[ 1Y
YENY
s%

Semiyata\

PROSIDING

SEMIRATA 2014
Bidang MIPA BKS-PTN-Barat

“Integrasi sains MIPA untuk mengatasi masalah pangan,
energi, kesehatan, reklamasi, dan lingkungan”
IPB International Convention Center dan Kampus IPB Baranangsiang, 9-11 Mei 2014

KIMIA 1

(Sains, Integrasi dan Pendidikan)

Diterbitkan oleh; Fakultas Matematika dan Ilmu Pengetahuan Alam
Institut Pertanian Bogor

ISBN 078-6802-70401-0-9

Dipindai dengan CamScanne



BXS FTH Borut

PROSI DING
SEMIRATA 2014
Bidang MIPA BKS-PTN-Barat

“Integrasi sains MIPA untuk mengatasi masalah pangan,

H

energi, kesehatan, reklamasi, dan lingkungan
IPB International Convention Center dan Kampus IPB Baranangsiang, 9-11 Mei 2014

]

KIMIA 1

(Sains, Integrasi dan Pendidikan)

L |

biterbitkan oleh: Fakultas Matematika dan Ilmu Pengetahuan Alam
Institut Pertanian Bogor

DI o



2014
S ermrata




ISBN : 978-602-70491-0-9

PROSIDING

Seminar Nasional dan Rapat Tahunan Bidang MIPA 2014
“Integrasi Sains MIPA untuk Mengatasi Masalah Pangan, Energi, Kesehatan, Lingkungan, dan
Reklamasi”

Diterbitkan Cleh :

Fakultas Matematika dan lmu Pengetahuan Alam
Institut Pertanian Bogor

ii



Copyright© 2014

Fakultas Matematika dan Iimu Pengetahuan Alam, Institut Pertanian Bogor
Prosiding Seminar Nasional dan Rapat Tahunan Bidang MIPA 2014, 9-11 Mei 2014
Diterbitkan oleh : FMIPA-IPB, Jalan Meranti Kampus IPB Dramaga, Bogor 16680
Telp/Fax: 0251-8625481/8625708

http://fmipa.ipb.ac.id

Terbit Oktober, 2014

ix + 661 halaman

ISBN: 978-602-70491-0-9

it



Editor dan Reviewer

PROSIDING
Seminar Nasional dan Rapat Tahunan Bidang MIPA 2014

Direktor Editor
« Drs. Ali Kusnanto, MSi.
Dr. Heru Sukoco
Dr. Wisnu Ananta Kusuma
Dr. Imas Sukaesih Sitanggang
Auzi Asfarian, M.Kom
Wulandari, S.Komp
Dean Apriana Ramadhan, S.Komp

Editor Utama

Dr. Rika Raffiudin

Dr. Ence Damo Jaya Supena
Dr. Utut Widyastuti

Prof. Dr. Purwantiningsih

Dr. Tony lbnu Sumaryada

Dr. Imas Sukaesih Sitanggang
Dr. Wisnu Ananta Kusuma
Dr. drh. Sulistyani, MSc.

Dr. Indahwati

Dr. Schbri Effendi

Drs. Ali Kusnanto, MSi.

Editor Pembantu

s Sodik Kireno
Reviewer

Bidang Kimia

s  Prof.Dr. Purwantinigsih, MS

»  Sri Sugiarti, P.hD

e Dr. MRafi

o  Dr. Novriyandi Hanif

e  Dr. Irmanida Batubara

s  Dr. Deden Saprudin, M.Si

=  Prof.Dr.Dra. Dyah Iswantini, M.Agr

s  Budi Arifin, 5.5i, M.Si

» Dr. Eti Rohaeti, MS

¢  Prof.Dr.Ir. Tun Tedja Irawadi, MS

e Dr. 8 Mulijani, MS

e Prof. Ir. Suminar S. Achmadi, MSc, PhD

* Dr. Henny Purwaningsih, SSi, MSi
Bidang Biokimia

«  Dr. Sulistiyani

o  Dr. Suryani, M.Sc

« Dr. Syamsul Falah, S.Hut, M.S

_
iv




Kata Pengantar

Kegiatan Seminar dan Rapat Tahunan Bidang MIPA tahun 2014 (Semirata-2014 Bidang
MIPA) Badan Kerja Sama Perguruan Tinggi Negeri Wilayah Barat (BKS-PTN Baral) yang
diamanahkan kepada FMIPA-IPB sebagai penyelenggara telah dilaksanakan dengan sukses pada
tanggal 9-11 Mei 2014 di IPB International Convention Center dan Kampus IPB Baranagsiang,
Bogor. Salah satu program utama adalah Seminar Nasional Sains dan Pendidikan MIPA dengan
tema: “Integrasi sains MIPA untuk mengatasi masalah pangan, energi, kesehatan, dan
lingkungan”.

