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BAB I

PENDAHULUAN

1.1 Latar Belakang Masalah
Indonesia merupakan negara kepulauan terbesar di dunia, dengan luas wilayah
daratan sebesar 1.922.570 km? dan luas wilayah perairannya 3.257.483 km2. Di

wilayah daratan dijumpai ekosistem perairan umum berupa sungai, danau, waduk

dan rawa dengan luas mencapai 540.000 km2. IKlim tropis juga sangat berperan
terhadap tumbuh suburnya berbagai jenis tumbuhan gulma air. Tumbuhan gulma air
mampu tumbuh dan beradaptasi dengan cepat. Gulma air seperti rumput purun tikus
(Eleocharis dulcis), eceng gondok (Eichhornia Crassipes) dan kiambang (Pistia
stratiotes L) merupakan jenis gulma air yang memiliki sifat-sifat karakteristik laju
perkembangan yang sangat cepat dengan sifat adaptasi yang tinggi di berbagai kondisi
lingkungan. Keberadaan dari tumbuhan gulma air ini pada permukaan perairan dapat
menimbulkan masalah ekosistim perairan seperti mengganggu transportasi air,
mengakibatkan penurunan kualitas air, pendangkalan danau, sungai, waduk dan perairan
lainnya, penyumbatan aliran air, penurunan debit air sungai serta mempercepat
pendangkalan karena evaporasi. Selain merugikan karena dapat menimbulkan masalah
pada lingkungan dan cepat menutupi permukaan air, tumbuhan gulma air ini dapat
dimanfaatkan karena tumbuhan gulma ini mampu menyerap zat organik, anorganik,
logam berat lain yang merupakan bahan pencemar di wilayah perairan serta dapat
dijadikan sebagai bahan utama dalam pembuatan karbon aktif.

Purun tikus merupakan tumbuhan gulma yang tumbuh dan berkembang di lahan
rawa pasang surut yang berlumpur, banyak ditemukan di daerah terbuka di lahan
rawa yang tergenang air pada ketinggian 0—1.350 m di atas permukaan laut. Tumbuhan
ini juga banyak ditemui di daerah persawahan yang tergenang air. Purun tikus dapat
tumbuh dengan baik pada temperatur 30-35°C, dengan kelembapan tanah yang
berkisar antara 98-100%. Tanah yang cocok untuk pertumbuhan purun tikus adalah
tanah lempung atau humus dengan pH 6,9-7,3, tetapi purun tikus juga mampu tumbuh
dengan baik pada tanah masam (Flach and Rumawas,1996). Eceng gondok merupakan

gulma di air karena pertumbuhannya yang begitu cepat dan salah satu tanaman gulma


https://id.wikipedia.org/wiki/Kepulauan

air yang banyak ditemukan di daerah tropis dan sub-tropis seperti di wilayah asia
tenggara, pasifik, afrika dan beberapa daerah di amerika latin. Tumbuhan ini dapat
beradaptasi dengan perubahan yang ekstrem dari ketinggian air, arus air, dan
perubahan ketersediaan nutrien, pH, temperatur dan racun-racun dalam air (Gopal,
1987). Penyebaran dan pertumbuhan yang sangat cepat membuat eceng gondok menjadi
sebuah masalah baru bagi daerah perairan yang dapat mengganggu
keseimbangan ekosistem. Penggunaan tanaman gulma eceng gondok sebagai bahan
utama dalam pembuatan karbon aktif yang telah dilakukan sebelumnya menunjukkan
adanya potensi pemanfaatan yang menjanjikan seperti digunakan sebagai bahan
penyerap logam berat dan sebagai piranti penyimpan energi seperti kapasitor dan
Superkapasitor.

Pada penelitian ini akan ditinjau potensi pemanfaatan tumbuhan gulma di perairan
sebagai elektroda karbon untuk superkapasitor. Tumbuhan gulma ini diolah melalui
proses sederhana untuk dapat dijadikan sebagai karbon aktif tanpa perekat. Fokus
penelitian ini adalah untuk mencari jalur pembuatan elektroda karbon tanpa perekat
untuk aplikasi pada piranti superkapasitor dari tumbuhan gulma di perairan. Untuk
mencapai energi dan daya yang tinggi, bahan elektroda superkapasitor harus memiliki
luas permukaan spesifik (SSA) yang tinggi yang berfungsi untuk penyerapan ion,
distribusi dan ukuran pori (PSD) dapat dioptimalkan untuk menghasilkan kombinasi
energi dan daya spesifik yang diinginkan. SSA dan PSD sering dianggap sebagai dua
faktor kunci yang mengendalikan energi dan daya dari sebuah superkapasitor.

1.2. Rumusan masalah

Peta jalan kegiatan dalam penelitian ini merujuk pada langkah-langkah untuk
menghasilkan elektroda karbon dari tumbuhan gulma sebagai elektroda superkapasitor
tanpa perekat. Objek yang akan dikaji dalam penelitian ini adalah menghasilkan
elektroda karbon dengan proses aktivasi kimia dan fisika dari tumbuhan gulma untuk

dapat digunakan sebagai elektroda aktif pada piranti penyimpan energi superkapasitor.

1.3 Signifikansi Penelitian

Pembuatan elektroda karbon secara umum dikerjakan menggunakan peralatan
yang komplek dan biasanya menggunakan bahan asal dengan biaya produksi yang
relatif tinggi. Penciptaan metode baru dalam jalur yang sederhana menggunakan bahan

limbah biomasa merupakan alternatif yang perlu dilakukan untuk menekan biaya



produksi karbon. Langkah yang dilakukan adalah dengan mengunakan kombinasi waktu
ball miling, penyaringan melalui seleksi bahan asal yang sesuai. Bahan asal alternatif
yang dipilih sebagai prekursor dalam penelitian ini adalah rumput purun tikus, eceng
gondok dan kiambang. Berbagai proses aktivasi dilakukan untuk kontrol ukuran pori
guna menjamin kesesuai ukuran pori dari elektroda karbon yang dihasilkan dengan
berbagai jenis elektrolit baik berbasis air. Diharapkan dapat diperoleh elektroda karbon
teraktivasi dari tumbuhan gulma yang mempunyai nilai luas permukaan yang tinggi.

Nilai luas permukaan akan diselidiki dengan uji BET. Disamping itu juga ditinjau

strutur mikro dan morphologi elektroda karbon yang dihasilkan dengan analisa difraksi

sinar-X (XRD), imbasan mikroskop elektron (SEM) dan energi dispersif sinar-X

(EDX). Serangkaian kegiatan penyediaan dan karakterisasi elektroda karbon di akhiri

dengan uji sifat kapasitif dengan cara merakit sel superkapasitor model koin. Uji

sifat kapasitif akan dilakukan dengan beberapa metode seperti siklik voltammetri (CV)
dan galvanostatik cas-discas.

1.4 Tujuan
Tujuan yang akan dicapai dalam penelitian ini adalah mengembangkan

kemandirian dalam pembuatan elektroda karbon menggunakan tumbuhan gulma

perairan sebagai bahan dasar pembutan elektroda superkapasitor tanpa perekat dengan
biaya rendah. Adapun tujuan secara khusus adalah sebagai berikut :

a.  Menghasilkan elektroda karbon superkapasitor yang bersifat swa-merekat
menggunakan bahan-bahan dari tumbuhan gulma perairan (purun tikus, eceng
gondok, kiambang)

b.  Menyelidiki sifat morphologi permukaan, luas permukan, struktur Kkristal,
kandungan elemen bahan elektroda karbon mengunakan beberapa metoda seperti
imbasan mikroskop elektron, serapan gas N2 difraksi sinar-X, dan energi
dispersive sinar-X.

c.  Menyelidiki sifat elektrokimia elektroda karbon dengan membangun sel
superkapasitor melalui uji siklik voltammetri dan cas-discas menggunakan
elektrolit berbasis air.

d.  Menganalisa lebih jauh kesesuaian karbon aktif dari tumbuhan gulma

perairan sebagai elektroda superkapasitor tanpa perekat/monolit.

1.5 Penerapan Hasil Kegiatan



Apabila elektroda karbon berbasis bahan biomassa berasal dari tumbuhan
gulma perairan dapat diproduksi sebagai elektroda superkapasitor, maka
sebagai  keunggulan penelitian ini adalah ketersediaan bahan elektroda dengan biaya
murah serta dampak sampingnya adalah pengendalian tumbuhan gulma perairan dapat
dilakukan sehingga kelestarian lingkungan perairan dapat juga dipertahankan.

Secara khusus sampai akhir masa penelitian yang direncanakan diharapkan
pemanfaatan tumbuhan gulma perairan dapat memperkaya ketersediaan bahan asal
dalam pembuatan elektroda karbon superkapasitor. Dengan semakin meningkatnya
keberagaman bahan asal pembuatan elektroda tentu dapat digunakan untuk menekan
biaya produksi pembuatan piranti superkapasitor. Keberhasilan pengembangan elektroda
superkapasitor berbasis bahan biomassa dapat dijadikan tonggak untuk
meningkatkan pengunaan superkapasitor pada berbagai bidang aplikasi seperti mobil
hibrida, kereta api, peralatan elektronik dan lain sebagainya. Lebih jauh lagi, potensi
alam dan lingkungan yang dimiliki oleh Indonesia akan menjadi unik dan kompetitif
dalam dunia internasional apabila mampu membuka terobosan teknologi. Untuk
mencapai hal tersebut, pendekatan lintas bidang menjadi penting dalam penelitian ini,
terutama untuk mengkombinasikan ilmu dan teknologi dengan keunggulan potensi

alam agar mempunyai nilai tambah baik secara teknologi nano dalam skala industri.



BAB Il

TINJAUAN KEPUSTAKAAN

2.1. Pengenalan
Superkapasitor atau ultrakapasitor [3] adalah istilah yang digunakan untuk

piranti penyimpan energi listrik yang mempunyai nilai kapasitan mencapai ribuan farad.
superkapasitor menjadi piranti penyimpan energi listrik yang baik untuk penyimpanan
energi. Komemersial produk superkapasitor mempunyai spesifik energi dibawah 10 Wh
kg™, lebih rendah jika dibandingkan dengan batterai litium ion batterai dapat mencapai
150 Wh kg™. Superkapasitor mempunyai spesifik daya yang lebih tinggi dari betterai.
Sisi positif lain adalah siklus hidup yang lebih tinggi, dapat dioperasikan pada

jangkauan temperatur yang lebih besar dan cas serta dis cas yang cepat.

Electrode materials for supercapacitors

Stage 1 (1957) Stagze 2 (1971) Stage 3 (1993)
Materials utilise double- Materials utilise Composites that combine double-layer
layer capacitance psuedocapacilance and psuedocapacitance
) A * - Various carbon Warious carbon

Carbon| | Carbon | | Activated| | Carbon Metal | | Conducting ) e ) L

: materials & materials &
fibres | |aerogels | | carbons | [nanotubes| |oxides|| polyvmers e 3 ] ]
- metal oxides conducting polymers

Gambar 1. Perkembangan penyelidikan bahan elektroda superkapasitor.

Penyelidikan pada supercapasitor dapat dibagi dalam dua kelompok
berdasarkarkan pada cara penyimpanan energi yang disebut: 1) superkapasitor redox
dan 2) kapasitor elektrokimia dua lapisan. Superkapasitor redox (juga dikenal dengan
istilah pseudocapacitor), dimana sebuah tipe transfer muatan refersibel Faradaic yang
menghasilkan kapasitan, yang bukan elektrostatik murni (sehingga diberi awalan
‘pseudo’ yang membedakan dari kapasitan electric statik). Sedangkan, penyimpanan
tenaga pada kapasitor elektrokimia dua lapisan (KEDL) hampir menyerupai kapasitor
tradisional yaitu melalui pemisahan muatan. Superkapasitor dapat menyimpan lebih

banyak energi per unit masa atau volume dari pada kapasitor konvensional karena: 1)



pemisahan muatan terjadi pada jarak yang sangat kecil pada KEDL yang terjadi pada
perbatasan elektoda dan elektrolit [4] 2) jumlah muatan yang dapat tersimpat dapat
ditingkatkan dengan luas permukaan yang tinggi. Mekanismen penyimpanan energi
berlangsung secara cepat karena melibatkan perpindahan ion dari dan keluar permukaan
elektroda. Pembagian lengkap tentang jenis bahan elektroda ditampilkan pada Gambar
1. Superkapasitor jenis KEDL adalah kategori supercapasitor yang sangat maju
dikembangkan. Karbon dalam berbagai bentuk, secara intensif terus di kaji dan
digunakan secara meluas sebagai materila elektrod pada KEDL yang pengembangan di
fokuskan pada pencapaian luas permukaan yang lebih tinggi dengan berbagai bahan asal
yang lebih murah, limbah perkotaan merupakan bahan asal yang potensial dijadikan

bahan asal elektroda superkapasitor dengan harga yang relatif murah.

