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ABSTRAK
ADHIYAKSA TRI OKTAV MELIANO. Pembuatan Bahan Komposit Organik
Berbasis Bahan Lokal (Serabut Kelapa, Sekam Padi, Pasir Besi Fe3O04, CoFe204)
Untuk Aplikasi Penyerap Gelombang Radar. Di Bawah Bimbingan ERFAN
HANDOKO, MANGASI ALION MARPAUNG.

Pasir besi yang dapat ditemukan dalam bentuk Fe;Os4 dan Cobalt ferit CoFe2O4
merupakan beberapa material magnetik yang mudah ditemukan dan memiliki
potensi magnetik yang dapat digunakan untuk menyerap gelombang radar. Sintesis
komposit Fe3Os dan CoFe;Os4 dengan matriks serabut kelapa dan sekam padi
dengan variasi komposisi (0%, 10%, 20%, 30%) yang dibentuk menjadi plat dengan
menggunakan metode mechanical milling dikarakterisasi dengan Permagraph dan
VNA. Sifat magnetik menunjukkan perbandingan besar magnetisasi remanansi
(Mr), magnetisasi saturasi (Ms) dan medan koersivitas (Hc) dari kedua bahan dasar
magnetik. Hasil VNA menunjukkan sampel komposit CoFe;O4/ Serabut Kelapa
paling optimal dengan nilai RL minimum -26.3371 dB pada frekuensi 12.61386
GHz dan penyerapan maksimum Am+T mencapai 99.53568%, sedangkan untuk
sampel matriks paling optimal adalah sampel Sekam Padi dengan nilai RL
minimum -25.687 dB pada frekuensi 12.47129 GHz dan penyerapan Am+T
mencapai 99.46081%.

Kata Kunci : Komposit Fe3sOs dan CoFe;Os4, mechanical milling, penyerap

gelombang radio, Absorpsi dan Transmisi (Am+T)
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ABSTRACT
ADHIYAKSA TRI OKTAV MELIANO. Development of Organic Composite
Materials Based on Local Materials (Coconut Fiber, Rice Husk, Fe3O4 Iron Sand
and CoFe»04) for Radar Wave Absorber Applications. Under the supervision of
ERFAN HANDOKO, MANGASI ALION MARPAUNG

Iron sand which can be found in the form of Fe3O4 and cobalt ferrite (CoFe204) is
among the magnetic materials that are readily available and possess magnetic
potential that can be utilized to absorb radar waves. A composite synthesis of Fe3O4
and CoFe;0O4 with a matrix of coconut fiber and rice husk in varying compositions
(0%, 10%, 20%, 30%), formed into plates using the mechanical milling method,
was characterized using Permagraph and VNA (Vector Network Analyzer). The
magnetic properties show a comparison of the remanent magnetization (Mr),
saturation magnetization (Ms), and coercivity field (Hc) of the two basic magnetic
materials. The VNA results showed that composite sample CoFe>O4/ Coconut Fiber
is the most optimal with a minimum RL value of -26.3371 dB at frequency
12.61386 GHz and maximum Am+T absorption reaching 99.53568%, on the other
hand with matrix sample, the most optimal is the Rice Husk sample with minimum
RL value of-25.687 dB at frequency 12.47129 GHz and maximum Am-+T
absorption reaching 99.46081%.

Keywords : Fe3;O4 and CoFe;O4 Composites, Mechanical Milling, Radio Wave
Absorber, Absorption and Reflection (Am+T)

