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HYDROCHALCONE COMPOUNDS FROM INDONESIAN MEDICINAL PLANT, "SIRIH HUTAN", Piper aduncum (Piperaceae)

— R. Kartika, Sudrajat, Bustanussalam and P. Simanjuntak



A SPECTROSCOPIC EVIDENCE FOR REACTIVE OXYGEN SPECIES PRODUCTION BY L-TRYPTOPHAN PHOTO OXIDATION
FOR PGSA DENDRIMER-PROTOPORPHYRIN IX NANOFORMULATION

— M. Suresh Kumar, P. Aruna and S. Ganesan



SYNTHESIS AND ANTIOXIDANT EVALUATION OF SOME NEW ALLOBETULIN ESTERS

— S. Arrous, I. Boudebouz, O. Voronova, E.Plotnikov and A. Bakibaev



STUDY ON THE EFFECT OF QUARRY DUST ON DEFLECTION CHARACTERISTICSOF COCONUT SHELL CONCRETE SLAB

— S. Prakash Chandar and K.Gunasekaran



THE EFFECT OF TUNGSTEN DISULFIDE ADDITIVES AND SODIUM DODECYL SULFATE ON BASE OILS COMBINATIONS
COMPARED TO LUBRICANTS 10W-40 TO REDUCE FRICTION

— Susilawati, M. Hanifuddin and Y. P. Gultom



CHEMICAL COMPOSITION AND ANTIOXIDANT ACTIVITY OF THE ESSENTIAL OILS FROM WHITE AND GREEN LEAVES OF
NIGERIA-GROWN Ficus microcarpa

— O. Atolani, C.B. Adeosun, A.P. Oluyori and J.Olota



NOVEL SYNTHESIS AND CHARACTERISATION OF SOME BENZYLIDENE DERIVATIVES OF GLYCOSYL THIOCARBAMIDES

— Samidha S. Kadu and G. V. Korpe



MICROWAVE ASSISTED SYNTHESIS, QSAR AND MOLECULAR DOCKING STUDIES OF 2,4- THIAZOLIDINEDIONE
DERIVATIVES

— B. Geetha, G. Swarnalatha and G.V. Subba Reddy



A GREEN APPROACH FOR SYNTHESIS AND CHARACTERIZATION OF SILVER NANOPARTICLESAND THEIR ANTI-
MICROBIAL ACTIVITY

— M. Gopalakrishnan, A. Sheenu, Binny Varghese, J. Dharani and S. Saranya
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SYNTHESIS AND ANTIBACTERIAL ACTIVITY OF NOVEL 3- HYDROXY BENZOIC ACID HYBRID DERIVATIVES [PART II]

— Maruti S. Satpute, Vijay D. Gangan and Indu Shastri



SPECTRAL CHARACTERIZATIONS OF Cu2+ IONS DOPED CaZn2 (PO4)2 NANOPHOSPHOR

— P. Krishna Kishore Kumar, Y. Ramesh Babu and R.V.S.S.N.Ravikumar



COMPARISON OF OIL/WATER SEPARATING EFFICIENCY OF OLEOPHOBIC MEMBRANES BASED ON FLUORINE
CONTAINING AND FLUORINE NON-CONTAINING COATINGS

— F.R. Sultanov, Ch. Daulbayev, B. Bakbolat, A. Zhurintayeva, O.Daulbayev and Z.A. Mansurov



OPTIMIZATION AND VALIDATION OF RP-HPLC/UV DETECTION FOR SEVERAL COMPOUNDS SIMULTANEOUSLY IN SEMI-
PURIFIED EXTRACT OF WHITE TEA

