




https://getfireshot.com/pdf_aHR0cHM6Ly93d3cuc2NpbWFnb2pyLmNvbS9qb3VybmFscmFuay5waHA/Y291bnRyeT1OTA==
https://getfireshot.com/pdf_aHR0cHM6Ly93d3cuc2NpbWFnb2lyLmNvbS9yYW5raW5ncy5waHA/Y291bnRyeT1OTEQ=
https://getfireshot.com/pdf_aHR0cHM6Ly93d3cuc2NpbWFnb2lyLmNvbS9yYW5raW5ncy5waHA/Y291bnRyeT1OTEQ=
https://getfireshot.com/pdf_aHR0cHM6Ly93d3cuc2NpbWFnb2pyLmNvbS9qb3VybmFscmFuay5waHA/YXJlYT0yMjAw
https://getfireshot.com/pdf_aHR0cHM6Ly93d3cuc2NpbWFnb2pyLmNvbS9qb3VybmFscmFuay5waHA/Y2F0ZWdvcnk9MjIxMA==
https://getfireshot.com/pdf_aHR0cHM6Ly93d3cuc2NpbWFnb2pyLmNvbS9qb3VybmFscmFuay5waHA/Y2F0ZWdvcnk9MjIxMQ==
https://getfireshot.com/pdf_aHR0cHM6Ly93d3cuc2NpbWFnb2pyLmNvbS9qb3VybmFscmFuay5waHA/YXJlYT0yNTAw
https://getfireshot.com/pdf_aHR0cHM6Ly93d3cuc2NpbWFnb2pyLmNvbS9qb3VybmFscmFuay5waHA/Y2F0ZWdvcnk9MjUwMQ==
https://getfireshot.com/pdf_aHR0cHM6Ly93d3cuc2NpbWFnb2pyLmNvbS9qb3VybmFscmFuay5waHA/YXJlYT0zMTAw
https://getfireshot.com/pdf_aHR0cHM6Ly93d3cuc2NpbWFnb2pyLmNvbS9qb3VybmFscmFuay5waHA/Y2F0ZWdvcnk9MzEwNA==
https://getfireshot.com/pdf_aHR0cHM6Ly93d3cuc2NpbWFnb2pyLmNvbS9qb3VybmFsc2VhcmNoLnBocD9xPUVsc2V2aWVyJnRpcD1wdWI=
https://getfireshot.com/pdf_aHR0cHM6Ly93d3cuam91cm5hbHMuZWxzZXZpZXIuY29tL21hdGVyaWFscy10b2RheQ==
https://getfireshot.com/pdf_aHR0cHM6Ly93d3cuZWRpdG9yaWFsbWFuYWdlci5jb20vTUFUVE9EL2RlZmF1bHQuYXNweA==
https://getfireshot.com/pdf_aHR0cHM6Ly93d3cuam91cm5hbHMuZWxzZXZpZXIuY29tL21hdGVyaWFscy10b2RheS9lZGl0b3JpYWwtYm9hcmQvai1sb3UtcGhk
https://getfireshot.com/pdf_aHR0cHM6Ly93d3cuc2NpbWFnb2pyLmNvbS9qb3VybmFsc2VhcmNoLnBocD9xPTI0NzY5JnRpcD1zaWQmY2xlYW49MCN3cC1jb21tZW50cy1yZXNwb25zZQ==
https://getfireshot.com/pdf_aHR0cHM6Ly93d3cuc2NpbWFnb2pyLmNvbS9qb3VybmFsc2VhcmNoLnBocD9xPTI0NzY5JnRpcD1zaWQmY2xlYW49MCN3cC1jb21tZW50cy1yZXNwb25zZQ==


