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KEMODINAMIKA KOMPETISI ADSORPSI ION LOGAM Ni(II) DAN Cd(II) 

PADA MAGNETIK ASAM FULVAT-KITOSAN SEBAGAI USAHA 

MENDUKUNG KETAHANAN AIR 

Indonesia sebagai negara dengan populasi terbanyak di dunia, membutuhkan 
sumber air yang bersih. Limbah industri pabrik yang dibuang sembarangan 
mencemari perairan dengan logam berbahaya. Metode adsorpsi merupakan salah 
satu metode yang baik untuk mengurangi kadar logam berbahaya di perairan. 
Penelitian ini menggunakan asam fulvat hasil ekstraksi dari kompos tinja kambing 
dan menggabungkannya dengan kitosan serta magnetit sebagai material 
adsorben logam Cd. Hasil penelitian menunjukkan pada FTIR untuk magnetit 
asam fulvat-kitosan muncul puncak pada 1627 cm-1 yang adanya C=C- aromatik 
dan cincin aromatic -OH dan C=O gugus kuinon yang menandakan adanya asam 
fulvat yang terikat. Analisa BET pada magnetit dan magnetit asam fulvat-kitosan 
dilakukan, dan didapatkan volume pori, dan ukuran pori sebesar 0,177488 cm3/g 
dan 6,5394 nm berturut-turut. Terjadi penarikan atau gaya tarik-menarik dari 
magnetit asam fulvat-kitosan dengan magnet eksternal disebabkan oleh sifat 
kemagnetan dari komposit. Pengujian adsorpsi model isotherm dan kinetika 
dilakukan, didapatkan logam Cd(II) berjalan secara multilayer dan pseudo-ordo 
dua, dengan nilai b sebesar 107.527 mg/g dan qe eksperimen sebesar 4.86 x 10-5 
mol/g. Pada logam Ni(II), berjalan pada multilayer dan pseudo-ordo dua, dengan 
nilai b sebesar 121.68 mg/g dan qe eksperimen sebesar 6.28 x 10-5 mol/g. Adsorpsi 
kompetisi logam Ni(II) dan Cd(II) pada magnetit asam fulvat-kitosan, menunjukkan 
adanya perbedaan adsorpsi permukaan adsorben pada logam Ni(II) dan Cd(II). 

Kata Kunci: Adsorpsi, Asam Fulvat, Cd(II), Kitosan, Magnetit 
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ABSTRACT 

 
CHEMODYNAMICS OF COMPETITIVE ADSORPTION OF Ni(II) AND 

Cd(II) IONS ON MAGNETIC FULVIC ACID-CHITOSAN AS AN EFFORT 

TO SUPPORT WATER SECURITY 

Indonesia, as one of the most populous countries in the world, requires clean water 

sources. Industrial waste that is improperly discharged pollutes water bodies with 

hazardous metals. Adsorption is one of the effective methods for reducing the 

concentration of harmful metals in water. This study utilized fulvic acid extracted 

from goat manure compost and combined it with chitosan and magnetite as an 

adsorbent material for Cd metal. The FTIR results for the magnetite-fulvic acid- 

chitosan composite showed a peak at 1627 cm⁻¹, indicating the presence of 

aromatic C=C, aromatic ring -OH, and quinone C=O groups, which confirm the 

binding of fulvic acid. BET analysis was performed on magnetite and magnetite- 

fulvic acid-chitosan, and the pore volume and pore size were found to be 0.177488 

cm³/g and 6.5394 nm, respectively. The composite exhibited magnetic behavior 

due to the attraction between the magnetite-fulvic acid-chitosan and an external 

magnet. Adsorption tests using isotherm and kinetic models revealed that Cd(II) 

adsorption followed a multilayer mechanism and pseudo-second order kinetics, 

with a b value of 107.527 mg/g and an experimental qe of 4.86 × 10⁻⁵ mol/g. For 

Ni(II), the adsorption also followed a multilayer mechanism and pseudo-second- 

order kinetics, with a b value of 121.68 mg/g and an experimental qe of 6.28 × 10⁻⁵ 
mol/g. In the competitive adsorption of Ni(II) and Cd(II) on magnetite fulvic acid- 

chitosan, showing the difference in surface adsorption of adsorbents on Ni(II) and 

Cd(II) metals. 