vii



DAFTAR ISI

LEMBAR PENGESAHAN SKRIPSI ................... Error! Bookmark not defined.
LEMBAR PERNYATAAN ORISINALITAS ...... Error! Bookmark not defined.
KATA PENGANTAR ...ttt sttt v
ABSTRAK ... g . eeceerreeeene gy - T oo veeereennerans vi
ABSTRACT ...ttt ettt sttt et ess e e s e enaaeseeseense e vii
DAFTAR IS ...ttt ettt ettt et et st e sveste st e s s e st ane e eesatins viii
DAFTAR GAMBAR ...ttt sites ettt et st s e s s e as e eas X
DAFTAR TABEL.....ccitiiistiieieeteniiite it steieeteseeessesstasttan e stesseessesssessesseseenss xii
DAFTAR LAMPIRAN ....ccoeiiiiiiiieiiet ettt sttt ettt Xiii
DAFTAR SINGKATAN ....ootiiiiiieieeiestiesieete ettt eeessaesseeaesseeseenaesseesseensesseens Xiv
BAB 1 PENDAHULUAN ........ccociiiiiniiiiceiene Error! Bookmark not defined.
A. Latar Belakang .........cccccoveeviniiicnicnicnnne Error! Bookmark not defined.
B. Perumusan Masalah ..............c.ccoceennnnnn. Error! Bookmark not defined.
C. Tujuan Penelitian .........cccceeevvvevcieenieeennen. Error! Bookmark not defined.
D. Manfaat Penelitian .........c.ccccceevvveeennnnnee. Error! Bookmark not defined.
BAB II KAJIAN PUSTAKA .....ccooieiieeieeieene Error! Bookmark not defined.
A. Sifat Kemagnetan Material ........................ Error! Bookmark not defined.

17 o PerroMCRENEr e Error! Bookmark not defined.

2. &BaragmagnBikaiee”.. S & 8 W ... Error! Bookmark not defined.

3. DiamagnetikK.........ccoviveriiiiiiieniiiiienins Error! Bookmark not defined.

B. Pasir Besi (Fe304) .cooovviieiiiiniiiiicieeenee Error! Bookmark not defined.
C. Cobalt Ferit (CoFe204)...ccccevvevuerveneenennnee Error! Bookmark not defined.
D. SQsabut Kelapa........ 82 LT N Error! Bookmark not defined.
E.  Sekam Padi......ccccooooiiiiiiniiiiiiie, Error! Bookmark not defined.
F. Gelombang Radio...........ccceeuveeniiriiiiiennnenn. Error! Bookmark not defined.
G. Mechanical Milling ............ccccccvveecvvannnn.. Error! Bookmark not defined.
H. Karakterisasi Material .........c.ccccceevuereennene. Error! Bookmark not defined.

1. Vector Network Analyzer (VNA)........... Error! Bookmark not defined.

2. Permagraph ........ccocceeiiiiiiiniiiieee, Error! Bookmark not defined.

I.  Penelitian Relevan..........cccooceeviniincenennn. Error! Bookmark not defined.



BAB III METODE PENELITIAN......cevvveeeeennn.. Error! Bookmark not defined.

A. Tempat dan Waktu Penelitian..................... Error! Bookmark not defined.
B. Metode Penelitian..........ccoceveevenieneenncnne Error! Bookmark not defined.
1.  Alat dan Bahan Peneitian........................ Error! Bookmark not defined.
2. Prosedur Penelitian............ccccceeiienneennnen. Error! Bookmark not defined.
3. Karakterisasi sampel ..........cccccoevveiiunennnns Error! Bookmark not defined.

C. Teknik Pengumpulan dan Analisis Data....Error! Bookmark not defined.
1.  Teknik Pengumpulan Data..................... Error! Bookmark not defined.
2.  Teknik Analisa Data..........cccceevveniennnnne Error! Bookmark not defined.

BAB IV HASIL PENELITIAN DAN PEMBAHASANError! Bookmark not
defined.

A. Hasil dan Analisa Sintesis Fe3O4 dan CoFeOa........... Error! Bookmark not
defined.
B. Hasil Analisa Sifat Magnetik Alat Permagraph........... Error! Bookmark not
defined.