— Shaum Shiyan, Triana Hertiani, Ronny Martien and Akhmad Kharis Nugroho



ACOUSTIC PROPERTIES OF BINARY LIQUID MIXTURES CONTAINING N-METHYL FORMAMIDE WITH ANILINES AT
DIFFERENT TEMPERATURES

— K. Govinda Raoand ShaikBabu



SYNTHESIS OF MESOPOROUS SILICA SBA-15 THROUGH SURFACTANT SET-UP AND HYDROTHERMAL PROCESS

— R. Thahir, A. W. Wahab, N. L. Na�e and I. Raya



KINETICS OF PENTAAMMINE COBALT(III) COMPLEXES OF α -HYDROXY ACIDS BY ISOQUINOLINIUM FLUOROCHROMATE
IN MICELLAR MEDIUM

— P. Rajkumar, G.Saraswathy, Z. Abdul Vaheith and A. Fiaz Ahamed


IMPROVEMENT OF THE CHARACTERISTIC OF POLYETHERSULFONE MEMBRANE BY BLENDING WITH BRIJ OF DIFFERENT
MOLECULAR WEIGHTS

— M. Y. Wahab, S. Muchtar, S. Mulyati, M. Riza, N. Arahman and M. A. A. Baig



POTENCY OF PAPER MILL WASTE AS RECYCLABLE POLYPROPYLENE FILLED WITH COCONUT FIBER COMPOSITE FOR
MITIGATIONAL MATERIAL

— Elda Pelita, Tengku Rachmi Hidayani and Dedy Rahmad



ORGANOLEPTIC ANALYSIS OF YOGURT WITH BANANA ADDITION AND STEVIA SWEETENERS

— M. Faisal, Saifullah and T. Mukhriza



CONTROLLED RELEASE OF THE ENCAPSULATED OF KARI (MURRAYA KOENIGII) LEAVE'S EXTRACT IN THE MATRIX OF
GELATIN-GUM ARABIC

— Jelita, Basuki Wirjosentono, Tamrin and Lamek Marpaung



ELECTROCATALYTIC OXIDATION OF TRYPTOPHAN AND TYROSINE USING DENSELY PACKED COBALT OXIDE SANDWICHED
GRAPHENE STACKS MODIFIED ELECTRODE

— R. Vivekananth, V. Sivasankar, E. Senthil Kumar and R. A. Kalaivani



ISOLATION AND IDENTIFICATION OF α-GLUCOSIDASE INHIBITORY COMPOUNDS FROM ETHYL ACETATEEXTRACT OF
Sirih Hijau (Piper betle L.)

— A. Malik, L. Marpaung, M. P. Nasution and P. Simanjuntak
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THE EFFECT OF ANTIOXIDANT OF GRAPESEED OIL AS SKIN ANTI-AGING IN NANOEMULSION AND EMULSION
PREPARATIONS

— Sumaiyah and B.M. Leisyah



SEASONAL VARIATIONS OF TRACE METALS IN THE GROUNDWATER SAMPLES OF HARIHARA TALUK, DAVANGERE
DISTRICT, KARNATAKA

— S. Thirumala and B. R. Kiran



EVALUATION OF KINETIC PARAMETERS FOR MnII CATALYZED PERIODATE OXIDATION OF m-TOLUIDINE: A MECHANISTIC
STUDY

— Sushma, R. D. Kaushik, M. M. Tiwari, Malvika Chawla and Jaspal Singh



UV-VIS STUDY ON POLYANILINE DEGRADATION AT DIFFERENT pHs AND THE POTENTIAL APPLICATION FOR ACID-BASE
INDICATOR

— Said Ali Akbar and Erwinsyah Satria



EXPERIMENTAL AND THEORETICAL PERSPECTIVES ON LTRYPTOPHAN: AN AMINO ACID SINGLE CRYSTAL FOR
NONLINEAR OPTICAL APPLICATIONS

— A. Mohamed Ibrahim and S. Arunachalam



STUDIES ON POST HETEROCYCLIZATION OF 1, 3, 4- OXADIAZOLE CONTAINING AZETIDINONES DERIVATIVES AND THEIR
BIOLOGICAL STUDIES

— J.M. Pandya and J. Mahyavanshi



AN OVERVIEW OF THE Gynura procumbens LEAVES EXTRACTION AND POTENTIAL OF HYBRID PREDICTIVE TOOLS
APPLICATION FOR PREDICTION AND SIMULATION IN SUPERCRITICAL FLUID EXTRACTION

— Sitinoor Adeib Idris and Masturah Markom



BIOSORPTION OF COPPER(II) IONS USING TIMBER INDUSTRY WASTE BASED BIOMASS

— S. Rani, M. Bansal, K. Kaur and S. Sharma



GROWTH AND CHARACTERIZATION OF N-METHYLUREA OXALIC (NMUO) ACID SINGLE CRYSTAL

— K. Senthil, K. Elangovan, A. Senthil and G. Vinitha



PERFORMANCE EVALUATION OF ATENOLOL MOLECULAR IMPRINTED POLYMER USING TWO DIFFERENT
POLYMERIZATION AND TWO DIFFERENT POROGEN