https://getfireshot.com/pdf_aHR0cHM6Ly93d3cuc2NpZW5jZWRpcmVjdC5jb20vc2VhcmNoP2NpZD0zMDU5Mjcmb3JpZ2luPWpybmxfYWlwJnB1Yj1NYXRlcmlhbHMlMjBUb2RheSUzQSUyMFByb2NlZWRpbmdzJnFzPURlY29udm9sdXRpb24lMjBvZiUyMGNhcmJvbiUyMHNpbGljYSUyMHRlbXBsYXRlZCUyMHRoaW4lMjBmaWxtJTIwdXNpbmclMjBFUzQwJTIwYW5kJTIwUDEyMyUyMHZpYSUyMHJhcGlkJTIwdGhlcm1hbCUyMHByb2Nlc3NpbmclMjBtZXRob2Qmem9uZT1xU2VhcmNoJnNvcnRCeT1kYXRl
https://getfireshot.com/pdf_aHR0cHM6Ly93d3cuc2NpZW5jZWRpcmVjdC5jb20vc2NpZW5jZS9hcnRpY2xlL3BpaS9TMjIxNDc4NTMyMDMwMjYxMw==
https://getfireshot.com/pdf_aHR0cHM6Ly93d3cuc2NpZW5jZWRpcmVjdC5jb20vc2NpZW5jZS9qb3VybmFsLzIyMTQ3ODUz
https://getfireshot.com/pdf_aHR0cHM6Ly93d3cuc2NpZW5jZWRpcmVjdC5jb20vc2NpZW5jZS9hcnRpY2xlL3BpaS9TMjIxNDc4NTMyMDMwMjUzNA==
https://getfireshot.com/pdf_aHR0cHM6Ly93d3cuc2NpZW5jZWRpcmVjdC5jb20vc2NpZW5jZS9qb3VybmFsLzIyMTQ3ODUz


https://getfireshot.com/pdf_aHR0cHM6Ly93d3cuam91cm5hbHMuZWxzZXZpZXIuY29tL21hdGVyaWFscy10b2RheQ==
https://getfireshot.com/pdf_aHR0cHM6Ly93ZWJzaG9wLmVsc2V2aWVyLmNvbS9teWFydGljbGVzZXJ2aWNlcy8=
https://getfireshot.com/pdf_aHR0cHM6Ly93d3cubWF0ZXJpYWxzdG9kYXkuY29tL3Byb2NlZWRpbmdz
https://getfireshot.com/pdf_bWFpbHRvOnMuYmxhbmRAZWxzZXZpZXIuY29t