C. Hasil Analisa Penyerapan Gelombang Radar Alat VNA ...Error! Bookmark
not defined.

D. Kelebihan dan Kekurangan Penelitian........ Error! Bookmark not defined.

BAB V KESIMPULAN DAN SARAN................. Error! Bookmark not defined.
A, Kesimpulan .........coocoeiiiiiiiiniiiiinieee, Error! Bookmark not defined.
SR AT TET ) ST y—, jgo— Error! Bookmark not defined.

DAFTAR PUSTAKA ......coiiioiieieiieeerereeciiecenee e Error! Bookmark not defined.

BRAMPIRANEN.........-Sumer. . W 7 A Error! Bookmark not defined.

DAFTAR RIWAYAT HIDUP........ccceevevveernnee Error! Bookmark not defined.

1X



DAFTAR GAMBAR

Gambar 2.1 Momen magnetik bahan ferromagnetik (Kolhatkar dkk., 2013) Error!
Bookmark not defined.

Gambar 2.2 Momen magnetik bahan paramagnetik (Kolhatkar dkk., 2013). Error!
Bookmark not defined.

Gambar 2.3 Momen magnetik bahan diamagnetik (Kolhatkar dkk., 2013)... Error!
Bookmark not defined.

Gambar 2.4 Kurva histeresis magnet lunak dan magnet keras (Zhao dkk,. 2018)
................................................................................ Error! Bookmark not defined.

Gambar 2.5 Hasil XRD cobalt ferit (Dedi dkk., 2018)Error!  Bookmark not
defined.

Gambar 2.6 Hasil XRD serabut kelapa (Thirumurugan dkk., 2019) ............. Error!
Bookmark not defined.

Gambar 2.7 Hasil XRD sekam padi (Hossain dkk., 2018)Error! Bookmark not
defined.

Gambar 2.8 Perbandingan kurva histerisis Fe3Os4 murni dengan Fe3Os yang
dicampurkan dengan lignin (Pei dkk, 2020) .......... Error! Bookmark not defined.

Gambar 2.9 [lustrasi absorpsi gelombang elektromagnetik (Aswathi, 2018) Error!
Bookmark not defined.

Gambar 2.10 Skema prinsip kerja planetary ball milling (Burmeister , 2018)
................................................................................ Error! Bookmark not defined.

Gambar 2.11 Hasil XRD sampel RGO@Fe304 (Liu dkk., 2019)Error! Bookmark
not defined.

Gambar 2.12 (a) Kurva histerisis RGO@Fe;04, (b) Efektifitas refleksi gelombang
elektromagnetik dari RGO@Fe;04.........cueee....... Error! Bookmark not defined.

Gambar 2.13 Hasil XRD sampel CoFe,O4/RGO/CoFe;O4 (Zhang dkk.,2018)
................................................................................ Error! Bookmark not defined.

Gambar 2.14 RL sampel CoFe;04/RGO/CoFe;04 (Zhang dkk., 2018)......... Error!
Bookmark not defined.

Gambar 3.1 Diagram alir penelitian....................... Error! Bookmark not defined.

Gambar 4.1 Proses penelitian (a) penimbangan, (b) pencampuran dengan
menggunakan Planetary Ball Mill, (c) pengkompaksian dan pemanasan plat, (d)
pengujian sampel.........ccoeceerieriiienienieeieee e Error! Bookmark not defined.

Gambar 4.2 Sampel hasil (a) pencampuran, (b) kompaksi Permagraph, (c)
kompaksi VINA ..o Error! Bookmark not defined.

Gambar 4.3 Kurva histerisis (a) Fe3O4, dan (b) CoFe2O4Error! Bookmark not
defined.



Gambar 4.4 Pengujian sampel VNA....................... Error! Bookmark not defined.

Gambar 4.5 Grafik pengukuran VNA sampel komposit (a). CoFe2O4/Serabut
Kelapa, (b). Fe3Os/Serabut Kelapa, (c). CoFe.Os/Sekam Padi, dan (d).
Fe304/Sekam Padi. ....cccoooeviiiiiniiiiniinciciee Error! Bookmark not defined.