— A. N. Hasanah, M. Suherman, I. Susanti, I. Pitaloka and R. Mustarichie



STUDY OF CHROMIUM DESORPTION FROM POLLUTED SOIL AROUND TANNERY INDUSTRY: EFFECT OF LOW
MOLECULAR WEIGHT ORGANIC ACID (LMWOA)

— Suherman, Anis Kholifatur Rosyidah, Adhitasari Suratman, Nurul Hidayat Aprilita, Mudasir and Kinichi Morita



DETERMINATION OF THE OPTIMAL DEPOSITION CONDITIONS OF OXIDE-ZIRCONIUM COATING ON STEELBASE

— M. Zh. Zhurinov, V.N. Statsyuk, L.A.Fogel, A. Bold, A. A.Abrashov and A. Kostiuk



ANTIBACTERIAL ACTIVITY AND GREENER METHOD OF SYNTHESIS OF HETEROCYCLIC COMPOUNDS INCORPORATING
BENZOTHIAZOLE MOIETY USING IONIC LIQUID AS SOLVENT

— Madhu Toshniwal, Mahendra Bundel, Prashant Kriplani, Ravikant, Rashmi Pareek and Arun Pareek
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ISOLATION AND IDENTIFICATION OF ALKALOIDS EXTRACTED FROM DAYAK ONION (Eleutherinae palmifolia (L.) Merr)

— S. M. Sinaga, M. Nainggolan and Iksen



FORMATION OF TITANIUM OXIDE NANOTUBE ARRAYS BY CONTROLLING H2O AND TIME THROUGH ANODIC OXIDATION

— H. M. Mateus, J. Bautista-Ruiz, J.Barba-Ortega and M. R.Joya



ADSORPTION ISOTHERM, KINETICS AND THERMODYNAMICS OF BIVALENT NICKEL SCAVENGING UTILISING SAWDUST
CARBON

— S. Rani, M. Bansal, K. Kaur and S. Sharma



CORROSION RESISTANCE OF Cissus quadrangularis EXTRACTS ON METAL IN AGGRESSIVE MEDIUM: GRAVIMETRIC AND
SURFACE EXAMINATIONS

— R. Anitha and Subramanian Chitra



ANTIOXIDANT ASSAY OF DAYAK ONION (Eleutherine palmifolia) VIA DPPH (1,1-Difenil-2-Pikrilhidrazil) AND BSLT TEST
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ABSTRACT 
The purpose of this study was synthesizing mesoporous silica SBA-15 and investigated the effect of the initial 
temperature of the preparation surfactant using the hydrothermal process to synthesize silica SBA-15. Pluronic 
(P123) as surfactant template and TEOS as material precursor acted as a building block of the mesoporous silica 
material. Therefore, the interaction surfactant template and precursor during the hydrothermal process guided to 
silica SBA-15 properties. The results suggested that the physicochemical properties of these materials did not 
change significantly, but different condition temperature of surfactant and hydrothermal process affected the size of 
the specific surface area, pore volume, and pore size distribution. The largest specific surface area was 560 m2 g-1, 
pore volume was 1.57 m3 g-1 and ordered pore size distribution around 11.24 nm after the initial temperature of the 
surfactant at 15oC and hydrothermal process at 100oC for 48 h. This resulted properties of SBA-15 are potentially 
applicable in various chemical and non-chemical based industries. 
Keywords: Silica SBA-15, Mesoporous, Surfactant, Hydrothermal process, Precursor 