2.2. Struktur KEDL

Struktur superkapasitor terdiri dari dua buah elektroda yang terendam dalam
elektrolit, dengan sebuah pemisah ion-permeabel yang terletak diantara kedua elektroda,
seperti yang ditunjukkan pada Gambar 2. Dalam piranti seperti itu, masing-masing antar
muka elektroda elektrolit mewakili sebuah kapasitor sehingga sebuah sell lengkap dapat
dipandang sebagai dua kapasitor tesusun secara seri. Untuk kapasitor simetris (elektroda

yang sama), kapasitan sell, ditunjukkan sebagai :

11,1

4l ®)

Ccet C1 G

Dimana C; dan C, mewakili kapasitan untuk elektrod pertama dan kedua [5]. Kapasitan
dwi-lapisan , Cg, pada masing-masing antara muka elektrod ditunjukkan dengan

rumusan

EA

Ca = — (2

4Tt

Dimana ¢ adalah konstanta dielektrik dari daerah dwi-lapisan, A adalah luas permukaan
dari elektroda dan t adalah tebal dari dwi-lapisan elektrik. Pada kapasitor dwi-lapisan,
merupakan kombinasi dari luas permukaan yang tinggi (biasanya > 1500 m? g™) dengan
pemisahan muatan yang sangat kecil (Angstroms) yang dapat menghasilkan kapasitan
yang tinggi [6]. Energi (E) dan daya (Pmax) dari superkapasitor dapat ditentukan

berdasarkan



1

E==CV?
2

V2

Brax = IR

(3)

(4)

Dimana C adalah kapasitan dc dalam Farads, V adalah tegangan dan R adalah eguivalen

tahanan series (ESR) dalam ohm [6].

Porous, high surface area particles
or fibers (1000-2000 m2/gm)

Electrolyte between particles or fibers
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(ionic conductor)

AV

Y RO R NP
\ "N “”‘-. y . - \.*.‘. Substrate (electrode)
v ! 4.1” . N <
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- N~ N
\ \\
A Electrolyte
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double layer.
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Gambar 2. Struktur superkapasitor
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BAB 111

METODOLOGI PENELITIAN

3.1 Prosedur Penelitian

Adapun metodologi penelitian ini akan melalui tahapan-tahapan seperti yang

digambarkan dalam diagram alir berikut ini pada Gambar 3. Dimana sampel tumbuhan

gulma perairan yang diteliti untuk dijadikan elektoda piranti superkapasitor adalah

Rumput purun Tikus dan Tanaman Eceng gondok. Sampel tumbuhan pertama sekali

mengalami penjemuran dan pengeringan,dipotong-potong dan di prakarbonisasi.

Setelah itu dihancurkan sampai menjadi serbuk dengan ukuran partikel yang seragam

dengan melalui proses pengayakan. Selanjutnya beberapa proses aktivasi kimia dan

fisika dan sampai dihasilkannya pellet karbon setelah melalui proses pencetakan. Akhir

sekali adalah proses perakitan sel superkapasitor dan proses pengujian sifat

elektrokimia menggunakan cyclic voltrammetry (CV) dan Galvanostatik cas-discharge.

Rumput purun tikus

-

Pengolahan awal purun tikus

¥

Pra-karbonisasi

v

Penghalusan dan pengavakan

e Penjemuran matahari
selama 48 Jam

* Pemotongan purun tikus =35
cm

e Pengeringan oven 110°C
selama 48 jam

v

Aktivasi kimia

fm==--

v

Pencetakan pellet karbon
(Hyvdraulic Press, dengan tekanan 8 ton)

e Penggilingan
menggunakan mortar

e Ballmilling selama 20 jam

e Pengayakan dengan ukuran
ayakan 39-52 um

Agent kimia, KOH, H;PO.,

v | HNOs dan ZnCl: dengan
| Karbonisasi dan aktivasi fisika | bl varan Kramssitias
| >
v I_ :
| Pellet karbon aktif rumput purun tikus | Pemole‘sam pencucian,. .dan
— pengeringan
v
| Pembuatan sel superkapasitor | Pengukuran densitas pellet
v

Pengukuran kapasitansi spesifik superkapasitor
menggunakan Cyclic Voitammetry (CV7) dan
Galvanostatik cas-discas (GCD)

v

Karakterisasi SEM, EDX, XRD dan BET

Analisa data
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Eceng gondok

e Penjemuran matahari

I - | selama 48 jam

l Pengolahan awal eceng gondok |— -=| e Pemotongan eceng gondok
v =5 cm

| Pra-karbonisasi | e Pengeringan oven 110°C
- selama 48 jam

l Penghalusan dan pengavakan |- v s g
v : menggunakan mortar

| Ak‘i"aii kimia |" “1 e Ballmilling selama 20 jam

Pencetakan pellet karbon
(Hydraulic Press, dengan tekanan 8 ton)

e Pengavakan dengan ukuran
ayvakan 38 um

Agent kimia, KOH. H3PO..

v !_| HNOs; dan ZnCl, dengan
I Karbonisasi dan aktivasi fisika | DB vanias ko
|
v L 2
| Pellet karbon aktif eceng gondok I Pernoh?saxx pencucian, . dan
. pengeringan
v
I Pembuatan sel superkapasitor I Pengukuran densitas pellet
v

Pengukuran kapasitansi spesifik superkapasitor
menggunakan Cyvclic Voltammetry (CV7) dan
Galvanostatik cas-discas (GCD)

v
Karakterisasi SEM, EDX, XRD dan BET

Analisa data

Gambar 3. Diagram alir penelitian dan luaran kegiatan penelitian

Untuk pengujian karakterisasi bahan elektroda dari tanaman gulma perairan ini,
sampel akan diuji luas permukaannya dengan Scanning Electron Micrograph (SEM)
mikrograf dan Energy Dispersive X-Ray (EDX) untuk mendeteksi kandungan carbon
dan unsur-unsur yang dibawanya. Dan serangkaian uji XRD dan BET untuk

mengobservasi sifat kekristalan dan ukuran porositas elektroda.

3.2 Uraian Lengkap Kegiatan Penelitian

Metode penelitian yang akan direncanakan selama enam bulan pelaksanaan
efektif ini dibagi menjadi tiga bagian. Fokus penelitian setiap fasenya ditujukan pada
pemilihan bahan dasar yang digunakan. Bahan dasar dalam pembuatan elektroda
superkapasitor pada penelitian fase pertama difokuskan pada rumput purun tikus, fase
kedua pemanfaatan eceng gondok. Setiap fase kegiatan dalam proses penelitian diawali
dengan persiapan bahan dasar hingga pengujian sifat fisika dan sifat elektrokimia dan
disertai dengan fabrikasi sel superkapasitor. Secara lengkap diagram alir penelitian
dibawah

bertanggungjawab mengontrol pelaksanaan kegiatan secara keseluruhan khususnya

untuk setiap fase di tampilkan pada Gambar ini. Ketua peneliti
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dalam pembuatan elektroda karbon untuk superkapasitor dari tanaman gulma air, serta
membuat laporan hasil kegiatan. Anggota peneliti satu (1) bertanggungjawab dalam
merancang dan mengontrol pelaksanaan penelitian. Peneliti satu dan dua juga sama-
sama bertanggung jawab dalam merevisi draf dan submisiion artikel ilmiah. Sementara
anggota penunjang memberikan fasilitas pemakaian Laboratorium dan pengukuran serta
ikut andil dalam diskusi-diskusi peningkatan kualitas penelitian dan produk yang
dihasilkan. Elektrolit yang digunakan dalam sel superkapasitor adalah asam sulfat dan
kemudian ditambah bahan aditif sehingga pergerakan ion lebih efektif dan sifat
kapasitan dapat ditingkatkan. Pelaksanaan kegiatan dilaboratorium Teknik Industri Uin
Suska Riau dan di Laboratorium Fisika material Universitas Riau, Pekanbaru.

3.3 Jadwal Kegiatan

Item | Kegiatan Bulan ke-
3 4

1 Merancang pelaksanaan
eksperimen

N

Pengumpulan Bahan
mentah

Pembelian bahan kimia

Pre-carbonization

Aktivasi kimia

Karbonisasi

Aktivasi Fisika

Polishing and washing

OoNO|O|&~W

Karakterisasi Karbon
aktif

*

High surface area of
ACM

10 Fabrikasi Sel
supercapasitor

11 Karakterisasi Sel
supercapasitor

* High energy and power
of EC based on ACM

12 Laporan dan persiapan
draft untuk publikasi
internasional

*milestone
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3.4 Road Map Penelitian

Road map penelitian dapat dirici sebagai berikut. Tahun 2013-2014 capaian
penelitian adalah pembuatan elektroda superkapasitor komposit dari bahan karbon dan
logam oksida, masih bahagian road map bersama dengan rekan sejawat dari Universitas
Riau. Tahun 2015-2017 capaian adalah dihasilkannya nano karbon fiber dari bahan
biomassa untuk elektroda kapasitor, bersama dengan rekan sejawat dari Universitas
Riau. Tahun 2018-2019 capaiannya adalah dihasilkannya sel superkapasitor berbasis
elektroda karbon nano fiber dengan elektrolit diadditif secara kimia, road map sudah
diarahkan menjadi road map pribadi. Tahun 2020-2022 adalah dihasilkannya
superkapasitor berbasil elektrolit organik dengan bantuan bahan biomassa seperti pati
sagu, kentang untuk superkapasitor tahan kering. 2023-2025 ditargetkan dapat
dihasilkannya sel superkapasitor unggul berbasis nano karbon dari bahan biomassa
dengan elektrolit berbasis bahan organik yang anti kering sehingga ini akan menjadi
batu loncatan pertama untuk target kerja pengembangan keilmuan selama 12 tahun.
Target berikutnya akan dijabarkan lagi menjadi beberapa target kecil dan target besar
untuk beberapa tahun selanjutnya guna menghasilkan batu loncatan kedua. Demikianlah
seterusnya pengembangan keilmuan yang dilakukan berdasarkan tetapan target sehingga
dapat dicapai tepat sasaran dan terarah. Dalam bentuk diagram road map penelitian
ditampilkan dalam Gambar 4 dibawah.

Tahnan 20232025
dihazikannya sel
supetkapasitor unggul
bethasis nano katbon dari

hahat biothass a dengat

Tahun 2013-2014 .
ittty tmmoaben A prkapasio e
supetkapasitor oz dlewd heibem herbasis eleltroda otgatul Fang anti ke ring
komp osit karhon hiomassa untuk kathon nano fiber
dlan logam aksida elektroda dengan elektralit

kapasitar diadditif secara

kimia

Gambar 4. Road Map penelitian hingga tahun 2025.
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BAB IV
HASIL DAN PEMBAHASAN

4.1 Elektroda Karbon dari Eceng Gondok
4.1.1 Analisa Sifat Termal

Sifat termal karbon aktif dari eceng gondok dianalisis dengan menggunakan
Thermogravimetric (TG) dan Diferensial Termografi Termal (DTG). Parameter yang
diteliti adalah perubahan massa sampel terhadap perubahan suhu. DTG digunakan untuk
mengukur laju perubahan massa sampel terhadap kenaikan suhu. Kedua analisis ini
dilakukan pada kisaran suhu 30-600 ° C pada laju pemanasan 10 °C min™ dalam
lingkungan gas N,. Massa sampel untuk analisis termal adalah 7,199 mg. Data sifat

termal untuk sampel eceng gondok sebelum karbonisasi ditunjukkan pada Gambar 5.
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Gambar 5. The TG, dan kurva profil DTG untuk sampel enceng gondok

Gambar 5 menunjukkan profil perubahan massa sampel dalam persen (%)
terhadap suhu (C). Kurva TG pada Gambar 1 diwakili oleh garis putus-putus. Data TG
menunjukkan pola pengurangan massa sampel ketika suhu dinaikkan. Penurunan massa
yang signifikan terjadi pada kisaran suhu 30-151 °C, 210-353 °C dan kemudian massa
sampel menurun secara bertahap dari suhu 353-600 °C. Pengurangan massa pertama
pada rentang suhu pertama 30-151 °C setinggi 5,66% dipengaruhi oleh pelepasan kadar
air (Luo et al. 2011; Madrid et al. 2013;Gao et al. 2013). Yang kedua pada kisaran

temperatur 210-353 °C sebesar 23,56% dipengaruhi oleh dekomposisi simultan selulosa
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dan hemiselulosa (Yao et al. 2008), sedangkan pada tahap ketiga pengurangan massa
sampel terjadi karena dekomposisi lignin (Fisher et al. 2002; Harun et al. 2011).