https://getfireshot.com/pdf_aHR0cHM6Ly93d3cuc2NpZW5jZWRpcmVjdC5jb20vc2NpZW5jZS9qb3VybmFsLzIyMTQ3ODUz
https://getfireshot.com/pdf_aHR0cHM6Ly93d3cuc2NpZW5jZWRpcmVjdC5jb20vc2NpZW5jZS9qb3VybmFsL2FpcC8yMjE0Nzg1Mw==
https://getfireshot.com/pdf_aHR0cHM6Ly9zZXJ2aWNlLmVsc2V2aWVyLmNvbS9hcHAvYW5zd2Vycy9kZXRhaWwvYV9pZC8yMjgwMS9zdXBwb3J0aHViL3NjaWVuY2VkaXJlY3Qv
https://getfireshot.com/pdf_aHR0cHM6Ly93d3cuc2NpZW5jZWRpcmVjdC5jb20vc2NpZW5jZS9qb3VybmFsLzIyMTQ3ODUz
https://getfireshot.com/pdf_aHR0cHM6Ly93d3cuc2NpZW5jZWRpcmVjdC5jb20vc2NpZW5jZS9hcnRpY2xlL3BpaS9TMjIxNDc4NTMyMDMwMjYxMyMh
https://getfireshot.com/pdf_aHR0cHM6Ly93d3cuc2NpZW5jZWRpcmVjdC5jb20vc2NpZW5jZS9hcnRpY2xlL3BpaS9TMjIxNDc4NTMyMDMwMjYxMyMh
https://getfireshot.com/pdf_aHR0cHM6Ly93d3cuc2NpZW5jZWRpcmVjdC5jb20vc2NpZW5jZS9hcnRpY2xlL3BpaS9TMjIxNDc4NTMyMDMwMjYxMyMh
https://getfireshot.com/pdf_aHR0cHM6Ly93d3cuc2NpZW5jZWRpcmVjdC5jb20vc2NpZW5jZS9hcnRpY2xlL3BpaS9TMjIxNDc4NTMyMDMwMjYxMyMh
https://getfireshot.com/pdf_aHR0cHM6Ly93d3cuc2NpZW5jZWRpcmVjdC5jb20vc2NpZW5jZS9hcnRpY2xlL3BpaS9TMjIxNDc4NTMyMDMwMjYxMyMh
https://getfireshot.com/pdf_aHR0cHM6Ly93d3cuc2NpZW5jZWRpcmVjdC5jb20vc2NpZW5jZS9hcnRpY2xlL3BpaS9TMjIxNDc4NTMyMDMwMjYxMyMh
https://getfireshot.com/pdf_aHR0cHM6Ly93d3cuc2NpZW5jZWRpcmVjdC5jb20vc2NpZW5jZS9hcnRpY2xlL3BpaS9TMjIxNDc4NTMyMDMwMjYxMyMh
https://getfireshot.com/pdf_aHR0cHM6Ly93d3cuc2NpZW5jZWRpcmVjdC5jb20vc2NpZW5jZS9hcnRpY2xlL3BpaS9TMjIxNDc4NTMyMDMwMjYxMyMh
https://getfireshot.com/pdf_aHR0cHM6Ly93d3cuc2NpZW5jZWRpcmVjdC5jb20vc2NpZW5jZS9hcnRpY2xlL3BpaS9TMjIxNDc4NTMyMDMwMjYxMyMh
https://getfireshot.com/pdf_aHR0cHM6Ly93d3cuc2NpZW5jZWRpcmVjdC5jb20vc2NpZW5jZS9hcnRpY2xlL3BpaS9TMjIxNDc4NTMyMDMwMjYxMyMh
https://getfireshot.com/pdf_aHR0cHM6Ly93d3cuc2NpZW5jZWRpcmVjdC5jb20vc2NpZW5jZS9hcnRpY2xlL3BpaS9TMjIxNDc4NTMyMDMwMjYxMyMh
https://getfireshot.com/pdf_aHR0cHM6Ly93d3cuc2NpZW5jZWRpcmVjdC5jb20vc2NpZW5jZS9hcnRpY2xlL3BpaS9TMjIxNDc4NTMyMDMwMjYxMyMh
https://getfireshot.com/pdf_aHR0cHM6Ly93d3cuc2NpZW5jZWRpcmVjdC5jb20vc2NpZW5jZS9hcnRpY2xlL3BpaS9TMjIxNDc4NTMyMDMwMjYxMyMh
https://getfireshot.com/pdf_aHR0cHM6Ly93d3cuc2NpZW5jZWRpcmVjdC5jb20vc2NpZW5jZS9hcnRpY2xlL3BpaS9TMjIxNDc4NTMyMDMwMjYxMyMh
https://getfireshot.com/pdf_aHR0cHM6Ly93d3cuc2NpZW5jZWRpcmVjdC5jb20vc2NpZW5jZS9hcnRpY2xlL3BpaS9TMjIxNDc4NTMyMDMwMjYxMyMh
https://getfireshot.com/pdf_aHR0cHM6Ly93d3cuc2NpZW5jZWRpcmVjdC5jb20vc2NpZW5jZS9hcnRpY2xlL3BpaS9TMjIxNDc4NTMyMDMwMjYxMyMh