© RASĀYAN. All rights reserved 
 

INTRODUCTION 
Porous materials, as specified by IUPAC nomenclature are described as a solid consist of pores and have 
a porosity of 0.2 to 0.95 that fractionate of pores to the total volume1. SBA-15 is one of the mesoporous 
material from silica source that having uniform pore size with periodic of widths 50 to 300 Å and use of 
amphiphilic block copolymer as structure directing agent2. This material has excellent structure, such as a 
large specific surface area, large pore volume, array ordered hexagonal mesostructure that makes it 
widely used in the many practical application as catalyst support3,4, an adsorbent4–7, an immobilization 
substrate for biomolecules8,9 and chemical sensor10,11. For the most industrial application of mesoporous 
material, the large surface area is important for catalysis. The surface area of the solid interacts with its 
surroundings can be it liquid, gas or solid in solution.  As the surface area increases, the mechanical 
strength and thermal stability may be decreased. The fine properties of SBA-15 include large surface area 
and high mechanical strength. Both properties should be obtained by the synthesized material for further 
application as an adsorbent and catalyst12,13.  
The main factors affecting mesoporous silica SBA-15 are some variable synthesis condition such as pH, 
using of catalyst, hydrolysis and condensation process, the aging and drying condition14, surfactant 
template, co-solvent, micelle expander15, and removal process of surfactant16. The synthesis of SBA-15 is 
simple, where the surfactant formed in solution then hydrolyzed and condensed to prepare sol-gel. 
Mesoporous silica with the large ordered porous of silica SBA-15 (SBET 580 m2g-1; Vt 1.32 cm3g-1) has 
been studied by many researchers using triisopropyl benzene as a swelling agent with hexagonal structure 
have been synthesized, the tuning of the initial temperature of surfactant template, and the hydrothermal 
set-up time14. Accordingly, in this research, the experimental variables such as the preparation surfactant 
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template and hydrothermal process were utilized to investigate the change in mesostructure and 
physisorption analysis of silica SBA-15.  
For that reason, to develop novel techniques, this study was aimed to improve the properties of 
mesoporous materials would be of great concent for current applications. In this work, we evaluate 
another preparation process of surfactant template through a hydrothermal process that can arrange the 
mesopore and explain clearly the physisorption analysis by the BET method and characterization by X-
ray diffraction (XRD), Fourier transforms infrared spectroscopy (FTIR),  and differential scanning 
calorimetry (DSC). 

EXPERIMENTAL 
Material and Methods 

All the chemical reagents Pluronics (P123, Poly(ethylene glycol)-block-poly(propylene glycol)-block-
poly(ethylene glycol), average Mn ~ 5800), tetraethyl orthosilicate (TEOS, 98%) were used analytical 
grade without purification and purchased from Sigma-Aldrich, hydrochloric acid (HCl, 37%) from 
Merck, ammonium fluoride (NH4F), and heptane were obtained from J.T. Baker.  
 
General Procedure 
Preparation of Mesoporous Silica SBA-15 

Various methods have been developed and introduced to prepared mesoporous silica materials SBA-15 
was synthesized using a method proportional to that reported previous15, but TMOS was substituted with 
TEOS and triisopropyl benzene was substituted with heptane. In a typical procedure, initial step 2.4 g of 
Pluronic 123 as surfactant template and  NH4F (0.027 g) were dissolved in 84 ml HCl 1.3 M. The mixture 
was stirred at 30oC until clear. The solution was transferred to the water bath and set at a temperature T1 
as the initial temperature of preparation surfactant template, (T1 =10oC for samples C and D; T1 =15oC for 
samples A and B) at any rate at 1 h. Then, the other solution of 3.7 ml of TEOS as a silica source and 1.2 
mL of heptane was added. The mixture was stirred for 24 h at 30oC in an open container. After that, the 
solution was transferred to a closed Teflon container for the hydrothermal process at temperature (T2 = 
100oC for samples A and B; T2 = 120oC for samples C and D). The time of hydrothermal treatment, t=48 
h for samples A and C; t=96 h for samples B and D. After that, it was cooled to room temperature. The 
gel white products were filtered and washed with deionized water repeatedly until pH 7 was obtained. 
Finally, the results were dried at 60oC for 24 h and then calcined at 550oC for 5 h. 
 

Variables of The Experiment 

There are two variables dependent on this experiment. They are the initial temperature of the surfactant 
template (T1 = 10 and 15oC) and process condition of hydrothermal treatment (T2 = 100 and 120oC for the 
aging time = 48 and 96 h). The combining variables T1, T2, and the aging time of samples were labeled as 
SBA-15 A, B, C, and D. In Table-1 typical variable dependent of sample SBA-15 
 

Table-1:  A Typical Variable of the Experiment 
SBA-15 Sample T1 (

oC) T2 (
oC) Aging Time (hour) 