Kurva DTG ditunjukkan oleh garis padat pada Gambar 5, bentuk kurva ditandai
dengan adanya dua puncak pada suhu 55 °C dan 304,9 °C, masing-masing. Puncak ini
menunjukkan laju reduksi massa optimum terhadap suhu. Puncak pertama menunjukkan
laju degradasi massa optimum pada kisaran suhu 30-151 °C oleh 0,060 mg min™,
sedangkan pada puncak kedua menunjukkan laju degradasi massa optimum yang
dialami oleh sampel adalah 0,290 mg min™ dan terjadi pada kisaran suhu 210-353 °C.
Temperatur 304,9 °C ini menunjukkan laju degradasi massa optimum yang merupakan
dekomposisi maksimum dari elemen dasar sampel untuk meningkatkan unsur karbon.
Suhu ini kemudian dipilih sebagai suhu resistan dalam proses karbonisasi sampel untuk

memastikan tingkat kemurnian karbon yang lebih tinggi.

4.1.2 Massa, diameter, ketebalan dan kerapatan elektroda

Hasil pengukuran massa, diameter, ketebalan, dan densitas elektroda sebelum
dan sesudah aktivasi karbonisasi, dan setelah proses pemolesan ditunjukkan pada Tabel
1. Massa, diameter, ketebalan, dan densitas elektroda sebelum aktivasi karbonisasi
Prosesnya hampir sama, hasil ini masuk akal karena perlakuan sampel yang sama
sementara perbedaan hasil adalah karena serbuk pra-karbon yang terbuang selama
proses pencetakan pada tekanan kompresi. Massa, diameter, ketebalan, dan kepadatan
elektroda CMWH setelah proses aktivasi karbonisasi mengalami penurunan karena
pelepasan bahan non-karbon selama proses aktivasi karbonisasi (Farma et al. et al.
2013). Massa elektroda CMWH setelah proses pemolesan menunjukkan perbedaan, hal
ini disebabkan oleh perbedaan ketebalan elektroda, ketebalan elektroda yang lebih besar
akan menghasilkan massa elektroda yang lebih tinggi. Sedangkan diameter elektroda
setelah proses pemolesan juga memiliki perbedaan, hal ini disebabkan oleh erosi
elektroda selama pemolesan. Perbedaan kerapatan elektroda setelah pemolesan karena
perbedaan ketebalan untuk setiap sampel. Kepadatan tertinggi ditemukan oleh sampel
CMWH3 dengan ketebalan elektroda 0,30 mm yaitu 0,70 gcm™, sedangkan nilai
densitas terkecil adalah CMWH1 sampel dengan ketebalan 0,26 mm yaitu 0,65 g cm™.

Hasil ini dipengaruhi oleh perubahan massa dan diameter karena proses pemolesan.
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Tabel 1. Massa (g), diameter (mm), ketebalan (mm), dan densitas (g cm)

Kode Sebelum Karbonisasi- Setelah Karbonisasi-aktivasi Setelah pemolesan
sampel aktivasi
m d t p m d t p M d t p

CMWH1 0582 19.72 0235 0.81 0.192 1358 0.162 0.82 0.022 1290 0.26 0.65
CMWH2 059 1995 0.243 0.78 0.195 13.85 0.161 0.80 0.0235 12.68 0.28 0.66
CMWH3 0573 19.78 0.234 0.80 0.213 1429 0.168 0.79 0.028 13.01 0.30 0.70

4.1.3 Analisa Serapan gas N,

Gambar 6a menunjukkan data isotermis adsorpsi-desorpsi gas N pada sampel
elektroda karbon, data ini menunjukkan hubungan antara volume adsorpsi-desorpsi
dengan tekanan relatif (P/Py). Model adsorpsi-desorpsi gas N, yang ditunjukkan pada
Gambar 6a adalah tipe 1V menurut klasifikasi IUPAC meskipun ada sedikit perbedaan
dalam kondisi tekanan yang relatif besar. Penegasan tipe IV ditunjukkan oleh

peningkatan volume penyerapan pada tekanan relatif 0,4.

350
—&— Adsorption (a) 0.0010 1 1 (b)
300 1 | —e— Desorption
- ~ 0.0008
Ten 250 1 20
g E 0.0006 1
& 200 4 -
= g
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© ~ 10,0004 1 L
E 150 4 3
S >
> L] ]
100 - 0.0002
50 0.0000 s 4
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Relative Pressure P/Po (atm) Pore diameter (nm)

Gambar 6. (a) adsorpsi-desorpsi isotermal gas N, dan (b) distribusi ukuran pori

Gambar 6b menunjukkan hubungan antara dV/dr (d) ke diameter pori sampel
menggunakan metode BJH. Metode BJH digunakan untuk melihat distribusi pori dari
kisaran 3,5 hingga 40 nm. Dapat dilihat bahwa penurunan volume pori terjadi pada
kisaran diameter pori 3,5-7,0 nm dan menunjukkan volume pori maksimum pada
diameter 3,5 nm dari 0,001 cm®*nm™g™. Volume penyerapan maksimum menunjukkan
bahwa diameter pori sampel dominan berada dalam kisaran mesopori. Penegasan data
adsorpsi-desorpsi tipe IV diperkuat dengan rata-rata diameter pori BJH 3,5911 nm, yang
menunjukkan diameter pori rata-rata sampel dalam kelompok mesopori yang sesuai
dengan karakteristik tipe IV (Senthilkumar et al. 2013). Senthilkumar dkk. 2013 dengan
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bahan yang sama juga memperoleh diameter pori dalam Kkisaran mesopori
(Senthilkumar et al. 2013).

Data luas permukaan spesifik (Sger), luas permukaan BJH, volume BJH, dan
diameter ditunjukkan pada Tabel 2. Zhang et al, 2012 dan Kurniawan dkk, 2015 juga
mempelajari materi yang sama yang diperoleh luas permukaan spesifik (SBET) sebesar
579,94 m? g (Zhang et al. 2012) dan 761 m? g (Kurniawan et al. 2015).

Table 2. Hasil pengukuran serapan gas N, dari sampel eceng gondok

Sample SgeT SBiH VBiH DsainH
(m*g™) (m*g?) (cm®g™) A)
CMWH 776.213 130.548 0.133 35.911

4.1.4 Analisa Morfologi Permukaan

Gambar 7a dan 7b menunjukkan sampel SEM mikrograf CMWH pada
pembesaran 5000x dan 40000x. Gambar 3a dengan menunjukkan morfologi permukaan
CMWH vyang berbentuk seperti gumpalan dan didominasi oleh warna hitam yang
diasosiasikan dengan partikel karbon dan juga terlihat partikel yang berwarna putih
halus menunjukkan unsur-unsur lain selain karbon. Pada pembesaran ini, tidak ada
makropori pada permukaan sampel CMWH. Sedangkan Gambar 7b adalah pembesaran
di daerah ditandai dengan warna merah pada Gambar 7a. Partikel halus ini memiliki
bentuk yang cenderung teratur dengan bentuk oval yang didominasi oleh panjang 0,44

pum dan lebar 0,38 pum.

SEI  16kV X40,000 0.8um . “e——

x5,000# &;/m
. it 160%ug 2017, | FMIPAITB 18 Aug 2017

Gambar 7. Mikrograf SEM dari sampel CMWH (a) CMWH pada perbesaran 5000x
(b) CMWH pada perbesaran 40000x

18



4.1.5 Analisa Kandungan Unsur
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Gambar 8. Hasil pengujian menggunakan Energi dispersif sinar-X sampel eceng gondok

Hasil uji EDX dari sampel ditunjukkan pada Gambar 8 yang dipilih di area 15
um2 yang ditunjukkan oleh kotak hijau dalam gambar SEM yang disisipkan di sisi
kanan atas. Data EDX menunjukkan unsur-unsur yang terkandung dalam sampel
CMWH yaitu karbon (C), magnesium (Mg), kalium (K), kalsium (Ca), mangan (Mn),
tembaga (Cu), strontium (Sr) dan barium (Ba). Kandungan unsur-unsur penyusun
sampel didominasi oleh karbon dan kalsium pada 0,277 keV dan 3,690 keV yang
ditunjukkan oleh jumlah tertinggi, masing-masing. Persentase massa dan atom adalah
69,74%, 88,55%, untuk karbon dan 24,44%, 9,30% untuk kalsium, masing-masing.
Unsur-unsur lain seperti Magnesium, kalium, mangan, tembaga, strontium, dan barium
dengan energi 1,253 keV, 3,312 keV, 5,894 keV, 8,040 keV, 1,806 keV dan 4,464 keV,
masing-masing. Studi lain dengan bahan baku yang sama juga menemukan adanya
unsur-unsur lain selain karbon seperti klorin, kalium, oksigen, dan kalsium [27]. Data
lengkap tentang unsur-unsur yang terkandung dalam sampel ditunjukkan pada Tabel 3.
Tabel 3. Pesentase kandungan unsur elektroda CMWH

No Kandungan massa atom
Unsur (%) (%)
1 Karbon (C) 69.74 88.55
2 Magnesium (Mg) 1.60 1.01
3 Kalium (K) 0.72 0.28
4 Kalsium (Ca) 24.44 9.30
5 Mangan (Mn) 2.31 0.64
6 Tembaga (Cu) 0.36 0.09
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7 Strontium (Sr) 0.78 0.14
8 Barium (Ba) 0.05 0.01

Total 100 100

4.1.6 Analisa Sifat Kristalinitas
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Gambar 9. (a) Pola difraksi sampel CMWH (b) Fittings menggunakan perangkat lunak
Microcal origin

Kurva hasil karakterisasi difraksi sinar-X untuk sampel CMWH dapat dilihat
pada Gambar 9. Data difraktogram XRD menunjukkan hubungan antara intensitas X-
ray (au) dan sudut hamburan 20 (derajat), data ini menunjukkan bahwa ada dua
Memperluas puncak pada 20 sudut 24.429° dan 46.198 °, yang sesuai dengan bidang
hamburan d002 dan d100 untuk bahan karbon (Taer et al. 2011). Pada Gambar 9a kedua
puncak ini tidak terlalu jelas, terutama puncak sesuai dengan sudut 24.429°, setelah
melalui proses normalisasi menggunakan perangkat lunak Microcal origin kedua
puncak ini terlihat lebih jelas dan ditunjukkan pada Gambar 9b. Kedua puncak yang
meluas ini menunjukkan sampel CMWH memiliki struktur amorf. Sudut 20
mengilustrasikan jarak antara lapisan Kisi (dnq) yang dipengaruhi oleh struktur partikel,
di mana semakin besar sudut hamburan 20 semakin kecil dng yang dihasilkan. Sampel
CMWH memiliki dpq untuk pesawat dogz dan dige, masing-masing 3,64 A dan 1,96 A.
Ketinggian tumpukan (L) setinggi 9.41 A dan lebar tumpukan (L.) sebesar 8,01 A.
Selain itu juga ditemukan beberapa puncak tajam dan ditandai dengan tanda bintang
pada sudut 23,02°; 29,36°; 31,91°; 35,95°, 37,5°; 39,38°; 43,12°; 47,44°; 53.81°;
56,56°; 57,35°; 60,65° dan 65,52°. Puncak tajam ini menunjukkan adanya senyawa
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Kalsium karbonat (CaCO3) dan Selulosa (CgH100s). Kehadiran senyawa Kalsium
karbonat dan Selulosa dalam sampel CMWH berasal dari bahan yang diserap dari
lingkungan dan bahan penyusun untuk tanaman enceng gondok.