https://getfireshot.com/pdf_aHR0cHM6Ly93d3cuc2NpZW5jZWRpcmVjdC5jb20vc2NpZW5jZS9hcnRpY2xlL3BpaS9TMjIxNDc4NTMyMDMwMjYxMyMh
https://getfireshot.com/pdf_aHR0cHM6Ly93d3cuc2NpZW5jZWRpcmVjdC5jb20vc2NpZW5jZS9hcnRpY2xlL3BpaS9TMjIxNDc4NTMyMDMwMjYxMyMh
https://getfireshot.com/pdf_aHR0cHM6Ly93d3cuc2NpZW5jZWRpcmVjdC5jb20vc2NpZW5jZS9hcnRpY2xlL3BpaS9TMjIxNDc4NTMyMDMwMjYxMyMh
https://getfireshot.com/pdf_aHR0cHM6Ly93d3cuc2NpZW5jZWRpcmVjdC5jb20vc2NpZW5jZS9hcnRpY2xlL3BpaS9TMjIxNDc4NTMyMDMwMjYxMyMh
https://getfireshot.com/pdf_aHR0cHM6Ly93d3cuc2NpZW5jZWRpcmVjdC5jb20vc2NpZW5jZS9hcnRpY2xlL3BpaS9TMjIxNDc4NTMyMDMwMjYxMyMh
https://getfireshot.com/pdf_aHR0cHM6Ly93d3cuc2NpZW5jZWRpcmVjdC5jb20vc2NpZW5jZS9hcnRpY2xlL3BpaS9TMjIxNDc4NTMyMDMwMjYxMyMh
https://getfireshot.com/pdf_aHR0cHM6Ly93d3cuc2NpZW5jZWRpcmVjdC5jb20vc2NpZW5jZS9hcnRpY2xlL3BpaS9TMjIxNDc4NTMyMDMwMjYxMyMh
https://getfireshot.com/pdf_aHR0cHM6Ly93d3cuc2NpZW5jZWRpcmVjdC5jb20vc2NpZW5jZS9hcnRpY2xlL3BpaS9TMjIxNDc4NTMyMDMwMjYxMyMh
https://getfireshot.com/pdf_aHR0cHM6Ly93d3cuc2NpZW5jZWRpcmVjdC5jb20vc2NpZW5jZS9hcnRpY2xlL3BpaS9TMjIxNDc4NTMyMDMwMjYxMyMh
https://getfireshot.com/pdf_aHR0cHM6Ly93d3cuc2NpZW5jZWRpcmVjdC5jb20vc2NpZW5jZS9hcnRpY2xlL3BpaS9TMjIxNDc4NTMyMDMwMjYxMyMh
https://getfireshot.com/pdf_aHR0cHM6Ly93d3cuc2NpZW5jZWRpcmVjdC5jb20vc2NpZW5jZS9hcnRpY2xlL3BpaS9TMjIxNDc4NTMyMDMwMjYxMyMh
https://getfireshot.com/pdf_aHR0cHM6Ly93d3cuc2NpZW5jZWRpcmVjdC5jb20vc2NpZW5jZS9hcnRpY2xlL3BpaS9TMjIxNDc4NTMyMDMwMjYxMyMh
https://getfireshot.com/pdf_aHR0cHM6Ly93d3cuc2NpZW5jZWRpcmVjdC5jb20vc2NpZW5jZS9hcnRpY2xlL3BpaS9TMjIxNDc4NTMyMDMwMjYxMyMh
https://getfireshot.com/pdf_aHR0cHM6Ly93d3cuc2NpZW5jZWRpcmVjdC5jb20vc2NpZW5jZS9hcnRpY2xlL3BpaS9TMjIxNDc4NTMyMDMwMjYxMyMh
https://getfireshot.com/pdf_aHR0cHM6Ly93d3cuc2NpZW5jZWRpcmVjdC5jb20vc2NpZW5jZS9hcnRpY2xlL3BpaS9TMjIxNDc4NTMyMDMwMjYxMyMh
https://getfireshot.com/pdf_aHR0cHM6Ly93d3cuc2NpZW5jZWRpcmVjdC5jb20vc2NpZW5jZS9hcnRpY2xlL3BpaS9TMjIxNDc4NTMyMDMwMjYxMyMh
https://getfireshot.com/pdf_aHR0cHM6Ly93d3cuc2NpZW5jZWRpcmVjdC5jb20vc2NpZW5jZS9hcnRpY2xlL3BpaS9TMjIxNDc4NTMyMDMwMjYxMyMh
https://getfireshot.com/pdf_aHR0cHM6Ly9kb2kub3JnLzEwLjEwMTYvai5tYXRwci4yMDIwLjAxLjE5NQ==
https://getfireshot.com/pdf_aHR0cHM6Ly9zMTAwLmNvcHlyaWdodC5jb20vQXBwRGlzcGF0Y2hTZXJ2bGV0P3B1Ymxpc2hlck5hbWU9RUxTJmNvbnRlbnRJRD1TMjIxNDc4NTMyMDMwMjYxMyZvcmRlckJlYW5SZXNldD10cnVl