A 15 100 48 
B 15 100 96 
C 10 120 48 
D 10 120 96 

 
Characterization of Silica SBA-15 

The physisorption analysis was measured using a Quantachroma NovaWin instruments version 11.0 at 
temperature -196oC. Before the experiments were measured, the samples were degassed under vacuum at 
300oC for 3 h. The total pore volume was determined from the amount adsorbed at relative pressure 0.98. 
Pore size distribution (PSD) was calculated from adsorption data using the Barrett-Joyner-Halenda (BJH) 
method. The total specific surface area (SBET) was calculated in the relative pressure range from 0.02 to 
0.3 using the multi-point BET method.17,18 X-ray diffraction (XRD) was used to identify the crystal phase 
of silica SBA-15. The experiments were performed on a Bruker D2 Phaser Diffractometer System with 
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CuKα radiation source 1.5406Å run at 40 kV, 30 mA. XRD patterns were obtained with wide angles 
from 10-70o of 2θ, with a step size of 0.02o and the time step of 1 s. Differential scanning calorimeter, 
DSC-60Plus Shimadzu was measured thermoanalytical properties of SBA-15. DSC measurement 
technique was determined from physical transformation and thermal histories such as the glass transition, 
the crystallization point, and melting point of materials. The sample was put in Al crimp pan S201-52943 
types and sits upon a constant disc on the frame in the DSC analysis cell. Temperature range from 20 to 
250oC for 20 min. Prestige-21 Shimadzu Infrared spectroscopy was used to identify the various functional 
group and different types of bonding SiO2 materials in range 400-4000 cm3 using KBr pellet. 
 

RESULTS AND DISCUSSION 
The pattern of mesoporous silica SBA-15  can be prepared to identify the properties of mesoporous silica 
SBA-15. The pore size can be tuned from 9 to 14 nm, pore volume from 1.4 to 1.8 cm3/g and surface area 
from 450 to 560 m2/g. Also, different morphologies were obtained if the variation synthesized condition 
of silica SBA-15. In order to explain the surface area and the physicochemical properties SBA-15, a series 
experiment was conducted to understand the effect of the preparation surfactant template using 
hydrothermal treatment. 
 
Physical Adsorption Analysis of Silica SBA-15 
Several important for the physical adsorption analysis of mesoporous silica SBA-15 are long distance 
with mesostructure, the distribution of pore size is mostly tight, large specific surface area and the size of 
pore diameter can differ from 9 to 14 nm19. Nitrogen adsorption-desorption isotherm is a physical 
sorption analysis to determine the total specific surface area (SBET), pore volume, and pore size 
distribution of a solid.20 The Brunauer-Emmett-Teller (BET) method is the physical sorption of the 
amount adsorbed on a solid surface at the relative pressure P/Po at a constant temperature. The BET 
equation is a guidance for analysis technique to determine the total specific surface area of materials21. 
The pore size distribution (PSD) determined by using nitrogen adsorption data22 and calculated by the 
BJH method.23 
This study investigates the effects of the preparation temperature of the surfactant template and 
hydrothermal treatment to synthesize SBA-15. For that reason, our experiment has combined some 
variables to evaluate the specific surface area, pore size distribution, and pore volume of silica SBA-15 
whether it is microporous, mesoporous or macroporous. 
 

Table-2:  Surface Analysis of SBA-15 Samples with Some Variables 
SBA-15 
sample 

Conditions SBET 
(m2.g-1)a 

Dp 
(nm)b 

Vp 
(cc.g-1)c 

A (T1 = 15oC, T2 = 100oC) ; t=48 h 560 11.24 1.57 
B (T1 = 15oC, T2 = 100oC) ; t=96 h 554 12.67 1.44 
C (T1 = 10oC, T2 = 120oC) ; t=48 h 510 13.76 1.76 
D (T1 = 10oC, T2 = 120oC) ; t=96 h 548 8.97 1.49 

a total BET surface area; bpore diameter determined from BJH method; ctotal pore volume 
 