Dalam sesi pleno seminar telah disampaikan pemaparan materi oleh satu pembicara
utama dan empat pembicara undangan yang berasal dari beragam institusi dan profesi. Dari sesi
pleno ini, diharapkan peserta dapat menambah wawasan dan pemahaman tentang pengembangan
dan pemanfatan IPTEK, khususnya Bidang MIPA, sehingga sains dan pendidikan MIPA terus
berkembang dan dapat berkontribusi nyata untuk kemajuan dan kemakmuran bangsa Indonesia.

Kegiatan yang tidak kalah pentingnya dalam seminar ini adalah sesi paralel karena telah
memberi kesempatan kepada peserta untuk melakukan presentasi dan komunikasi ilmiah secara
langsung dengan sesama kolega yang mempunyai minat yang sama dalam mengembangkan Sains
dan atau Pendidikan MIPA. Dalam kegiatan sesi paralel ini dipresentasikan secara oral 592 judul
makalah hasil penelitian yang disampaikan dalam 37 ruang seminar secara paralel, dan juga
dipresentasikan 120 poster ilmiah. Dalam kegiatan komunikasi ilmiah secara langsung ini juga
telah dimanfaatkan untuk menjalin jejaring agar lebih bersinergi dalam pengembangan Sains dan
Pendidikan MIPA ke depannya. Supaya komunikasi ilmiah yang baik ini dapat juga tersampaikan
ke komunitas ilmiah lain yang tidak dapat hadir pada kegiatan seminar, panitia memfasilitasi untuk
menerbitkan makalah dalam bentuk Prosiding. Panitia juga tetap memberi kesempatan kepada
peserta yang akan menerbitkan makalahnya di jurnal ilmiah, sehingga tidak seluruh materi yang
disampaikan pada seminar diterbitkan dalam prosiding ini.

Dalam proses penerbitan prosiding ini, panitia telah banyak dibantu oleh Tim Reviewer
dan Tim Editor yang dikoordinir oleh Ali Kusnanto yang telah dengan sangat intensif mencurahkan
waktu, tenaga dan pikiran. Untuk itu, panitia menyampaikan terima kasih dan penghargaan. Panitia
juga menyampaikan terima kasih dan penghargaan kepada seluruh penulis makalah yang telah
merespon dengan baik hasil review artikelnya. Namun, panitia juga menyampaikan permohonan
ma’af karena dengan sangat banyaknya makalah yang akan diterbitkan dalam prosiding ini, waktu
yang dibutuhkan dalam proses penerbitan prosiding ini mencapai lebih dari empat bulan, dan
penerbitan prosiding tidak dilakukan dalam satu buku tetapi dalam tujuh buku prosiding. Semoga
penerbitan prosiding ini selain bermanfaat bagi para pemakalah dan penulis, juga dapat bermanfaat
dalam pengembangan Sains dan Pendidikan MIPA.

Bogor, September 2014
Semirata-2014 Bidang MIPA BKS-PTN Barat

Dr.Ir. Sri Nurdiati, MSc. Ence Darmo Jaya Supena
Dekan FMIPA-IPB Ketua Panitia Pelaksana
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ABSTRACT

Due fo the high demands for industrial applications and industries, many
approaches to synthesize conductive ceramics have been developed in the last
few decades. One of the most prospective approaches was room temperature
(RT) sol-gel methods. In this work, cubical garnet AlQO:MnO.8i0; was
synthesized successfully by RT-solgel method. The xerogel of alumina, mangan
oxide, and silica were calcined at 900°, 1000°, 1100°, and 1200°C, respectively,
to form conductive ceramics. Microstructure analysis by XRD and SEM,
demonstrated that and conductivity measurement. Our important finding was an
improvement in performance of microstructures, crystallinities and conductivities
by increasing calcinated temperatures.