10.1016_j.matpr.2020.01.195.pdf
by

Submission date: 22-Jul-2020 01:03AM (UTC+0700)
Submission ID: 1360468394
File name: 10.1016_j.matpr.2020.01.195.pdf (571.22K)
Word count: 3289
Character count: 17223











15%
SIMILARITY INDEX

8%
INTERNET SOURCES

10%
PUBLICATIONS

6%
STUDENT PAPERS

Exclude quotes On

Exclude bibliography On

Exclude matches Off

10.1016_j.matpr.2020.01.195.pdf
ORIGINALITY REPORT

MATCH ALL SOURCES (ONLY SELECTED SOURCE PRINTED)

1%

Submitted to Universitas Sultan Ageng Tirtayasa
Student Paper



Materials Today: Proceedings xxx (xxxx) xxx
Contents lists available at ScienceDirect

Materials Today: Proceedings

journal homepage: www.elsevier .com/locate /matpr
Deconvolution of carbon silica templated thin film using ES40 and P123
via rapid thermal processing method
https://doi.org/10.1016/j.matpr.2020.01.195
2214-7853/� 2020 Elsevier Ltd. All rights reserved.
Selection and Peer-review under responsibility of the scientific committee of the 4th International Conference on Green Chemical Engineering and Technology: M
Science.

⇑ Corresponding author.
E-mail address: melma@ulm.ac.id (M. Elma).

Please cite this article as: .zz Maimunawaro, S. Karina Rahman, E. Lulu Atika Rampun et al., Deconvolution of carbon silica templated thin film usin
and P123 via rapid thermal processing method, Materials Today: Proceedings, https://doi.org/10.1016/j.matpr.2020.01.195
Maimunawaro a,b, Sazila Karina Rahman a,b, Erdina Lulu Atika Rampun a,b, Aulia Rahma a,b,
Muthia Elma a,b,⇑
aChemical Engineering Department, Lambung Mangkurat University, Jl. A. Yani KM 36, Banjarbaru, South Kalimantan 70714, Indonesia
bMaterial and Membrane Research Group (M2ReG), Lambung Mangkurat University, Jl. A. Yani KM 36, Banjarbaru, South Kalimantan 70714, Indonesia

a r t i c l e i n f o
Article history:
Received 17 September 2019
Received in revised form 7 January 2020
Accepted 8 January 2020
Available online xxxx

Keywords:
ES40
Silica-P123 xerogels
Sol–gel process
RTP
Carbon–silica templated
a b s t r a c t

This work aims to fabricate silica-P123 (Pluronic-123) xerogels and investigates the vibrational carbon
groups of ES40-P123 xerogels using FTIR analysis and fityk software. In this work, ES40 (ethyl silicate
40) was used as the silica precursor, and P123 as the template agent. Meanwhile, HNO3 and NH3 take
a role as acid and base catalyst. The combination of silica materials between of ES40 and P123 as an
organic polymer was prepared via sol–gel process. The obtained of silica-P123 sol derived from ES40
was then dried at 33.15 K for 172,800 s which named xerogel. The molar ratio for ES40: ethanol: nitric
acid: ammonia: aquadest: P123 were 1: 38: 0.0007: 0.003: 5: 0.0207, respectively. Rapid Thermal
Processing (RTP) technique is favorable for calcination at 723 K for 3600 s. Then, FTIR analysis was
applied to analyze the xerogel samples. The wavelength results were 800; 975; and 1080 (x10-2 m�1)
for Si-C; Si-OH, and Si-O-Si, respectively. In addition, the area of pure ES40 for Si-O = 9.21 � 10�5; Si-
O-Si = 1.0344 � 10�3; Si-C = 8.28 � 10�5; and for ES40-P123 template were 9.51 � 10�5; 1.0264 � 10�3;
8.10 � 10�5 in m2 unit. Hence, the peak area ratios of pure ES40 and ES40-P123 template were 0.089
and 0.093, respectively. It is clearly shown that the polymerisation by templating carbon groups into sil-
ica matrices was successfull and promising potential to apply in RTP technique as well as to then fabricate
organosilica membrane for water desalination.
� 2020 Elsevier Ltd. All rights reserved.
Selection and Peer-review under responsibility of the scientific committee of the 4th International Con-
ference on Green Chemical Engineering and Technology: Materials Science.
1. Introduction