A Case study approach was used to allow a physical adsorption analysis to obtain the characteristic of the 
mesoporous material. A quantitative analysis data of silica SBA-15, such as specific surface area, pore 
volume, pore size distribution, and pore diameter were greatly affected by the various condition process. 
The preparation of the surfactant template and hydrothermal process were both investigated to explain the 
properties of silica SBA-15. 
Table-2 compares the experimental data for various condition process of synthesized silica SBA-15 on 
physisorption analysis. It can be seen from Table-2, the total BET surface area of the silica SBA-15 
gained from different temperature process and the time of the hydrothermal process. Sample A and B 
were prepared with the same temperature process, but different from the time hydrothermal treatment. 
The total BET surface area of Samples A as well as the pore volume was larger than Sample B. However, 
Samples C and D synthesized for the same temperature process, but Sample D had longer the time of 
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hydrothermal treatment. A positive correlation was found between the temperature process and the time 
of hydrothermal treatment. Post hoc analysis revealed that during the preparation of the surfactant 
template, the formation of the micelles from surfactant agent was based on the synthesis of mesoporous 
materials.24  
Overall, these results indicate that the temperature of the preparation process is one type (T1=15oC, 
T2=100oC) if the shorter of the time hydrothermal treatment is chosen. In order part, another important 
finding was that the temperature preparation process (T1=10oC, T2=120oC) were obtained the larger pore 
volume and pore diameter but the lower of the surface area. As mentioned in the previous study, the 
interaction between surfactant as a directing agent and silica source is the building block of mesoporous 
materials properties.14,25,26 
 

 
Fig.-1: N2 Adsorption Isotherm of SBA-15 Samples and BJH Pore Size Distribution (Inner Figure) 

 
From Fig.-1, that nitrogen physisorption isotherm analysis for all silica SBA-15 samples represented the 
same adsorption isotherm trend which indicated that the samples are almost ideally mesoporous materials. 
The characteristic shape of SBA-15 samples is near in theory type-IV with H1-type of hysteresis loop 
according to IUPAC classification17,27, no significant change with the different variable condition 
synthesized of SBA-15. The nitrogen sorption isotherms for the samples exhibited step sharp in the p/po 
range from 0.7 to 0.9, showing the presence of large porous to the capillary condensation28.  
It can be seen that the same condition of the temperature preparation process, the pore size distribution of 
Sample A and Sample B is nearly the same (Fig.-1 and Table-2). However, the surface area and pore 
diameter of Sample D is significantly reduced than Sample B (Fig.-1 and Table-2). As can be explained 
that the time for hydrothermal treatment greatly affects the surface analysis. Both samples form 
interaction with P123 and TEOS is slowly during 96 h which can affect the formation of a large surface 
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area for an initial temperature of P123 at 10oC. The surface area of Sample A is the largest, but the lowest 
for pore diameter. The suitable surface analysis is listed in Table-2. 
The pore volume for all the SBA-15 samples is high. The results obtained from a preliminary analysis of 
the amount of nitrogen adsorption in silica SBA-15 are presented in Figure 2. Sample C has the largest 
pore volume  (1.76 cm3/g), and pore volume for Sample B is less than 1.44 cm3/g. Fig.-1 (inner figure) 
illustrates that the pore size distribution (PSD) is homogeneous, this in common with a Gaussian 
distribution, so the measurement of the width of the dispersion is direct the standard deviation25,29. It can 
be compared to Fig.-1 for all the samples, the PSD of Sample A and Sample D (pore diameter 50-180Å) 
is lower than Sample B, and Sample C (pore diameter 50-300Å). Anyway, the most significant difference 
between the synthesis condition of the temperature of surfactant template for guiding the pore structure 
and hydrothermal treatment for interacting P123 as surfactant and TEOS as a precursor, even though not 
significant pore structure of Sample A, Sample B, and Sample C.  
 

 
Fig.-2:  Cumulative Pore Volume for SBA-15 Samples 

 
Furthermore, to gain insight into the effect of aging time for hydrothermal treatment, Fig.-2, described 
that Sample A and Sample B was prepared in the same initial temperature (15oC) and the same 
temperature of hydrothermal treatment (100oC) but different of time aging. The PSD Sample B is slightly 
wider than Sample A, that the longer aging time of Sample B (96 hours) tunes ordered pore structure and 
more uniform pore size. This result suggests that the pore diameter can be ordered to a certain extent by 
increasing the duration of hydrothermal treatment.15,30 
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Physicochemical Properties of Silica SBA-15 
In this regard, it is of great significance that the application of the most popular method to analysis the 
pore structure and physicochemical properties of silica SBA-15. The procedural step of the mesostructure 
of silica SBA-15 is established. The crystalline structure was determined using XRD, various functional 
groups by FTIR and thermal analysis by DSC. The wide angle X-ray diffraction (XRD) pattern of silica 
SBA-15 samples was used to identify the crystal phase of the samples.24,31  
 