4.1.7 Analisa Sifat Kapasitif
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Gambar 10. Kurva CV sel superkapasitor untuk sampel CMWH1, CMWH2, dan
CMWH3

Gambar 10 menunjukkan data Cyclic Voltammetry (CV) elektroda CMWH
dalam rentang tegangan 0 hingga 0,5 Volt dengan laju scan 1 mV s*. Kurva CV
menunjukkan hubungan antara rapat arus (A cm) dengan tegangan (Volt). Kurva CV
hampir seperti bentuk persegi panjang, dan ada peningkatan densitas arus pada potensial
0,4 V selama proses pengosongan untuk sampel CMWH1 dan CMWH2. Munculnya
peningkatan arus yang hampir menyerupai puncak dalam CMWH1 dan CMWH2
sampel ditunjukkan oleh reaksi oksidasi yang melepaskan sedikit lebih banyak ion.
Peningkatan arus muncul pada kedua sampel adalah karena memiliki ketebalan yang
lebih kecil dari sampel CMWHS3. Reaksi redoks tidak muncul pada elektroda CMWH3
karena ketebalan yang lebih tinggi efek pseudocapacitive ditutupi oleh mekanisme
lapisan ganda. Hasil penelitian lain dengan bahan yang sama juga memperoleh
keberadaan sifat pseudocapacitive yang diberikan oleh reaksi redoks dan terjadi dalam

gugus fungsi oksigen dan nitrogen (Huang et al. 2007; Zheng et al. 2017).
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Sifat-sifat elektroda seperti ketebalan (t), massa (m), laju pemindaian (S),
muatan arus (lc), arus luahan (lg) dan Kapasitansi spesifik (Csp) untuk tiga sampel
elektroda ditunjukkan pada Tabel 4.

Tabel 4. Ketebalan elektroda (t), massa (m), laju pemindaian (S), arus cas (lc), arus
pengosongan (lg) dan Kapasitansi spesifik (Csp) dari tiga sampel elektroda

Kode t m S Ic lq Csp
sampel  (mm) (@) (Vs (A) (A) (Fg™)
CMWH1 0.26 0.022 0.001 0.001069 -0.001079  97.64
CMWH?2 0.28 0.0235 0.001 0.001389 -0.001159  108.43
CMWHS3 0.30 0.028 0.001 0.001550 -0.001153  96.54

Berdasarkan data pada Tabel 4 tertinggi ke kapasitansi spesifik terendah sel
supercapacitor adalah 108,43 F g, 97,64 F g* dan 96,54 F g* untuk CMWH2,
CMWH1 dan CMWHS3 elektroda, masing-masing. Kapasitansi spesifik dipengaruhi
oleh besarnya muatan dan mengeluarkan arus yang diperoleh dari pengukuran CV.
Sehingga semakin tinggi arus muatan dan debit yang diperoleh maka semakin tinggi
kapasitansi spesifik elektroda.

Tabel 5 menunjukkan perbandingan kapasitansi  spesifik elektroda
superkapasitor dari enceng gondok dengan metode produksi yang berbeda. Berdasarkan
Tabel 5, elektroda karbon dari limbah enceng gondok menunjukkan potensi yang baik
untuk digunakan sebagai elektroda karbon dalam perangkat superkapasitor, namun

memiliki sifat kapasitif yang relatif lebih rendah.

Tabel 5. Perbandingan kapasitansi spesifik elektroda superkapasitor dari eceng gondok

Materials Method Csp References
(Fg™)
Eceng gondok  Aktivasi ZnCl, dengan variasi suhu 472 (Zhang et al.
karbonisasi (500, 600, 700, 800 and 2012)
900 °C)
Eceng gondok  Metode hidrolisis dan karbonisasi 179.6 (Kurniawan et al.
2015)
Eceng gondok  Pra-karbonisasi dan aktivasi KOH 344.9 (Zheng et al.
2017)
Eceng gondok large porous sheet-like carbon 273 (Wu et al. 2013)
materials
Eceng gondok Karbon  aktif  monolit, pra- 108.43 present study

karbonisasi, aktivasi KOH, aktivasi
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4.2 Elektroda Karbon dari Rumput Purun Tikus

4.2.1 Analisa Densitas

Pengukuran sifat fisis berupa diameter, ketebalan dan massa, kemudian dilanjutkan ke
proses karbonisasi dan aktivasi fisika dalam lingkungan gas nitrogen pada suhu 600 °C dan
karbon dioksida pada suhu 900 °C. Setelah pengolahan data keseluruhan dari sampel, maka
langkah selanjutnya adalah pemilihan beberapa sampel saja dengan prioritas agar beberapa
sampel pilihan tersebut memperlihatkan penurunan densitas. Selesai seperti tabel diatas,
didapati densitas pelet mengalami penurunan setelah diberi perlakuan karbonisasi-aktivasi dan
setelah pengeringan via oven 110°C, ukuran diameter dan massanya cukup mengalami
penurunan. Penurunan nilai densitas ini dimungkinkan dari pemutusan rantai kompleks ke
bentuk yang lebih mendominasi karbon dan pembuangan pengotor selain karbon yang secara
beriringan juga memperbesar porositas dari elektroda. Data hasil pengukuran densitas sebelum

dan setelah karbonisasi-aktivasi ditampilkan pada Gambar 11 berikut.
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=
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Sebelum Karbonisasi-aktivasi  Setelah Karbonisasi-aktivasi

Sampel
Gambar 11. Densitas elektroda karbon sebelum dan setelah karbonisasi-aktivasi

4.2.2 Analisa Sifat Kapasitif

Data hasil pengukuran menggunakan metode Cyclic Voltammetry (CV)
ditampilkan pada Tabel 6. Pengukuran sifat elektrokimia menggunakan metode Cyclic
Voltammetry dilakukan pada beda potensial 0-0,5 V dan variasi scan rate yaitu 1 mV s,
2mV st 5mV st 10 mV st 20 mV s?, 50 mV s? dan 100 mV s™. Pengukuran
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menggunakan metode CV ini bertujuan untuk mengetahui besarnya kapasitansi spesifik
sel superkapasitor yang dihasilkan. Secara lengkap, kapasitansi spesifik yang dihasilkan
ditampilkan pada Tabel 6 berikut.

Tabel 6. Kapasitansi spesifik elektroda karbon dari rumput purun tikus berdasarkan
variasi scan rate

Kode Massa Ic Id Scan rate Csp
sampel (9) (A) (A) (Vs? (Fgh
GRPT 0,01345 0,000051 -0,000001 0,001 3,87
GRPT 0,01345 0,000032 -0,00001 0,002 1,56
GRPT 0,01345 0,000045 -0,000021 0,005 0,98
GRPT 0,01345 0,000068 -0,000039 0,01 0,79
GRPT 0,01345 0,000113 -0,000074 0,02 0,69
GRPT 0,01345 0,000239 -0,000183 0,05 0,63
GRPT 0,01345 0,00044 -0,00033 0,1 0,57

4.3 Focus Group Discussion (FGD)

Kegiatan Focus Group Discussion (FGD) telah dilakukan dan dilaksanakan pada
Hari Sabtu, 20 Oktober 2018 di Hotel Ayola Pekanbaru dengan Tema “Pemanfaatan
Tumbuhan Gulma Perairan sebagai Bahan Asal Pembuatan Elektroda Karbon
Superkapasitor”. Kegiatan ini dihadiri oleh 2 orang Narasumber dari Jurusan Fisika
FMIPA Universitas Riau yaitu: Dr. Awitdrus, M.Si selaku Narasumber 1 dan Dr. Erman
Taer, M.Si selaku Narasumber 2. Kegiatan ini juga dihadiri oleh Tim Peneliti dari
Universitas Islam Negeri Sultan Syarif Kasim Riau dengan ketua Peneliti Dr. Rika,
M.Sc. Peserta kegiatan FGD ini juga dihadiri oleh 1 orang Dosen dari Universitas
Hasanuddin Makassar dan Mahasiswa/i Universitas Islam Negeri Sultan Syarif Kasim
Riau dan Universitas Riau. Kegiatan FGD ini membahas semua permasalahan yang
berhubungan dengan piranti penyimpan energi yang biasa disebut dengan
Superkapasitor. Dalam kegiatan FGD ini, mahasiswa yang terlibat dalam pelaksanaan
penelitian juga mempresentasikan laporan hasil dari kegiatan penelitian yang telah atau
sedang mereka kerjakan.

4.4 Luaran yang telah Dicapai

Dari data-data yang telah diperoleh juga telah dilakukan analisa, beberapa data
telah dibuat dalam bentuk 2 artikel yang telah diterima dan disajikan pada kegiatan

seminar internasional terindeks scopus yaitu “International Conference on Theoritical
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an Applied Physics (ICTAP) 2018 yang diselenggarakan oleh Universitas Negeri

Medan dan bekerja sama dengan Physical Society of Indonesia (PSI) pada Tanggal 20-
21 September 2018. Judul artikel yang diikutkan pada kegiatan ICTAP 2018
ditampilkan pada Tabel 7 berikut.

Tabel 7. Keikutsertaan Kegiatan Seminar Internasional

Conference on

Negeri Medan,

supercapacitor application

Tempat/
Kegiatan Waktu Judul Status
Pelaksanaan
The 8th International | Universitas Natural carbon-metal composite for | Sudah

dilaksanakan

Conference on
Theoretical And Applied
Physics (ICTAP)

Negeri Medan,
20-21 Sept
2018

physical and electrochemical
properties of carbon electrodes
based on pineapple crown waste:
the effect of physics activation time

Theoretical And Applied | 20-21 Sept
Physics (ICTAP) 2018
The 8th International | Universitas Producing and characterizing the | Sudah

dilaksanakan

Disamping itu melalui dana penelitian dasar cluster madya ini, sebuah publikasi Jurnal
International berhasil diterbitkan oleh salah satu anggota tim penelitian ini yang kami
anggap hasil luaran tambahan yang harus dilaporkan. Makalah tersebut adalah M.
Jelita, R. Taslim, Conductive-Convective Heat Transfer in an Inclined Enclosure with
Vertical Partition, Advanced Studies in Theoretical Physics, 12 (6), 257-265, penerbit

HIKARI Ltd.
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Abstrak:

The 8" International Conference on Theoretical and Applied Physics (ICTAP)
Medan, 20 — 21 September 2018

[A00011]

Naturally Carbon-metal Composite for Supercapacitor
: Application

R. Taslim**, A Agustino® and E Taer?

!Departement of Industrial Engineering, Islamic State University of Sultan Syarif Kasim
28293 Simpang Baru, Riau, Indonesia.
“Departement of Physics, University of Riau, 28293, Simpang Baru, Riau, Indonesia

*E-mail: ri lim fere}

Abstract—Water hyacinth has been used as the material to produce carbon and
metal oxide composite for supercapacitor electrode. The study focus on the effect of
electrode thickness variation: (i) 0,26 mm (ii) 0.28 mm, and (iii) 0.30 mm on the
electrode density and specific capacitance of the supercapacitor cell. The composite
electrode was labeled as CMWH1, CMWH2, and CMWH3. The density of CMWHs
electrode are 0.65 g cm-3, 0.66 g cm-3, and 0.70 g cm-3for CMWH1, CMWH2, and
CMWH3 sample respectively. These results show the density is directly proportional
to the thickness of the electrode. Electrochemical properties characterization of
CMWH electrode was performed using cyclic voltammetry method. The $beciﬁc
capacitance of the CMWH electrode is obtained at 97.64 F g-1, 108.43 Fg-1, and
96.54 Fg-1 for CMWH 1, CMWH2 and CMWH3. Specific capacitance shows the
optimum condition at 0.28 mm thickness. The difference trend of specific
capacitance with density influenced by pseudocapacitance material propertieés that
exist CMWH electrode. For addition, the TG Analysis, SEM, EDX, and XRD also
included in the study.
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The 8" International Conference on Theoretical and Applied Physics (ICTAP)
Medan, 20 — 21 August 2018

[A000146]

Producing and characterizing the physical and electrochemical
properties of carbon electrodes based on pineapple crown waste:
the effect of physics activation time

R Taslim®, T R Dewi?, E Taer?, Apriwandi?, Agustino? and R N Setiadi?

*Departement of Industrial Engineering, Islamic State University of Sultan Syarif Kasim, 28293
Simpang Baru, Riau, Indonesia
2Department of Physics, University of Riau, 28293 Simpang Baru, Riau, Indonesia

Email: rikataslim@gmail.com; erman taer@yahoo.com;

Abstract-The effect of physical activation time in production of activated carbon
electrodes from pineapple crown waste on the physical and electrochemical properties of
supercapacitor cells has been demonstrated in this study. The samples were activated in
the CO, gas environment at a temperature of 900 °C with the activation time varied to
1.5; 2; 2.5 and 3 hours. Physical properties testing showed the activation time of 2.5
hours is the optimum activation time in the producing of carbon electrodes from
pineapple crown waste. The optimum conditions are indicated by the minimum condition
on the density and microcristalline height, and the maximum condition on specific
surface area and carbon content, so it produce higest specific capacitance for
supercapacitor cells. The optimum specific capacitance was found as high as 134 F g™.
As a complement also has been analyzed the appearance of the surface morphology of
the sample where the electrode is composed of carbon nanofiber with an average
diameter of 80-90 nm.