Gambar 4.6 Grafik RL dan Am+T dari sampel komposit Fe3Os dan CoFe;O4
................................................................................ Error! Bookmark not defined.

Gambar 4.7 Grafik pengukuran VNA sampel matriks (a). Serabut Kelapa dan (b)
Sekam Padi murni ........coeoveeviieiiieniieiieniecieee Error! Bookmark not defined.

Gambar 4.8 Grafik RL dan Am + T dari sampel matriks Serabut Kelapa dan Sekam
Padi MU ..coooviiiiiieieeeeeee e Error! Bookmark not defined.

X1



DAFTAR TABEL

Tabel 2.1 Komposisi senyawa pasir besi (Togibasa dkk., 2018)Error! Bookmark
not defined.

Tabel 2.2 Komposisi pasir besi (Tamuntuan dkk., 2019)Error! Bookmark not
defined.

Tabel 2.3 Karakteristik cobalt ferit (Wu dkk., 2018)Error! Bookmark  not
defined.

Tabel 2.4 Karakteristik serabut kelapa (Kumar dkk., 2021)Error! Bookmark not
defined.

Tabel 2.5 Karakteristik sekam padi (Amran dkk., 2021)Error! Bookmark not
defined.

Tabel 3.1 Kegiatan Penelitian 2025 ....................... Error! Bookmark not defined.

Tabel 3.2 Komposisi bahan penyusun komposit Fe3O4 dan CoFe>O4 dengan matriks
serbuk serabut kelapa dan serbuk sekam padi........ Error! Bookmark not defined.

Tabel 4.1 Massa sampel pada setiap tahap dalam sintesis material Fe;Os .... Error!
Bookmark not defined.

Tabel 4.2 Sifat magnetik material Fe3;04 dan CoFe2O4Error!  Bookmark not
defined.

Tabel 4.3 Data sifat penyerapan gelombang radio dari material filler Fe;O4 dan
CoFe204 dengan matriks Serabut Kelapa dan Sekam PadiError! Bookmark not
defined.

Tabel 4.4 Data sifat penyerapan gelombang radio dari material filler Fe;O4 dan
CoFe>04 dengan matriks Serabut Kelapa dan Sekam PadiError! Bookmark not
defined.

Tabel 4.5 Data sifat penyerapan gelombang radio dari material matriks Serabut
Kelapa dan Sekam Padi...........ccoccoviniiincniiinnnnnnnn. Error! Bookmark not defined.

Tabel 4.6 Data sifat penyerapan gelombang radio dari material matriks Serabut
Kelapa dan Sekam Padi........c.ccoceeviinieninienienenn Error! Bookmark not defined.

Tabel 4.7 Kelebihan dan kekurangan dari penelitianError! Bookmark  not
defined.

Xii



DAFTAR LAMPIRAN
Lampiran 1. Perhitungan Massa Sampel Fe304/CoFe>O4 dengan Matriks Serabut

Kelapa/Sekam Padi .........cccccoevvieiiiiiiiiiieeeee Error! Bookmark not defined.
Lampiran 2. Alat Penelitian ...........c.cccceeevveeenennnnee. Error! Bookmark not defined.
Lampiran 3. Bahan Penelitian..............ccccceveennenee. Error! Bookmark not defined.
Lampiran 4. Alat Karakterisasi .........cccccecevieennennen. Error! Bookmark not defined.

Lampiran 5. Pengolahan dan Perhitungan Data.....Error! Bookmark not defined.

Xiii



Am+T
CoFe204
EMI
Fe304

DAFTAR SINGKATAN

: Absorber Material + Transmission
: Cobalt Ferrite

: Electromagnetic Wave Interference
: Iron Ferrite

: Coercivity Field

: Magnetization Remanance

: Magnetization Saturation

: Planetary Ball Mill

: Radar Absorbing Material

: Reflection Loss

: Transmission Loss

: Vector Network Analy

Xiv