Keywords: Calcinated temperature, Conductivity, Conductive Ceramics,
Microstructure, Solgel

1 INTRODUCTION

Electronics’ industries were developing rapidly for decades due to the demands of
electronics devices [1]. Annually, new products were faunchings by many manufacturers,
and this also followed by research and development for new products to come [2]. As part
of electronics components, conductive ceramics played an important role to support the
booms of electronics devices world. The demand of materials that could conduct electricity
and signal at high speed with minimal produce of heats enhances research about
conductive ceramics [3]. Conductive ceramics is useful to transmit signals and electricity,
besides it could be used as electric charge’s saver [4]. Therefore, conductive ceramics
materials were used in electric wires, optical fibres, antennas, microchips, transmitters,
semiconductors, resistors, capacitors and rechargeable batteries [5].

Many synthetic methods have been developed to produce conductive ceramics
every year. One interested method was sol-gel method [6]. It has been used for decades to
produce glass, aerosol, zeolite, composite, nanoparticle, and ceramics [7]. We used sol-gel
method to produce conductive ceramics by making variation in temperature of calcinations
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[8]. Our aim was to design the best microstructures in terms of crystallinities, rheologies,
and the relation to conductivity of conductive ceramics [9].
2 EXPERIMENTAL SECTION
2.1 Materials and Methods

In this research we used tetraethyl orthosilicate (TEOS) 99% Grade purchased from
Sigma-Aldrich Co.Ltd., ethanol 98% pure, Al(NOs)s .9H20, GR, and Mn(NOs). . 4H20, GR,
HNO; p.a, purchased from Merck.,GmbH., and Doubledistilled water purchased from Rafa
Medika.
2.2 Sol-Gel preparation of ceramics Al:0;.Mn0..Si0;

TEOS 2.23 mL was added to the mixture of ethanol 1.3 mL and water 2.25 mL.
Nitric acid 2N was added as a catalyst to complete the reaction:

(C,Hg)y — 0 — Si+ 4H,0 ﬂ Si0, +4C;H;OH
The mixtures were shaken for 1 hour to completely homogenize the miscible solution. 4.7
g AI(NO:):.9H20 and 2.429 g Mn(NO3)..4H.0O were added to the solution and shaken
continuously for 6 hour until the solution completely miscible. A homogenized clear sol was
evaporate in 60°C for 4 hour to become a wet gel, and then the wet gel was let to sit in room
condition under glass box for 7-10 days to become xerogel .
2.3 Calcination process and characterization of ceramics Al:03.Mn02.Si0;

Xerogel in above process was prepared 4 times to obtain 4 samples with similar
treatment, then the 4 gels were calcined at 4 different temperatures. One gel was calcined
at 900°C, one at 1000°C, one at 1100°C, and the last one at 1200°C, for 3 hours at their
fixed temperature. The products were characterized using XRD and SEM.

2.4 Capacitance measurement of ceramics Al.0;.Mn02.Si0;
The calcined ceramics of Alz03.MnQ..Si0; were prepared in pellet form. The LCR

meter was used to measure the capacitance value of ceramics.

3 RESULT AND DISCUSSION
3.1 Synthesis Result
The sol prepared by sol-gel method was clear, translucent and transparent as shown
on Figure 1, and the average time needed to form xerogel was 8 days. The physical
appearance of the sol was so homogeny as well as true solutions. At hydrolysis process,
the reactions is believed to occur as follow
(C;H30)4 — Si) + 2H,0(, e Si03(qq) +4CH50H g

This reactions was followed by the reaction with alumina and manganese salts

484



SiOz(aq) + ZAI(N03)3 . 9”20(1) +Mn(N03)24H20(D ?A1203.Mn02.5i02(aq)

+8NO, + 22 H;0(

This process was called the colloids method due to the process used nitric salts as
the precursor either alkoxide ion. Sol of Al;03. Mn0,.5i0;(,4) Then evaporated in a water
bath at 600C for 4 hours to help the condensation process and let the shrinkages occur.
After drying for about 7-10 days, the clear translucent xerogel was losen from the tubes.

Figure 1 Translucent sol of act ceramics Al,03. Mn0;.Si0;(,, prepared by sol-gel
methods

3.2 Calcination and Characterization Process

Powder xerogels, after being ground in mortar, then calcined in the furnace. The
calcination process was done for four samples in four calcination temperatures: 900°C,
1000°C, 1100°C, and 1200°C, respectively. Each sample was kept in fixed temperatures for
4 hours. After the calcination process, the appearance of ceramics 900°C, 1000°C, and
1100°C were all similar with black coloration in bulky form. However, the appearance of
ceramics calcined at a temperature of 1200°C was different. It formed a significant bulky

form after meiting. The appearance picture is presented in Figure 2.