119
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Advanced Studies in Theoretical Physies
Vol 12, 2018, no. 6, 257 - 265
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Conductive-Convective Heat Transfer in
an Inclined Enclosure with Vertical Partition
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and reproduction in any eedbam, provided the oiginal work is properly dited.

Abstract

Comcductive—convective beat transfer in a square enclosure are stud-
] nerically in the present articks. The hot and cobd walls are making
an angle with horizontal direction. The Galerkin weighted residual finite
element method has been used to sobee the governing partial diferens
tinl mpmations. In nomeriml simulations, the partition thickness, the
orentation angle amd the Haylegh nmumber are consddered. It & found
that the Bow circulation decrenses with decreasing the orentation angle
aml the maximmim beat transfer rate & obtained near ¢ = 60F for the
considered partition thickness.

Keywords: conjugate convection, finlte eleprent method, comsol
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BAB V

KESIMPULAN

Berdasarkan semua analisis yang telah dilakukan pada Bab IV dapat
disimpulkan bahwa:

1. Eceng gondok sebagai bahan asal yang menjanjikan untuk produksi komposit
karbon dan oksida logam tanpa penambahan bahan perekat sebagai elektroda pada
perangkat superkapasitor.

2. Ketebalan elektroda mempengaruhi densitas elektroda, efeknya pada mekanisme
kombinasi EDLC dan pseudocapacitance untuk menemukan kapasitansi spesifik
yang optimal.

3. Kapasitansi spesifik optimum sel superkapasitor setinggi 108,43 Fg™ dengan
ketebalan elektroda 0,28 mm.

4. Kapasitansi spesifik elektroda karbon dari rumput purun tikus diperoleh sebesar
387 Fg™.
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1.

LAMPIRAN

Full Paper ICTAP 2018

Natural carbon-metal composite for supercapacitor
application

R Taslim'’, A Agustino® and E Taer?

'Department of Industrial Engineering, State Islamic University of Sultan Syarif
Kasim 28293 Simpang Baru, Riau, Indonesia.
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Abstract. Water hyacinth (eichhornia crassipes) has been used as the material to produce
carbon and metal oxide composite for supercapacitor electrode. The study focus on the effect
of clectrode thickness variation: (i) 0,26 mm (ii) 0.28 mm, and (iii) 0.30 mm on the clectrode
density and specific capacitance of the supercapacitor cell. The composite electrode was
labeled as CMWH1, CMWH2, and CMWH3. The density of CMWHSs electrode are 0.65 gem™
3,0.66 gem™, and 0.70 gem™ for CMWHI1, CMWH2, and CMWH3 sample respectively. These
results show the density is directly proportional to the thickness of the electrode.
Electrochemical properties characterization of CMWH electrode was performed using cyclic
voltammetry method. The specific capacitance of the CMWH electrode is obtained at 97.64 Fg-
1,108.43 Fg'l, and 96.54 Fg! for CMWH 1, CMWH2 and CMWH3. Specific capacitance
shows the optimum condition at 0.28 mm thickness. The difference trend of specific
capacitance with density influenced by pseudocapacitance material properties that exist
CMWH clectrode. For addition, the TG Analysis, SEM, EDX, and XRD also included in the
study.

1. Introduction

Supercapacitor or Electrochemical Double Layer Capacitor (EDLC) is an energy storage device other
than the capacitor, battery and fuel cell [1]. Based on its energy storage mechanism, the supercapacitor
is divided into two type: the electrochemical double layer capacitor (EDLC) and pseudocapacitor [2].
The EDLC works based on the formation of ions and electrons pairs at the boundary of electrolyte and
electrode. The Electrodes commonly used in EDLC systems is the conductor material with a high
surface area such as carbon, while pseudocapacitor works based on oxidation and reduction reactions
that appear on certain materials such as metal oxides and conducting polymers. The carbon materials
have advantages such as stable in physical and chemical properties, easily controlled pore properties
and relatively low production costs [3,4], but produce cells with relatively low capacitance. The
pseudocapacitor material has the advantage of high cell capacitance but with relatively high
production cost. An alternative to improving supercapacitor cell performance but with low production
costs can be developed with a combination of EDLC and pseudocapacitor systems. This combination
of working principles can be made by producing carbon composite electrodes and pseudo materials or
by preparing EDLC and pseudocapacitance hybrid cell materials. The carbon composite electrodes
and material pseudo are a sufficiently effective way to reduce production costs but show good cell
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performance. The usual ways of developing composite electrodes are by mixing carbon and pseudo
materials such as metal oxides or conduction polymers with the addition of adhesives material.
Another common way to use is to grow metal oxide materials in nanostructures on the surface of
carbon materials in a variety of shapes and sizes. Metal oxide materials are synthesized from artificial
precursors so that production costs are still relatively high. The most commonly used metal oxides are
manganese oxide [5], ruthenium oxide [6], nickel oxide [7,8], and cobalt oxide [9,10,11,12].

In this study, the composite electrode of carbon and metal oxide material is made from a natural
organic material which naturally contains certain types of metals. The composite electrodes are
synthesized from water plants that are easy to absorb some types of metal materials. Water hyacinth is
selected as a natural medium that is usually able to absorb several types of metals such as Pb, Cd, Cu,
Ni, and Zn [13]. However, the percentage of metal content that can be absorbed by these plants is
relatively small so that in the synthesis of composite carbon electrodes, the carbon content of the
electrode must be minimized. The focus of this study is to examine the nature of carbon composites
and existing metal materials naturally in water hyacinth plants by varying the thickness of the
electrodes. The carbon electrodes are produced in pellet form without additional adhesive to maintain
the natural conductive properties of carbon materials. Tn this study electrode shaped pellets with a
thickness of 0.26 mm has been able to show the nature of pseudocapacitance. Thus, this study has
demonstrated the production of composite electrodes for a combination of EDLC and pseudo material
principles through the synthesis of naturally available materials. These results can certainly improve
the performance of supercapacitors and reduce production costs.

2. Experimental method

2.1 Preparation of activated carbon

The main material used in this study is water hyacinth. This raw material has been collected then
washed to remove any dirt or mud, followed by sun-dried for 48 hours to reduce the moisture content
in the sample. After the drying process, water hyacinth is cut into 3 cm in size, then oven-dried at a
temperature of 110 °C for 48 hours. The next process is pre-carbonization carried out using the oven at
a temperature of 250 °C for 2.5 hours [14,15]. Then, the sample was milled using ball milling for 20
hours in order to obtain sample size less than 8 um. The sample was then chemically activated using
KOH activator at concentration 0.2 M. The KOH activators have been used in the study that we have
reported previously [14,16,17,18,19]. The activated sample was molded to pellet form at a diameter of
19 mm using the Hydraulic press at 8 tons [15,20]. The carbonization process is carried out at a
temperature of 600 °C in the N, gas environment [15,19,21,22] and followed by physical activation
using CO; gas at a temperature of 850 °C for 2 hours. This physical activation time was in accordance
with the activation time that we reported previously [14,19,23,24]. All activated carbon samples are
polished to the desired thickness and washed until the washing water becomes neutral.

2.2 Manufacture of supercapacitor cells

A pair of activated carbon pellets made from water hyacinth is used as electrodes in the manufacture
of sandwich-shaped supercapacitor cells. Another material used is a pair of 316L stainless steel tape as
a current collector, a duck eggshell membrane is used as a separator and 1 M sulfuric acid solution is
used as the electrolyte. The carbon electrodes were immersed using 1 M H2SO, electrolyte solution for
48 hours, then assembled into supercapacitor cells as we previously reported | 16,20,21].

2.3 Characterization of carbon electrodes

The physical properties tested on carbon electrode from water hyacinth include thermal properties,
density, surtace morphology, elemental content and crystalline degree. The thermal properties test is
performed using the Thermogravimetric Analysis (TGA) method. The TGA testing was performed in
an N, gas environment to a temperature of 600 °C at a temperature scan rate of 10 °C min' using
Netzsch derivatograph (STA 449 F1 Jupiter instrument). The density of carbon electrodes is obtained
from measurements of mass, diameter, and thickness of each sample before and after the
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carbonization-activation process is carried out. The activated carbon electrode varied for three
different thickness by the polished process. The N gas adsorption-desorption testing was carried out
using the Brunauer Emmet Teller method using Quantachrome Instruments version 11.0 for analysis
of the specific surface area of carbon electrode sample. Morphological structure testing and element
content were carried out using Scanning Electron Microscopy and energy dispersive X-ray using
JEOL-JSM 6510 LA instrument. The X-ray diffraction test was used to determine the lattice and
crystalline phase parameters in carbon samples using X-pert powder panalytical diffractometer with
CuKa ray source, with a wavelength of 0.154 nm and the diffraction angle used was 20 ie at an angle
range of 10-100°.

2.4 Electrochemical properties
The measurement of electrochemical properties of supercapacitor cells was performed using Cyclic
Voltammetry (CV) method. This measurement uses the Physics CV UR Rad-Er 5841 and calibrated
with VersaStat II Princeton Applied Research calibrator standard instrument. This measurement was
carried out at a potential window range of 0 V-0.5 V and a scan rate of 1 mVs' [18,22,25]. The
specitic capacitance (Csp) was calculated using the following equation:
-1,

Sxm

Where I.is the charging current (A), Ta is the discharge current (A), S is the scan rate and m is the mass
of the electrode.

ey

sp

3. Results and Discussion

3.1 Thermogravimetry analysis

Thermal properties were analyzed by Thermogravimetric (TG) and Differential Thermal
Termographymetry (DTG). The parameters studied was changes in the sample mass to the temperature
change. The DTG is used to measure the rate of change in sample mass against temperature rise. Both
of these analyzes were carried out at a temperature range of 30-600 °C at a heating rate of 10 °C min"!
in the N2 gas environment. The mass of sample for thermal analysis is 7.199 mg. The thermal
properties data for pre-carbonize water hyacinth samples is shown in Figure 1.
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Figure 1. The TG, and DTG profile curves for water hyacinth
samples

35



Figure 1 shows the profile of the sample mass change in the percent (%) to the temperature (C).
The TG curve of Figure 1 was represented by dashed line. The TG data shows the pattern of sample
mass reduction when the temperature is raised. Significant mass reductions occurred in the
temperature range of 30-151 °C, 210-353 °C and subsequently the sample mass decreased gradually
from a temperature of 353-600 °C. The first mass reduction in the first temperature range of 30-151 °C
as high as 5.66% affected by the release of water content [26,27,28]. The second one at a temperature
range of 210-353 °C amount 23.56% is intluenced by the simultaneous decomposition of cellulose and
hemicellulose [29], whereas in the third stages the sample mass reduction occurs due to lignin
decomposition [30,31].

The DTG curve is indicated by the solid line in Figure 1, the shape of the curve is marked by the
presence of two peaks at temperatures of 55 °C and 304.9 °C, respectively. This peak shows in the
optimum mass reduction rate to the temperature. The first peak shows the optimum mass degradation
rate in the temperature range 30 -151 °C by 0.060 mg min"', while at the second peak shows the
optimum mass degradation rate experienced by the sample is 0.290 mg min” and occurs in the
temperature range 210-353 °C. This temperature of 304.9 °C shows the optimum mass degradation
rate which is the maximum decomposition of the basic elements of the sample to increase the carbon
elements. This temperature is then chosen as the resistance temperature in the sample carbonization
process to ensure a higher level of carbon purity.

3.2 Mass, diameter, thickness and density of the electrode

The measurements results of mass, diameter, thickness, and density of the electrodes before and after
carbonization-activation, and after the polishing process are shown in Table 1. The mass, diameter,
thickness, and density of the electrode before the carbonization-activation process is almost the same,
this result was reasonable because of the same sample treatment while the difference in result is due to
the pre-carbon powder being wasted during the molding process at a compression pressure. The mass,
diameter, thickness, and density of CMWH electrodes after the carbonization-activation process have
decreased due to the release of non-carbon materials during the carbonization-activation process [32].
The CMWH electrode mass after the polishing process shows a difference, this is due to the difference
in electrode thickness, the greater electrode thickness will result in a higher electrode mass. While the
diameter of the electrode after the polishing process also has a different, this is due to electrode
erosion during polishing. The different in electrode density after polishing because of the difference in
thickness for every sample. The highest density was found by the CMWH3 sample with an electrode
thickness of 0.30 mm which is 0.70 gcm™, while the smallest density value is CMWH1 sample with a
thickness of 0.26 mm which is 0.65 gem™. This result is influenced by changes in mass and diameter
due to the polishing process.