The population growth and economic development cause the
increasing demand of freshwater for over the past decades [1]. This
condition become growing concern when in many countries lack
access to have clean water, for examples; in the area in a great
quantities of mining activities and salt intruding to the water
source [2]. It should be handled so that the water scarcity could
be solved.

Membrane technology become more popular and widely used
in separation process, especially in water treatment. This technol-
ogy has a faster process and there are no phase change during sep-
aration process. Silica materials especially combined with organic
templates as well as surfactants have been reported as good
hydrostability and molecular sieving membranes in desalination
[3]. The other advantages, it does not need chemical addition, high
selectivity and save more cost production [4]. Membrane material
has many types which is widely used for desalination, such as
organic by PSf (Polysulfone) [5,6], and inorganic membrane using
zeolite [7] and silica [8–10].

However, the amorphous nature of the silica matrices consists
of siloxanes (Si–O–Si) and silanols (Si–OH), of which the latter
are hydrophilic and have been known to initiate the process of
hydrolysis of siloxane groups via dissociative chemisorption of
water molecules [11]. The matrices rapidly undergo severe densi-
fication and pore size widening as the consequence, which in turn
changes flux and decreases selectivity within the first hour of
membrane operation, especially at temperature above room condi-
tions [12,13].

In this work, we report the effect of templating P123 into silica
matrices ES40 using RTP method. The focus of work is to investi-
gate the network representation during deconvolution process.
Fityk software was used to understand the surface area of materi-
aterials

g ES40

https://doi.org/10.1016/j.matpr.2020.01.195
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als during vibration and stretching [14,15]. To get more detail,
Infrared spectra had done to investigate functional group in silica
matrices which is influenced by calcination. According to the pre-
vious work done by Elma, M [3,8], they improve the silica matrices
with TEOS as the precursor and P123 as templating agent. They
also need 86,400 s to obtain xerogel which is mean only a half dry-
ing duration of this work. Otherwise, as reported by Wang [16,17],
they fabricated the pure ES40 but need a long time which is for
over 172,800 s whereas in this work we can produce xerogel
within 172,800 s.
2. Methodology

A dual sol gel method was used to synthesized silica sol which
is similar to the work done by Elma, M. [8,18]. But, the precursor of
silica is different. This work use ES40 as precursor while the previ-
ous work used TEOS. Firstly, ES40 was added drop-wise to ethanol
(EtOH, 99%) and then stirred for 300 s at 273.15 K condition. Sub-
sequently, nitric acid solution (0.00078 N HNO3, Merck) was
added, followed by stirring and refluxed for an hour at 323.15 K
as shown at Fig. 1. After stirring, diluted ammonia (0.0003 N
NH3, Merck) was continuously added and stirred for another
7200 s. Next, P123 (Sigma Aldrich) was added into 5x10-5 m3 silica
sols and stirred for 2700 s. The sols solution was cooled at room
temperature, and was then dried at 333.15 K in the oven for
172800 s. The dried gel was grounded into powder and calcined
at 723.15 K for 3600 s without applying ramping rate and dwelling
time. The final molar ratio of this sols of ES40; ethanol; nitric acid;
ammonia; aquadest; and P123 are 1: 38: 0.0007: 0.003: 5: 0.0207,
respectively.