Figure 2 The appearance of ceramics Al,03.Mn0,.5i0,(, after the calcination
process. (left) biack bulky form after calcined at temperatures of 900°C, the
similar form was also appeared for ceramics after calcined at a temperature
of 1000°C and 1100°C. {right) big bulky melted form of ceramics after calcined
at 1200°C
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Under calcination temperatures of 900°C, 1000°C, and 1100°C, the ceramics formed
compact structures since the visual appearance of the materials looked more homogeny.
However, under calcination temperature of 1200°C, the melting process broke the
structures and led the metals to react with the excess of oxygen in the furnace, and the
oxidation process took place in the following formula:

Al,03. Mn0,.Si0y) + 0, —z Al O3 + MnOz( + SiOy

Compounds on the left side were in compact structures, whereas compounds on the
right side were in isotropic oxide form. The detailed experiments about the transition
structures were presented in XRD data at Figure 3. Starting from the lowest temperature
(900°C), the peaks were showed at 20 of 26°, 349, 56° and 66°. Increasing calcination
temperatures made two peaks at 37° and 42° appeared. However, at calcination
temperature of 1200°C, all peaks were collapse to form isotropic liquids called amorphous.

12001 . liquid phase
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1000k ___J\ " ﬂ* : A
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2 theta

Figure 2 XRD spectrum of ceramics Al;03. Mn0,.5i0, under various calcination
temperatures

satuan acak

Using PCPDFWIN, we analyzed the XRD spectral and we found that ceramics
formed the cubic garnet structure. Double twin peaks that appear in temperature of 1000
and 1100°C were responsible for the reposition of Al and Mn in the central and in the cubic
corners. Our result were suited to compared with Sawada [10]. Reference to ICDS data No
50621, our product was found to be cubical garnet as presented in Figure 4. Highly graded
crystalline structures were gradually become better when calcination temperature
increased. The best crystalline structure was obtained at calcination temperature of 1100°C.
At this temperature, crystalline structure was at the highest performance before the
structure was collapsed to a frustratic isotropic phase, and melting at calcination
temperature of 1200°C.
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Figure 4 SEM picture of ceramics Al,03;. MnO0,.Si0,(;, under various calcination
temperatures (a) 900°C, (b) 1000°C, (¢)1100°C and (d) 1200°C

SEM pictures show that ceramics under calcination temperature of 1100°C, was
microscopically homogeny, as could be seen in spreadly dispersed homogeneous bulky
particles. Ceramic crystals were growth in two steps, those were; initiation step by
nucleation process, and then followed by crystal growing in-radially around the nuclei. From
SEM picture it could be seen that the optimum calcination temperature to form crystaliine
phase ceramic of Al,0;.Mn0,.5i0; was at 1100°C. Complete figure of SEM data

presented in Figure 5.

3.3 Capacitance Measurement of Ceramics Al; 03. Mn0,.5i05)

Capacitance value of ceramics Al,03. Mn0,.Si0,(;, was measured using LCR
meter. Measurement conducted by input voltage of 2 volt with time variation of 60 seconds.
Capacitance value vs calcination temperature was plotted as curve in Figure 6.

Capacitance measurement show that the maximum capacitance was at calcination
temperature of 1100°C. This could be explained that at 1100°C, crystalline structure of
ceramic was at good crystaliinity, so this made the electron transfer from metal to ion in
compact structure become much better. However at calcination temperature of 1200°C,
structures collapsed to become amorphous structure, and it caused the previous conductive

ceramic become an isolator.
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Figure 6 The relation between capacitance of ceramics Al;0;. Mn0,.5i0,; and

calcination temperature. (maximum capacitance at calcination temperature
of 1100°C)

4 CONCLUSIONS

In this research we have successfully prepared conductive ceramics by sol-gel
methods. Sol was prepared by hydrolysis precursor TEOS, then alumina and manganese
salts was added and mixed homogeneusly. Sol was evaporated at 60°C to formed xerogel.
The appearing of sol and xerogel was clear, translucent and transparent. Xerogels were
prepared four kinds in similar procedure and each were -calcination in 900°C,
1000°C,1100°C and 1200°C to form black bulky materials. XRD measurement presented
that the grade crystallinity were improved gradually from 900°C to 1100°C, but at 1200°C
the structure was collapsed to form frustrated isotropic phase and become amorphous, this
analysis was supported by SEM data. Capacitance measurements by LCR meter also
confirmed our result that the value of capacitance was increased by increasing calcination
temperature, but at 1200°C, at amorphous phase, the capacitance value drastically reduced
due to low graded crystallinity.
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