Tabel 1. Mass (g), diameter (mm), thicness (mm), and density (gem™)

Sample Before carbonization-activation  After carbonization-activation After polishing
codes

m d t p m d t P M d t P

CMWH1 0582 1972 0235 081 0.192 1358 0.162 082 0022 1290 026 0.65
CMWH2 059 19.95 0243 078 0.195 13.85 0.161 0.80 0.0235 12.68 028 0.66
CMWH3 0573 1978 0234 080 0213 1429 0.168 079 0.028 13.01 030 0.70

3.3 N2 gas adsorption-desorption isotherms Analysis

Figure 2a shows the N> gas adsorption-desorption isotherm data on the carbon electrodes sample, this
data shows the relationship between the adsorption-desorption volume to the relative pressure (P/Po).
The N> gas adsorption-desorption model shown in Figure 2a was type IV according to the ITUPAC
classification although there is a slight ditference in the relatively large pressure conditions. The
assertion of type IV is shown by an increase in absorption volume at a relative pressure of 0.4.
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Figure 2b shows the relationship between dV/dr (d) to the sample pore diameter using the BJH
method. The BJH method was used to see the pore distribution from the range of 3.5 to 40 nm. It can
be seen that the decrease in pore volume occurs in the pore diameter range of 3.5-7.0 nm and shows
the maximum pore volume at 3.5 nm diameter of 0.001 cm*nm'g"'. The maximum absorption volume
shows that the dominant sample pore diameter is in the range mesoporous. The assertion of type IV
adsorption-desorption data is strengthened with an average of BJH pore diameter of 3.5911 nm, which
shows the average pore diameter of the sample was in the mesoporous group corresponding to type IV
characteristics [33]. Senthilkumar et al. 2013 with the same material also obtained a pore diameter in

the mesoporous range [33].
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Figure 2. (a) N, gas adsorption-desorption isotherm and (b) pore size distributions

The specific surface area data (Ssrr), BJH surface area, BJH volume, and diameter are shown in
Table 2. Zhang et al, 2012 and Kurniawan et al, 2015 also studying the same material obtained
specific surface area (Sger) of 579.94 m’g! [34] and 761 m%g™ [35].

Table 2. The N, gas absorption measurements result from CMWH sample

Sample Sser Ssin Vi Dgin
(m’g™" (m’ g (cm’ g™ (A)
CMWH 776.213 130.548 0.133 35911

3.4 Scanning electron microscopy analysis

Figure 3. The SEM micrograph of CM
(b) CMWH at 40000x magnification

[

WH sample (a) CMWH at magnification 5000x

Figures 3a and 3b show the SEM micrograph CMWH sample at 5000x and 40000x magnification.
Figure 3a with a shows the surface morphology of CMWH which is shaped like a lump and is
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dominated by black color which is assosiated with carbon particle and also seen particles that are
smooth white indicating other elements than carbon. At this magnification, there is also no macropore
on the surface of the CMWH sample. While Figure 3b is an enlargement in the area marked in red in
Figure 3a. These smooth particles have a shape that tends to be regular with an oval shape dominated
by a length of 0.44 um and 0.38 pm wide.

3.5 Energy dispersive x-ray analysis

The EDX test results of the sample are shown in Figure 4 which were selected in an area of 15 pm?
which is indicated by a green box in the SEM image that is inserted in the upper right side. The EDX
data shows the elements contained in CMWH samples namely carbon (C), magnesium (Mg),
potassium (K), calcium (Ca), manganese (Mn), copper (Cu), strontium (Sr) and barium (Ba). The
content of the constituent elements of the sample is dominated by carbon and calcium at 0.277 keV
and 3.690 keV indicated by the highest count, respectively. The mass and atomic percentage were
69.74%, 88.55%, for carbon and 24.44%, 9.30% for calcium, respectively. The other elements such as
Magnesium, potassium, manganese, copper, strontium, and barium with energies of 1.253 keV, 3.312
keV, 5.894 keV, 8.040 keV, 1.806 keV and 4.464 keV, respectively. The other studies with the same
raw material also found the presence of other elements than carbon such as chlorine, potassium,

oxygen, and calcium [27]. The complete data on the elements contained in the sample are shown in
Table 3.
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Figure 4. The Energy dispersive X-rays measurement result data of

CMWH samples
Table 3. Percentage of elements contained in the CMWH electrode
No Elements mass atom
(%) (%)
1 Carbon (C) 69.74 88.55
2 Magnesium (Mg) 1.60 1.01
3 Pottasium (K) 0.72 0.28
4 Calsium (Ca) 24.44 9.30
5 Mangan (Mn) 2.31 0.64
6 Copper (Cu) 0.36 0.09
7 Strontium (Sr) 0.78 0.14
8 Barium (Ba) 0.05 0.01
Total 100 100
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3.6 X-ray diffraction analysis

The curve of X-ray diffraction characterization results for CMWH sample can be seen in Figure 5. The
XRD diffractogram data shows the relationship between X-ray intensity (a.u) and scattering angle of
20 (degrees), this data shows that there are two broadening peaks at 268 angles of 24.429° and 46.198°,
which correspond to the scattering plane of dy. and dig for carbon materials [36]. In Figure 5a these
two peaks are not very clear, especially the peak corresponds to the angle of 24.429°, after going
through the process of normalization using the Microcal origin software these two peaks look more
clearly and are shown in Figure 5b. Both of these broadening peaks indicate the CMWH sample has an
amorphous structure. The angle 26 illustrates the distance between the lattice layers (dwa) which is
affected by the structure of the particle, where the greater of the scattering angle 26 the smaller the
resulting diwi. The CMWH sample has dy for planes doo> and digo, respectively 3.64 A and 1.96 A. The
stack height (Lc) as high as 9.41 A and stack width (L.) of 8.01 A. In addition also found some sharp
peaks and are marked with an asterisk at an angles of 23.02°; 29.36°; 31.91°; 35.95°%; 37.5°; 39.38°;
43.12°; 47.44°; 53.81°; 56.56°; 57.35° 60.65° and 65.52°. This sharp peak indicates the presence of
Calcium carbonate (CaCOs) and Cellulose (C¢H100s) compounds. The presence of Calcium carbonate
and Cellulose compounds in the CMWH sample is derived from materials absorbed from the
environment and the constituent materials for water hyacinth plants.
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Figure 5. (a) CMWH sample X-ray diffraction pattern, (b) Fittings using microcal origin

software

3.7 Cyclic Voltammetry (CV) Analysis
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Figure 6. The CV curve of supercapacitor cell for CMWHI,
CMWH?2, and CMWH3 samples

Figure 6 shows Cyclic Voltammetry (CV) data CMWH electrode in the voltage range of 0 to (0.5 Volt
with a scan rate of 1 mVs™'. The CV curve shows the relationship between current density (Acm?) to
the voltage (Volt). The CV curve has almost like a rectangular shape, and there is an increase in the
current density at a potential of 0.4 V during the discharge process for CMWHI1 and CMWH2
samples. The appearance of the current increase which almost resembles the peaks in CMWHI1 and
CMWH?2 samples are indicated by an oxidation reaction which releases a little more ions. The
increasing current in both samples was due to its having a smaller thickness than the CMWH3 sample.
The redox reaction doesn't appear on the CMWH3 electrode because of the higher thickness the
pseudocapacitive effect covered by a double layer mechanism. The results of other studies with the
same material also obtained the presence of pseudocapacitive properties given by redox reactions and
occur in oxygen and nitrogen functional groups [37,38].

The electrode properties such as thickness (t), mass (m), scan rate (S), current charge (1), Current
discharge (Is) and Specific capacitance (Csp) for three electrode samples are shown in Table 4.

Table 4. The electrode thickness (t), mass (m), scan rate (S), charge current (l.), discharge
current (Is) and Specific capacitance (Csp) of three electrode samples

Sample t m S I Ta Csp
codes (mm) (€3] (Vs A) (A) (Fgh
CMWHI1 0.26 0.022 0.001 0.001069 -0.001079 97.64
CMWH2 0.28 0.0235 0.001 0.001389 -0.001159 108.43
CMWH3 0.30 0.028 0.001 0.001550 -0.001153 96.54

Based on the data in Table 4 the highest to the lowest specific capacitance of supercapacitor cells
were 108.43 Fg', 97.64 Fg' and 96.54 Fg' for CMWH2, CMWHI1 and CMWH3 electrodes,
respectively. The specific capacitance is affected by the magnitude of the charge and discharges
current obtained from the CV measurement. So that, the higher the charge and discharge current was
obtained then the higher electrode specific capacitance.

Table 5 shows the comparison of the specific capacitance of supercapacitor electrodes from water
hyacinth with the different production methods. Based on Table 5, carbon electrode from water
hyacinth waste indicates good potential for use as carbon electrodes in supercapacitor devices,
however has relatively lower capacitive properties.
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Table 5. Comparison of the specific capacitance of supercapacitor electrodes from water
hyacinth

Materials Method Cyp References
(Fg")

Water hyacinth  ZnCl, activation at different carbonization 472 [34]
temperatures (500, 600, 700, 800 and 900 °C)

Water hyacinth ~ Subcritical water hydrolysis and 179.6 [35]
carbonization methods

Water hyacinth  pre-carbonization and KOH activation 344.9 [38]

Water hyacinth  large porous sheet-like carbon materials 273 [39]

Water hyacinth ~ Activated carbon monolit, pre-carbonization, 108.43 present study

KOH activation, CO; activation

S. Conclusion

Based on all data analysis it can be concluded that water hyacinth as a promising raw material for the
production of carbon and metal oxide composites without addition of adhesive material as electrodes
on supercapacitor devices. The thickness of the clectrode affects the electrode density, its effect on the
combination mechanism EDLC and pseudocapacitance to find the optimum specific capacitance. The
optimum specific capacitance of supercapacitor cells as highs as 108.43 Fg! with electrode thickness
of 0.28 mm.
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Abstract. The effect of physical activation time in production of activated carbon electrodes
from pineapple crown waste on the physical and electrochemical properties of supercapacitor
cells has been demonstrated in this study. The samples were activated in the CO» gas
environment at a temperature of 900 “C with the activation time varied to 1.5; 2; 2.5 and 3
hours. Physical properties testing showed the activation time of 2.5 hours is the optimum
activation time in the producing of carbon clectrodes from pincapple crown waste. The
optimum conditions arc indicated by thc minimum condition on the density and
microcristalline height, and the maximum condition on specific surface area and carbon
content, so it produce higest specific capacitance for supercapacitor cells. The optimum
specific capacitance was found as high as 134 Fg'. As a complement also has been analyzed
the appearance of the surface morphology of the sample where the electrode is composed of
carbon nanofiber with an average diameter of 90-164 nm.

1. Introduction

Electrochemical double layer capacitors (EDLC) are energy storage devices consisting of porous
carbon electrodes, electrolyte, separator and current collectors [1]. Energy storage occurs because of
the presence of ion and electron layers formed in the micro pore of the carbon electrode. The more ion
pairs and electrons that form the greater the energy that can be stored. The formation of ion and
clectron pairs is affected by the number of micro pores available in an clectrode. Micro pores
electrodes are relate to the materials and activation process. Power is the main factor in the
performance of EDLC devices other than energy. Power is related to the speed of ion diffusion process
into the pores of the electrode to form ion-electron pairs. The pace of ion diffusion is clearly related to
the shape of the electrode constituent material and pore size. In the last decade, the shape of electrode
constituent materials becomes a fairly extensive study [2]. Various shape of clectrode constituent
materials have been reported such as cubic [3,4,5], spherical, flat, fiber [6,7] provided in nano or micro
sizes. The shape of fiber is one of the most developed forms due to several advantages such as hollow
pores and good electrical conductivity [7]. The selection of the original material in the prepare of
carbon fiber is one of the interesting research focuses. Production costs are a major consideration in
the sclection of original material. Biomass promises low production costs, abundant availability and
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also being a by-product in the agricultural industry [8]. Some biomass materials as originating
materials for the prepared of carbon fiber electrodes that have been reported, such as banana stems [9],
coconut husk [7], oil palm empty fruit bunches [10], etc. Different biomass materials provide different
sizes of fiber diameters. Pincapple crowns arc onc of the biomass that contains fiber. The fiber sizes
vary in nano to micro meters. Indonesia is one of the pineapple producing countries with production
reaching 1.73 ton in the year 2015 [11]. In this research, a simple method is used to produce carbon
fiber electrodes from pineapple crown waste as supercapacitor electrodes. Carbon electrodes are
provided without additional adhesives and are activated conventionally using KOH and CO; gas. The
results showed that the carbon clectrode from pincapple crwon produced supercapacitor cells as high
as 134 F g and found to contain dominant carbon fiber with a diameter size an average of 90-164 nm.