Silica xerogels were characterised by FTIR (Fourier transform
infrared) spectroscopy to investigated the vibration bands and
wavelengths of silanol (Si-OH), siloxane (Si-O-Si) and carbon group
(Si-C). Wavelength range to generate spectra is 400–4000
(�10�2 m�1).
Fig. 2. FTIR spectra of the calcined silica xerogels.
3. Results and discussion

The sol–gel method is one of the most simple and cost effective
ways offering the flexibility to tailor the required porosity. Acid
catalyst is added into sol gel procedure to hydrolyse ES40 to form
silanol (Si-OH) groups, so that the reaction will help to formmicro-
porous structures in silica matrices [3,8,17]. It was then continued
by adding base catalyst to continue condensation reaction and con-
figurate siloxane (Si-O-Si) groups [8,16,17,19]. This NH3 addition
Fig. 1. (a) Hydrolysis reaction;

Please cite this article as: .zz Maimunawaro, S. Karina Rahman, E. Lulu Atika Ra
and P123 via rapid thermal processing method, Materials Today: Proceedings,
literally manage that condensation reaction to form mesoporous
structures. The both catalysts are taking a very important role in
membrane fabrication and in desalination process. Silanol, siloxane
and carbon groups are the chemical properties which were studied
using FTIR. The existence of functional and bonding types in silica-
P123 xerogel samples was investigated by FTIR. Meanwhile, to
observe the peak deconvolution is using Fityk (curve-fitting) pro-
gram based on Gaussian peaks.

Generally, ES40 as a silica precursor in sol gel reactions are
related to hydrolysis reaction of alkoxides leading to the formation
of silanol groups, otherwise, the condensation reactions leads to
the formation of siloxane bridges [20–22]. Fig. 2 shows the repre-
sentative FTIR spectra of xerogels of pure ES40 and P123 template
which is calcined at 723.15 K. In the region of 1400–600
(�10�2 m�1), stretching modes are clearly showing that the bonds
at 1080 (�10�2 m�1) and � 1218 (�10�2 m�1) are siloxane (Si-O-
Si), whilst silanol (Si-OH) bonds appear near �975 (�10�2 m�1).
The stretching vibration of carbon is assigned at the peak near
�800 (�10�2 m�1). Although the peak is clearly shown for all xero-
(b) condensation reaction.

mpun et al., Deconvolution of carbon silica templated thin film using ES40
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gel samples, the bending of ES40-P123 template was stronger than
pure ES40. It is then called asymmetric stretching vibration and a
bending of Si-O-Si (siloxane) group.

As depicted in Fig. 3, Fityk software is used to investigate the
effect of carbon P123 addition to peak area. As presented by that
figure, the peak area ratio of silanol groups versus siloxane groups
(Si-OH/Si-O-Si) was analysed. The result shows the lower ratio for
pure ES40 xerogel sample which has the same calcination temper-
ature as ES40-P123 template xerogel sample (723.15 K). It was
expected that in ES40-P123 template xerogel, the nitric acid as a
carbon source was decompose at such temperature and remain
silanol as well as siloxane in the silica matrices [8]. The highest
area ratio of ES40-P123 template indicates the high surface area
of silanol or seems that the bonding of Si-OH was higher than Si-
O-Si. Otherwise, the lowest ratio of ES40 indicates the Si-OH bond
was lower than Si-O-Si bond. The bonds are not only those Si-OH
Fig. 3. Peak area ratios between Si-OH /Si-O-Si and xerogel types.

Table 1
Peak area ratio Silanol vs Siloxane in several work.

No Xerogels Calcination temperatures
(K)

Si-OH/Si-O-
Si

Reference

1 Si-Pectin 0.1% 573.15 0.114 [23]
2 Si-Pectin 0.5% 0.095
3 Si-Pectin 2.5% 0.068
4 Si-Pectin 0.1% 673.15 0.116
5 Si-Pectin 0.5% 0.072
6 Si-Pectin 2.5% 0.107
7 Pure ES40 723.15 0.089 This work
8 ES40-P123

35 wt%
0.093

Table 2
Peak area using Fityk (curve-fitting) software calcined at 723.15 K.