 
Fig.-3: XRD Pattern of Silica SBA-15 Samples 

 

The pattern is shown in Fig.-3, there is one peak at  2θ of 23o, as reflection associated with p6mm space 
group and hexagonal symmetry mesostructure. The pattern XRD in Fig.-3 shows that the wide-angle 
XRD (WAXRD) of SBA-15 samples are a typical diffraction amorphous phase of silica SBA-1532–34. 
From Fig.-3, it can be shown that interplanar spacing is nearly unchanged, although the preparation 
process is varied. Data from the XRD pattern can be compared with the data in Fig.-4 and Fig.-5, which 
shows conducive to expand silica materials. 
Infrared spectroscopy identifies chemical bonds in a molecule by producing an infrared absorption 
spectrum for detecting functional groups and characterizing covalent bonding information. The FTIR 
spectra illustrate some of the main vibrational band of the silica material. According to the spectrum, 
wave number between 500 cm-1 to 4000 cm-1  represent the functional group of Si, O, and H.24,35  
Figure-4 shows the pattern of the SBA-15 samples gain almost the same and only different at the 
spectrum pattern. At peak 966-968 cm-1, the wave number suitable to connect Si-O-Si stretching. 
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Broadband connects to represent the –OH groups (Si-OH) at peak 3445-3449 cm-1. Whereas, the peak 
observed at 1640-1645 cm-1 to indicate the presence of -OH groups (H-O-H). Asymmetric Si-O-Si 
stretching happens at 1090-1103 cm-1.  This result is in accord with Hesty’s (2018) findings which 
observed removing surfactant template by calcination process34,36. At peak 801 cm-1, the wave number to 
connect symmetric Si-O-Si stretching. In fact, the analysis absorption peaks of SBA-15 samples, there is 
no change in spectrum bond analysis for all the samples.  

 
Fig.-4: FTIR Spectra of Silica SBA-15 Samples 

 
Nowadays, the measurement of DSC analysis is the new analytical method for characterizing pore 
structure of SBA-15. Currently, study to determine their textural and structural quality properties37.  DSC 
is a thermal analysis method which investigated transitions phase of materials, such as glass transition 
temperatures, melting point, boiling points, and heat flow within materials as a function of temperature 
also time. To obtain qualitative and quantitative data from the thermal analysis measurements are used 
about the physical and chemical changes of the thermal stability information from DSC measurement.  
The DSC curve in Fig.-5 show two peaks, they are crystalline temperature and thermal glass transition 
temperature. Thermograms of samples were presented from thermal glass transition temperature at 69 to 
74oC and one sharp fusion endothermic of the crystalline point at 158oC. However, no melting peak of 
samples was shown in the DSC curve. The absence of melting point phase transition of samples in the 
DSC analysis is a signal that the samples have thermal stability at 250oC for 20 minutes.38,39 
Presents an overview of the thermal analysis of silica SBA-15 samples. The experiment data from DSC 
measurement can be compared with the data in XRD pattern and FTIR spectra, in which that Sample D 
has the higher glass transition temperature and the lower of the requirement of heat to changes the phase 
from solid to rubber (Tg). The significant increased of Tg may be attributed to the strong interaction of 
molecules silica precursor during hydrothermal treatment. Spectra IR is very strong at 1103 cm-1 with the 
presence of Si-O-Si. 



 
  Vol. 12 | No. 3 |1117 - 1126| July - September | 2019 

1124 
SYNTHESIS OF MESOPOROUS SILICA SBA-15                                                                                                       R. Thahir et al. 

 
Fig.-5: The Thermal Profile of Silica SBA-15 Samples Using DSC Analysis 

 
CONCLUSION 

This study shows that physical adsorption analysis and the physicochemical properties SBA-15 were 
conducted to understand the effect of the temperature preparation of surfactant template and 
hydrothermal treatment. It is possible to synthesize mesoporous silica SBA-15 with pore size can be 
arrayed from 9 to 14 nm, pore volume from 1.4 to 1.8 cc.g-1 and surface area from 450 to 560 m2.g-1. The 
physicochemical properties have near unchanged for the variation synthesized condition of silica SBA-
15. The large specific surface area, pore diameter, pore volume, mesostructure, and thermal stability can 
be supported for application in catalysis and storage. 
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