2. Experimental Method

2.1. Preparation of carbon electrode

The biomass used as raw material in this study is pineapple crown. The production of activated carbon
from the pineapple crown uses the method previously reported [12]. Pre-carbonization was carried out
by heating at a temperature of 250°C for 2.5 hours. The pre-carbonization process will cause the
sample color to be dark-brown and self-adhesive in the sample will appear. The sample is smoothed
with a ball milling instrument. The ball milling process is carried out with the aim to produce finer the
dark-brown pineapple crown powder. The dark-brown pineapple crown powder was activated using
KOH activator with a ratio of 1:1. The sample powder is converted into a monolithic or pellet form by
using a Hydraulic Press system [13]. Pyrolysis processes such as carbonization and physical activation
are carried out using a one-step integrated method [14]. Carbonization begins with the flow of nitrogen
gas (N2) with a gas flow rate of 1.5 L min" at a temperature of 600C and followed by physical
activation by flowing CO> gas at a temperature of 900 C. Physical activation time were varied at 1.5,
2, 2.5 and 3 hours. Based on this time variation, cach sample is labeled AC-1.5, AC-2.0, AC-2.5 and
AC-3.0. Then carbon pellets were wash until the washing water becomes neutral [15]. The preparation
of supercapacitor cells in two-clectrode system consisting of carbon electrodes, separator, electrolytes
and current colectors [1,16]. Separator used is the duck eggshell membrane [17] and H2SO, solution as
electrolyte [18].

2.2. Characterization of physical and electrochemical properties.

Measurement of physical properties of pineapple crowns carbon electrodes included of density,
crystalline structure, surface morphology and component elements of carbon electrodes while the
characterization of electrochemical properties included of capacitive properties of supercapacitor cells.
Density is calculated by measuring the mass and volume of the clectrode. Analysis of surface
morphology and element content of carbon electrodes using Scanning Electron Microscophy (SEM)
and Energy Dispersive X-ray Spectroscopy (EDX) methods with Jeol JSM 6510 LA instrument. The
crystallinity is caraterized by X-ray Diffraction method with X-Pert Powder panalytics] instrument.
Capacitive properties testing using the Cyclic Voltammetry method with the Physics CV UR Rad-Er
5841 which is controlled by cyclic voltammetry CV v6 software.

3. Result and Discussion

3.1. Density Analysis

Comparison of density before and after pyrolysis for carbon clectrode samples can be seen in Figure 1.
Figure 1 is shown pre-carbonize sample before the pyrolysis process have an average density of 0.932
gem™. Afer pyrolysis process shows the effect of activation time on the density of carbon electrodes,
where the density decreases with the addition of activation time (from 0.924 gcm™ at a AC-1.5 sample
to 0.625 gem™ at a AC-2.5 sample). This density reduction is affected by the release of pollutant
components such as volatiles which cause pore formation. An increasing in activation time causes the
more effective reaction between carbon and CO; so that the density decreases. After the addition of
activation time of 2.5 hours the sample had an increase in density of 15.2%. This is indicated by at 3
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hours, the sample has suffered decay to the particles and the pores are not formed in optimum
condition. All the density data, the lowest density occurs at 2.5 hours activation time, this 2.5 hours
activation time is chosen to be the best activation time to produce activated carbon from the pineapple
crown waste.

1.2
. Bcfore Pyrolisis
1.0 4 After Pyrolisis
%
i~ 0.8 9 Z
é 0.6 é //
z ] 7 7
2 04+ % fé
0.2 4 7/4 %

n

AC-1.5 AC-2.0 AC-2.5 AC-3.0
Sample Codes
Figure 1. Density of carbon electrode before and after

pyrolisis process

3.2. Scanning Electron Microscopy Analysis

P £ checs R - ol
Figure 2.SEM micrographs with a magnification of 40000 times for a) AC-2.0; b)

AC-2.5

Characterization of Scanning Electron Microscopy is used to determine the morphological surface
structure of activated carbon electrode. Morphological surface structure of pineapple crown activated
carbon for AC-2.0 and AC-2.5 samples with a magnification of 40,000 times arc shown in Figure 2.
Figure 2 (a) shows the results of SEM AC-2.0 carbon electrodes have pores between particles that
look elongated and irregular. In addition, there is also a presence of nanofiber structures, where the
average fiber diameter range of 164 nm. Figure 2 (b) presents the SEM results for AC-2.5 with larger
pores between particles. The resulting nanofiber structure is more clearly visible with a relatively
smaller size with a sample diameter in range of 83 to 90 nm. The size diameter in this study are same
carbon fiber electrode with the diffrent biomass such as banan stems in range 42-131 nm [9]. The
particles formed are affected by the activation time, increasing activation time results in a finer fiber
size. This is indicated because the addition of activation time provides a longer chance for the process
of carbon and CO; reactions so that the carbon chain termination will increase. Termination of the
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carbon chain results in cracks and faults in larger particles, increasing activation time also causes
faster particle movements resulting in larger collisions between particles. Collisions between particles
will cause carbon particles to split into smaller parts.

3.3. Energy Dispersive X-ray (EDX) Analysis

The EDX Characterization was carried out to prove the presence of carbon on the electrode sample
made from pineapple crown waste. EDX analysis strengthens the data that has been obtained from the
SEM and XRD characterization that will be analized in the next subsection. EDX analysis produces
data in a percentage of the quantity of clements of activated carbon samples. Based on the data in
Table 1, the element quantities of the carbon electrode consist of carbon (C), oxygen (O), magnesium
(Mg), silicon (Si), phosphorus (P), Potassium (K) and calcium (Ca). The element quantities are
dominated by carbon with a range of 92% to 94%. These results prove that the samples dominated by
carbon as desired. The carbon content obtained in this study is also similar to the previously reported
carbon content with different carbon materials, such as from durian [19] and palm date [20].

Table 1. The chemical content for AC-2.0 and AC-2.5 samples

C i AC-2.0 AC-2.5
e Mass % Atom % Mass % Atom %
C 87.99 92.01 91.7 94.62
(0] 8.24 6.47 39 4.26
Mg 1.19 0.61 0.98 0.5
Si 0.53 0.24 0.24 0.1
P 0.23 0.09 0.19 0.08
K 0.91 0.29 0.65 0.21
Ca 0.92 0.29 0.73 0.23
Totals 100% 100% 100% 100%

In addition to carbon, the oxygen element also dominates the sample. The presence of oxygen
clements is obtained from the CO: gas at activation process. The oxygen element has the second
highest percentage after Carbon element, the cause is indicated by the carbonization of oxygen in the
carbon samples which do not decompose completely or the bond occurs in the activation process.
Carbon clement quantity in AC-2.5 sample is greater than AC-2.0 sample. Increasing activation time
will cause the quantity of content other than carbon to decompose more, so that the carbon element
produced be higher.

3.4. X-ray diffraction (XRD) Analysis

X-ray diffraction is a method to determine whether a material is amorphous or crystalline. The XRD
pattern of carbon samples derived from pineapple crown biomass with a activation time variation of 2
hours and 2.5 hours is shown in Figure 3. Characterization show that there are two broadening peaks
with a diffraction angle (20) in range of 10°to 100°. Determination of diffraction angle for cach peak
was done by using Microcal Origin software. Data is fitted by the lorentzian distribution function.
From the fitting data obtained the diftraction angle, peak height and peak width. The AC-2.0 sample
has two broadening peaks at a 28 angle of 25.108" and 44.214" and it are correspond to the scattering
plane (002) and (100). While the AC-2.5 sample has a 20 angle of 24,749 "and 43,768".
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Figure 2. X-Ray Diffraction curve for AC-2.0 and AC-2.5
samples

Table 2 shows that the 26 angle undergo a shift for samples that were activated at 2 and 2.5 hours.
The 2.5 hour activation time has a 20 angle (002) and (100) close to a universal peak which is 24° and
44° for carbon peak compared to a 2 hour activation time. This analysis is indicated because a 2.5 hour
sample has a higher carbon purity compared to a 2 hour activation time such as EDX data which it
discussed carlier. The microcrystalline height data (L.) shows the existence reguler value based on the
activation time variation. The L. on the AC-2.0 sample is greater than the L. for the AC-2.5 sample.
The relationship of the microcrystalline height (L.) of graphite in the carbon electrode to the specific
surface arca is given by the empirical formula SSAxq = 2/(pxwa Lc), where pxa = X-ray density given
with the formula py = {doo2 eraphitey / doo2} Preraphitey [21, 22]. Based on the empirical formula, to produce
a higher surface area of carbon electrodes, a smaller interlayer spacing (deo2) and microcrystalline
height (L) are needed. Based on the equation previously, specific surface area obtained for 2 hours
sample was 1484.67 m? g and specific surface arca for AC-2.5 hours was 1856.54 m? g, This
specific surface arca are similar as the clectrode surface arca of other materials, such as cococnut husk
and cassava peel waste, which are 28982 m?> g' [7] and 1352 m? g! [23], respectively. The
microcrystalline width (L,) data shows a significant difference in the variation of activation time in
each sample. The AC-2.0 activation time shows a L, of 25.5839 A while the AC-2.5 sample has a L,
of 39.8201 A, where the longer the activation time is the greater L.. Based on this data it can be
concluded that the La is influenced by the length of time of sample activation.

Table 2. Diffraction angle (20), interlayer spacing (d), microcrystallinity height (L) and
microcrystallinity width (L.) for AC-2.0 and AC-2.5 samples

Sample 2002 20100y dioy daony L. L.

codes ) @) (A) (A) (A) (A)
AC-2.0 25.108 44214 3.544 2.047 14.195 25.584
AC-25 24.749 43.768 3.594 2.067 13.689 39.820

3.5. Electrochemical Properties Analysis

The eclectrochemical Measurement of supercapacitor cells was carried out using the Cyclic
Voltammetry (CV) method based on two electrode systems in 1M H>SO4 electrolyte. Figure 4 is a
voltammogram data that shows the relationship between Cy, (Fg!) to voltage (V). The scan rate given
is 1 mV s at a voltage of 0 to 0.5 V [24]. The selection of the scanning rate of 1 mV s™' is based on
the assumption that ion diffusion is more evenly distributed throughout the surface and pores of
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carbon electrodes so that the ion pair formation be more perfect, which eventually results in greater
specific capacitance [25].
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Figure 4. CV curve for all samples Figure 5. Correlation Specific capacitance

with activation time

All samples have specific capacities of 35 Fg'l, 36 Fg!, 134 Fg'! and 10 Fg! for samples of AC-
1.5, AC-2.0, AC-2.5 and AC-3.0, respectively. The AC-2.5 sample is the sample with the highest
specific capacitance, while the AC-3.0 sample is the sample that has the smallest specific capacitance.
The maximum specific capacities produced in this study arc almost the same as the specific
capacitance with different biomass materials that have been studied, such as rubber wood sawdust
with specific capacitance of 150 Fg! [26] and cow dung with specific capacitance of 124 Fg! [27].
The difference in the specific capacitance is strongly influenced by the density of the activated carbon
electrode. Density is inversely proportional to porosity, it mean that the greater the density of the
sample, the porosity will be smaller. Porosity is dircctly proportional to the surface arca, the greater
the porosity of the sample, the greater the surface area. High surface area gives the opportunity for
more ions to experience diffusion resulting in maximum capacitive properties. Measurements obtained
of the AC-2.5 sample has the smallest density and the largest specific capacitance value, while the
AC-3.0 sample has the largest density and the smallest specific capacitance. Specific capacitance is
also influenced by the addition activation time which be scen in Figure 5. In the figure 5, it can be seen
that the longer the activation time will be increase the specific capacitance, but when the 3 hour
activation time will decrease in the specific capacitance. The 2.5 hour is the activation time with the
highest specific capacitance, this is because at that time the meso and micro pores formed are very
good. The combination of micro pore and meso pore which more than 2.5 hours develops into larger
pores and became macro pores. The decreasing of specific capacitance for AC-3.0 is indicated the 3
hour activation time caused enlargement the micro and meso pore into macro pores.