Xerogel types Area (m2)

Si-OH Si-O-S

Pure ES40 9.21 � 10-�5 1.034
ES40-P123 template 9.51 � 10�5 1.026
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and Si-O-Si, but there are also Si-C, C�C, C�O or C–H bonds and
usually not explained in briefly. However, the carbon chains’ bond-
ing in the silica-P123 materials were influenced by the tempera-
ture of calcination.

Table 1 shows the different optimum condition in each calcina-
tion temperatures. The higher calcination temperature, the quicker
evaporation process. It then creates the matrices become dense.
Meanwhile, at high calcination temperature might cause carbon
decomposition easily [10,24]. This condition affects the formation
of carbon become fewer up to null. Hence, the right/optimum cal-
cination temperature is important to achieve the maximum
results.

Table 2 shows the result of peak areas through deconvolution
using Fityk software. The peak area ratio between Si-OH and Si-
O-Si (Si-OH/Si-O-Si) for pure ES40 xerogel is also higher than
ES40-P123 template xerogel, it is 0.089 and 0.093, respectively.
The difference of calcination methods also contribute to the mem-
brane thickness. RTP method duration is lesser than CTP (Conven-
tional Thermal Processing). The duration is 3600 s/layer and
14400 s/layer for RTP and CTP, respectively. It makes the layer
using RTP is thicker than using CTP due to the solvent might be
trapped into silica matrices. The other benefit using RTP are time
saving and efficiently where result is similar to CTP technique
[10,17,25]. According to the work done previously by Wang [16],
RTP technique creates water molecules being retained inside the
xerogel pores at higher temperatures, thus favoring the condensa-
tion reactions and formation of siloxane bridges. Siloxane bridges
and carbon chains in silica networks has been reported as it oppose
the hydro-instability. According to FTIR analysis and curve-fitting
peak area using Fityk, the concentration of nitric acid (HNO3) used
as catalyst has a tendency to crack if it continues to form thin film.
It makes sense that the acid catalyst is usually added into sol gel
procedure to hydrolyze ES40 to form silanol (Si-OH) groups. The
addition of base catalyst (NH3) continue condensation reaction
and configure siloxane (Si-O-Si) groups, but it was not given the
good area which measured through the Si-OH/Si-O-Si.
4. Conclusion

This work focuses on investigating the effect of P123 templated
given into silica matrices of ES40 to fabricate material which
applied for water desalination. The hydrophobicity properties of
silica-P123 materials depend on the molar ratio of P123 concentra-
tion dissolved into silica mixtures and the homogenity of carbon
templating agent dissolved in the silica mixtures. The wavelength
results are 800; 975; and 1080 (�10�2 m�1) for Si-C; Si-OH, and Si-
O-Si, respectively. For pure ES40 xerogel, the areas of Si-OH; Si-O-
Si and Si-C are 9.21 � 10�5; 1.0344 � 10�3 and 8.28 � 10�5, respec-
tively and in m2 unit. Those results are much higher than the areas
of ES40-P123 template xerogel which have areas of 9.51 � 10�5;
1.0264 � 10�3; 8.10 � 10�5 in m2 unit for Si-OH; Si-O-Si and Si-C,
respectively. Hence, it shows that the peak area ratio between Si-
OH and Si-O-Si (Si-OH/Si-O-Si) for pure ES40 xerogel is also higher
than ES40-P123 template xerogel, it is 0.089 and 0.093, respec-
tively. P123 35 wt% is known as robust material due to the evalu-
ation of functional groups. Despite of those result, the fabrication
i Si-OH/Si-O-Si Si-C

4 � 10�3 0.089 8.28 � 10�5

4 � 10�3 0.093 8.10 � 10�5
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of silica sols applying catalyst through sol gel process was success-
full and promising potential application in desalination.
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