
acids in used cooking oil, whereas the Co/MS8 catalyst works in the hydrocracking process. Meanwhile, 
the Co-NH2/MS8 bifunctional 
hydrocracking simultaneously. This result was in agreement with the result obtained by Kandel 
 

Table-1: Product D
Catalyst 

Liquid F
Without catalyst 

Co/MS8 and NH2/MS8 
Co-NH2/MS8 

Note: * Calculated from (Liquid Product 
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FTIR spectra that have been carried out by NH2 group grafting from the 3-APTMS compound have a CH
on peak at wave number 2932 and 2862 cm-1, scissoring vibration of NH

, and vibration of CN at wave number 1096 cm-1. Ortiz et al23 state
41 functionalized amines can be estimated qualitatively based on groups found in 

reported that the MCM-41 functionalized amine would show the vibration 
APTMS carbon chain at wavenumbers 2990 and 2890 cm

groups at wave number 1560 cm-1 while the vibration of C-N arises
that the high vibration of O-H from water at 1635.64 cm

group at wave number 1560 cm-1. Scissoring vibration of 
appears with a very small intensity. This can be explained by the addition of 3

with a very little amount, with a 5% N/Si ratio added during the grafting process. 

7: FTIR Spectra of (a) MS8, (b) NH2/MS8, (c) Co-NH2/MS8

/MS8 Catalyst 
1 and 2 show the activity of the thermal, physical mixture of Co/MS8 and NH

/MS8 bifunctional catalyst on hydrocracking of the used cooking oil. The result showed if using 
catalyst produced liquid fraction higher than only using the thermal process (without catalyst). This 
condition could be described by the fact that the hydrocracking by thermal happen

 more gas fraction24. The highest conversion of liquid products was 
/MS8 bifunctional catalyst. It is because there was an impregnation of Co in 

the MS8 that can increase the acidity of catalyst for hydrocracking, and was combined with the 
molecule from 3-APTMS that bind directly to the free fatty acids contained in 

used cooking oil. The highest liquid product was 97.62 wt.%  which consisted of gasoline and diesel oil 
46.86 wt.%. This yield is higher than the activity of the catalyst of the physical 

/MS8 which only produces the liquid product of 11 wt.%
the catalysts work individually. The NH2/MS8 catalyst works in the process of esterification of free fatty 
acids in used cooking oil, whereas the Co/MS8 catalyst works in the hydrocracking process. Meanwhile, 

/MS8 bifunctional catalyst works synergistically in the process of esterification and 
ltaneously. This result was in agreement with the result obtained by Kandel 

Product Distributions of used Cooking Oil Hydrocracking
Conversion (wt.%) 

Liquid Fraction* Gas Fraction 
8 87.80 
11 65.40 

97.62 0 
roduct Weight/Substrate Weight) x 100% 
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APTMS compound have a CH2 
, scissoring vibration of NH2 group at wave 

state that the new groups 
alitatively based on groups found in 

41 functionalized amine would show the vibration 
APTMS carbon chain at wavenumbers 2990 and 2890 cm-1. Scissoring 

arises in the area of 1000-
H from water at 1635.64 cm-1 can close the 

. Scissoring vibration of the NH2 group at wave 
appears with a very small intensity. This can be explained by the addition of 3-APTMS 

 

 
/MS8 

1 and 2 show the activity of the thermal, physical mixture of Co/MS8 and NH2/MS8 catalyst, and 
of the used cooking oil. The result showed if using 

catalyst produced liquid fraction higher than only using the thermal process (without catalyst). This 
by thermal happened via a radical 

. The highest conversion of liquid products was 
/MS8 bifunctional catalyst. It is because there was an impregnation of Co in 

acking, and was combined with the 
APTMS that bind directly to the free fatty acids contained in 

which consisted of gasoline and diesel oil 
is higher than the activity of the catalyst of the physical 

ly produces the liquid product of 11 wt.%. This is because of 
process of esterification of free fatty 

acids in used cooking oil, whereas the Co/MS8 catalyst works in the hydrocracking process. Meanwhile, 
catalyst works synergistically in the process of esterification and 

ltaneously. This result was in agreement with the result obtained by Kandel et al.16 

ydrocracking 

Cokes 
4.20 
23.60 
2.38 
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Table-2: Catalyst Selectivity towards Gasoline and Diesel Oil Fraction 

Catalyst 
Fractions in a Liquid Product (wt.%) 

Gasoline (C5 - C12)
 a Diesel (C13 - C17)

 b Others c 
Without catalyst 0.12 1.02 6.86 

Co/MS8 and NH2/MS8 8.94 1.05 1.01 
Co-NH2/MS8 3.02 46.86 47.74 

Notes: a) Calculated from (GC Area of C5 - C12  x % Liquid Product) 
b) Calculated from (GC Area of C13 - C17 x % Liquid Product) 
c) Others Compounds except for Gasoline and Diesel Oil Fractions from (Total Liquid – (a+b)) 
 

CONCLUSION 
Synthesis of mesoporous silica (MS) from silica Sidoarjo mud and bovine bone gelatin as a template had 
been effectively carried out. MS8 has minimum gelatin content after calcination.  MS8 had an acidity, 
pore diameter, specific surface area and pore volume of 4.9 mmol g-1, 4.9 nm, 666.762 m2 g-1, 2.67 cm3 g-

1, respectively. The Co metal content loaded on the MS8 by XRF was 6.11% and Co/MS8 had an acidity 
of 14.7 mmol g-1. The Co-NH2/MS8 of the bifunctional catalyst produced the highest liquid products of 
97.629 wt.% with the selectivity for gasoline and diesel fraction of 3.02 and 46.86 wt.% on hydrocracking 
of used cooking oil. 
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