4. Conclusion

The production of activated carbon electrodes from pineapple crown waste based on variation of
activation time for supercapacitor device has been succesfully done. The optimum activation time was
found at 2.5 hours which shown by the good physical and eclectrochemical properties. The good
physical properties inclued of lowest density, fiber structure of surface morfology, highest carbon
content and larger specific surface area. This good physical properties supports to found an excelent
electrochemical properties with the highest spesific capacitance as high as 134 F g”'.
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Abstract

Conductive—convective beat transfer in o square enclosure are stud-
il oumerically in the present articke. The hot and cold walls are making
an angle with horizontal direction. The Galerkin weighted residual finite
element method has been nsed to sobve the governing partinl differens
tinl mpumations. In nomerical simulations, the partition thickness, the
orientation angle amd the Rayleigh nomber are considered. It s found
that the Bow circulation decreases with decreasing the orientation angle
amd the maximuam beat transfer rate & obtained near g = G0F for the
comsiclered partition thickness.

Keywords: conjugate convection, finlte eleprent method, comsol
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1 Introduction

Thermally driven flow amd heat transfer inoa diferentially beated enchsares

from sicde or helow las received conshderable attention over the past few decades,

largely due o a wide vardety of applications, which include bablding vechusol-
oy, electronke boes, solar collector techmology, erergy storage, nuclear pescbor
techmology, ete. Comprehensive theoretleally or experimentally studbes have
been condscted by many autlors. The togde of these stisdbs s mostly en-
closure bounded or partithomssd by solld walls with zero thickeess, In some
situatbons, the comductivities of the enclosure walls amd the Huid inskde ane
comparable and the wall thickpess is finite, e scample in te high pecfor-
mance insulation for balldings. This coupled conduct bn-convectbon prollem
ks called as conjugate convecthon. [1] studied a rectangular enclosure with a ver-
ibcal partiiion and Alled with alr. They found that partitboning s an efective
pethod of reducing beat transfer amd the maximum reduction in heat transfer
oocurs wlen the partition was placed midway between the vertbcal walla. The
heat transfer rate was foamd constderably attenuated in a partitioned enclo-
sure in comparing with that for non-partitioned enchosure as reported by [2).
[3] studied mumerically and experimentally enclosures with nmitiple vertical
partitbons and showed that the Nusseli number is inversely progsortbonal to the
number of partitions. [4] investigated the conductive multiple partitions and
shile walls and fouwmd the mean Nosselt mumber decreases with increasing of
partition mumber. [5] comparsd the numerscal and experimental results for a
cibée enchsure without and with a partition. They comcluded that tle nbro-
dhisction of a complete vertleal partitbon redeces convertive heat transfer from
50.1% to 63.6% in the range of Rayleigh numbers 38, 000 < Ra < 360, 000.
[6] reported the average Nusselt mumber increases with decreasing of thermal
reskstance of the partiton and the partition thickness has lttle efect on heat
transfer. [7] studied a vertically divided square enclosure by a solid partition
fnto alr and water regions and found that Blling of Auwid into cleests is importanst
for obtaining masdrmmm heat transfer and energy saving, [8] addressed on the
optimlzathon of heat trapsfer rate by varving the partitbonss bomatlon, partitions
soe and thermal conductivity ratio. Recently, [% concluded that the partition
position has a negligible effect on tle average Nusselt numbser.

T the hest of our knowledge, no report las been obtained for eopdsctive—
comvertive leat transfer n an bvellmed sgueare enclosures partitbomned by condise-
tive wall. Cootrolling the heat transfer using a partithon and varving the or-
entation angle are essentlal in indusirial applicatbons or in & ballding constrse-
thon. The alm of this work s to solve mumerseally the condusctive-convective
heat transfer in an enclosure with vertical partition. The hot and oodd walls
are making an angle with horkzontal divection.
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Figure 1: Schemathe representation of the model

2 Mathematical Formulation and Solution

A schemathe diagram of an inclined sguare csclsures with shides of leongth L
ks shown bn Figure 1. The ot wall s making an angle of ¢ with horizontal
directbon. For & = 0°, hot wall becomes tle bottom wall whereas for o =
O, it beoomes tlee befl vertical wall. Opposite to the ot sall B the oold
wall. (Fiher two walls are malntained aib adiabatbe conditbon, Thermophysbeal
progeertics of the Auid in tle Bow feld are sssunsed to be comstant exeept the
density vardathons cansing a body foree terns in the monsentom eguatbon. The
Bousslisesg approcimation s bnoked for the fuld properties to melate density
changes to temperature changes, amd to couple n this way the temperaiure
feld to the Bow Bebd. Under the alove assumptbons, e governing equatbons
for stessdy natural convection Bow wsing conservatbon of mass, monsentom and
energy can be written as
du v

E+ﬂ_y=n (1}
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M du_ 1dp (Fu P
HE-I-Hﬂ_H_ ﬁﬂ:l'-l-l:(ﬂij-l-ﬂyj}

—gf {Ty — T:)eos (2)
bo Do _ i (o F
HE+HH_F_ Pﬂy-l'b'(ﬂi:-l'ﬂy:)

+g8(Ty — T} sin (3)
iy Ty FT; Py
Hﬂ:l'+r-ﬂ'y_n{ +ﬂy’:} (4}

and the emergy equatbon for the solbd divider are:
Fle | FTe _
F*'?_ﬂ (3)

where tle sulscripts [ oand o stand for the fuid amd the wall pespectively.
No=slip condition is assaomed at all the solld-fluld intesfces. The valies of the
velocity are #eno o the solid reglons amd on the solid-flubd sterfees. Contl-
oty af the beat fux at the solld-Auid terfaces n both enclosiures

ar, _ar,
—L =K,
By iy

where K, = k_/k; & the thermal conductivity ratio. At the same time, conti-
pulty of the temperature at the solld-fluld intefaces B represented by Ty = T,

The governing equatbons with the boundary cosditions are solved pumer-
beally by emploving Galerkin welghted residual Anite element metlaod. The
beaasde iebea of this metlaod s dividing the whole donsain bnto smaller elements of
falte dimessions called Anite dements. Tlee solutbon domaln is generated bnbo
flite degment mesles, which are composed of nos-unifonn toangalar eleaseats,
The triangular mesh dstribution callbrates for fuld dysamios copdithon. We
comesicler the Laminar Flow (spl) for the contiounbty amd osomentunn equation
and Heat Tramsfer (Hi) for the corvection aml comduction equations. Figune
2 shows the snapslot of tle Consol program Qlustratieg the trangular mesh
distribution with an extra fee element size amd the oxaded bullder setiings.

After the convergence s reach then the Nusselt mansher or tle eat transfor
are caleulated. We present the Bow ciroulation usbeg the streamfusction which
B derived Fom tlee st derivative of velocitbes.

(B}

3 Results and Discussion

The analvsis i the undergolng aumerbeal ovestigathon are performed in the
followlng range of the assockated dipseastonless groups: the partition thicksess,
0u < 0 < 10, the Inclipation angle of tle encdosure, 0° < ¢ < 90 and the
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Figure 2: Snapshot of the Comsol program.
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Rayleigh sumber 107 < Ra < 10®. The Prandil sumber s fixed at Pr =
071 amd K, = 1. The Bow amd temperature felds are presented o terns
of streamline and Botheris contours, respectively. The heat transfer rate is
represented by the average Nusselt number.

Figure 3 shows the streamlines and Botherms to show the effects of incli-
nation angle on fow felds and thermal distribution for ) = 0.2, Some of
heat released by the bot surface and travels with the fubd in the hot portioon,
the partitbon wall released the heat again to fubd in the cold portbon amd it
terminates at the cold surface. These create rotating cells creulation. Flow
strength measurs] by the level labels. The fow clreulation decreasss with
decreaging tle orientation angle. The monocellilar Qow in the hot portion
are pegative dilation of the mopocellular flow in the cold portbon. The oore
vortex of the hot partition occurs at bower part while tle core vortex of the
cold partition occurs at upper part. For all angles, the sotherms o the solid
partithon are almest paralle]l with bot and cold surfaces. This s an evident
that the partition acts as a thernsal barrier.

Varlations of the average Nusselt mumber is shown Flg, 4 for diferent
values of R with constant values of D = 0.2, Olwiously, the average Nusselt
nitinber ks lncreased as the Ravleigh mumber inereases for any orlentation angle.
The average Nusselt number profile exhibit parabolie curve for the both cases
exccept at the Ra = 1P, This due to at Ra = 1P, the both morphology stay
i the comduction beat transfer mode at any orlentatbon angle. At Ra = 104,
The average Nusselt number remains 1, Indicating almoest no convecthon ocour
fnsbde tle enchsure. For higher buoyaney foree, the partition wall blocks the
comvective flow at @ = 0P or Bénard convection problem. Later, the partition
coaeducts heat ntensively from the hot Ausd at higler gravitational force or
higher temperature difference. The maxioum beat transfer rate ls obtalsed
near = G°.

4 Conclusions

I the present munserical sipmlatbons, we have studbed the partitioned enclosuire
with different orlentatbon. The governlng equations ane solved numerically
using the bulli-in fnite element method of COMSOL. Detailed computatbonal
results for How and temperature Belds and the heat transfer rate have been
presented o the graphical forms, The Inclination angle and Raylelgh number
affected the shape of streamlines edls, sotherns lines and Nusselt number
profiles.  We found that the flow clreulation decreases with decreasing the
orfentation angle aml the maximum leat transfer rate is obtalned pear 5 = 60°.
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2. Focus Group Discussion (FGD)
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3. Proses Pembuatan Elektroda Karbon Superkapasitor dari Eceng Gondok

Eceng gondok setelah pemotongan dan
pengeringan

Serbuk pra-karbon Karbonisasi dan aktivasi fisika

Karbon aktif dari eceng gondok Pelet karbon aktif dari eceng gondok
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Sel superkapasitor

Pengukuran CV

4. Proses Pembuatan Elektroda Karbon Superkapasitor dari Rumput Purun Tikus
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Serbuk pra-karbonisasi

Purun tikus setelah pengeringan dan
pemotongan

Aktivasi kimia
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5.

Karbonisasi dan aktivasi fisika

Sel superkapasitor

Hasil Pengujian Sifat Fisis dan Elektrokimia Elektroda Karbon Superkapasitor
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Hasil Pengujian Morfologi Permukaan menggunakan Scanning Electron
Microscopy (SEM)
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Hasil Pengujian Energi dispersif sinar-X
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e Hasil Pengujian Serapan Gas N,

Qi ome N in - Data Acquisition and Red
for NOVA instruments
©1994-2010, Quantach uantachré;e\w
version 11.0 TNSTAUMENTS
Optimizing posticle performance
Analysis Report
Operator:nova Date:2017/10/24 Operator:nova Date:11/1/2017
Sample ID: EG Filename: C:\QCdata\Physisorb\EG.qps
Sample Desc: Comment: Agustino
Sample weight:  0.0358 g Sample Volume: 0.0105 cc Sample Density: 3.41 g/cc
Outgas Time: 3.0hrs OutgasTemp: 300.0C
Analysis gas: Nitrogen Bath Temp: 773K
Press. Tolerance: 0.050/0.050 (ads/des) Equil time: 120/120 sec (ads/des)  Equil timeout: 240/240 sec (ads/des)
Analysis Time:  547.9 min End of run: 2017/10/24 2:42:27 Instrument: Nova Station B
Cell ID: 91 FI/W version: 0.00
Multi-Point BET
0 Data Reduction Parameters Data
Adsorbate Nitrogen Temperature 77.350
Molec. Wt.: 28.013 ¢ Cross Section:  16.200 A Liquid Density:  0.808 gicc
Multi-Point BET Data
Relative Volume @ STP 1/ W((Po/P) - 1)] Relative Volume @ STP  1/[W((Po/P) -1)]
Pressure Pressure
[P/Po] [cc/g] [P/Po] [cc/g]
2.68080e-02 158.7657 1.3882e-01 1.75844e-01 217.9947 7.8311e-01
5.31990e-02 173.7127 2.5880e-01 2.14877e-01 228.3009 9.5917e-01
8.48430e-02 187.7062 3.9518e-01 2.38064e-01 234.3746 1.0666e+00
1.20541e-01 201.1168 5.4528e-01 2.69197e-01 242.4868 1.2154e+00
1.55241e-01 212.1567 6.9305e-01 3.09375e-01 252.0139 1.4222e+00
BET summary
Slope = 4.477
Intercept = 1.005e-02
Correlation coefficient, r = 0.999510
C constant= 446.502
Surface Area = 776.213 m?*/g
10 Report id:{713434074:20171101 080328171} Page 1 of 1
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CWb

Hasil Pengukuran menggunakan Cyclic Voltammetry
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