Key Words: Adsorption, Fulvic Acid, Cd(II), Chitosan, Magnetite 



 

DAFTAR ISI 

ix 

 

 

LEMBAR PERSETUJUAN SKRIPSI .................................................................. ii 

LEMBAR PENGESAHAN SKRIPSI ................................................................... iii 

PERNYATAAN ORISINALITAS .......................................................................... iv 

KATA PENGANTAR ............................................................................................. vi 

ABSTRAK ............................................................................................................. vii 

ABSTRACT .......................................................................................................... viii 

DAFTAR ISI ........................................................................................................... ix 

DAFTAR GAMBAR ............................................................................................... xi 

DAFTAR TABEL ................................................................................................. xiii 

DAFTAR SINGKATAN ....................................................................................... xiv 

BAB I PENDAHULUAN ........................................................................................ 1 

1.1 Latar Belakang ............................................................................................... 1 

1.2. Rumusan Masalah ........................................................................................ 4 

1.3 Tujuan Penelitian ............................................................................................ 4 

1.4 Manfaat Penelitian ......................................................................................... 5 

BAB II TINJAUAN PUSTAKA ............................................................................. 6 

2.1 Landasan Teori ............................................................................................... 6 

2.1.1 Adsorpsi ................................................................................................ 6 

2.1.2 Asam Fulvat .......................................................................................... 7 

2.1.3 Logam Berat ......................................................................................... 8 

2.1.4 Kitosan .................................................................................................. 9 

2.1.5 Magnetit .............................................................................................. 10 

2.2 Hasil Penelitian Terdahulu .......................................................................... 11 

2.3 Kerangka Berpikir ......................................................................................... 13 

2.4 Hipotesis ........................................................................................................ 14 

BAB III METODE PENELITIAN ....................................................................... 15 

3.1 Metode dan Desain Penelitian ................................................................... 15 

3.2 Tempat dan Waktu Penelitian ..................................................................... 16 

3.3 Alat dan Bahan ............................................................................................. 17 

3.4 Populasi dan Sampel ................................................................................... 18 

3.5 Variabel Peneltian ........................................................................................ 18 

3.6 Prosedur Penelitian ...................................................................................... 18 

3.6.1 Pemurnian Asam Fulvat dari Kotoran Kambing ............................ 18 



 

DAFTAR ISI 

x 

 

 

3.6.2 Sintesis Magnetit-AF-Kitosan .......................................................... 18 

3.6.3 Isoterm Adsorpsi non-Kompetitif ..................................................... 19 

3.6.4 Kinetika Adsorpsi non-Kompetitif .................................................... 19 

3.6.5 Pengaruh Kompetisi terhadap Kemampuan Adsorpsi ................. 20 

3.6.6 Preparasi Larutan Standar Logam .................................................. 20 

3.6.7 Analisis Data ....................................................................................... 20 

BAB IV HASIL DAN PEMBAHASAN ............................................................... 21 

4.1 Sintesis Magnetit Kitosan-AF ..................................................................... 21 

4.1.1 Ekstraksi Asam Fulvat dari Kompos Kotoran Kambing ............... 21 

4.1.2 One-pot Magnetit AF-Kitosan .......................................................... 23 

4.2 Hasil Karakterisasi ....................................................................................... 27 

4.2.1 Hasil Spektrum IR pada Magnetit AF-Kitosan ............................... 27 

4.2.3 Hasil adsorpsi-deadsorpsi gas N2 pada Magnetit AF-Kitosan .... 30 

4.2.3 Hasil Sifat Magnet pada Magnetit AF-Kitosan .............................. 31 

4.3 Adsorpsi ......................................................................................................... 32 

4.3.1 Larutan standar logam Cd................................................................ 32 

4.3.2 Adsorpsi isoterm logam Cd .............................................................. 35 

4.3.3 Adsorpsi Kinetika Cd ......................................................................... 38 

4.3.4 Larutan Standar Logam Ni ............................................................... 40 

4.3.5 Adsorpsi Isoterm Ni. .......................................................................... 43 

4.3.6 Adsorpsi Kinetika Ni .......................................................................... 46 

4.3.7 Kompetisi Ion Logam ........................................................................ 48 

BAB V KESIMPULAN DAN SARAN ................................................................ 50 

5.1 Kesimpulan.................................................................................................... 50 

5.2 Saran .............................................................................................................. 51 

DAFTAR PUSTAKA ........................................................................................... 53 

Lampiran .............................................................................................................. 62 



 

xi 

 

 

 
DAFTAR GAMBAR 

 
Gambar 2.1 Adsorpsi Fisika dan Adsorpsi Kimia ............................................. 6 

Gambar 2.2 Struktur Asam Fulvat ...................................................................... 8 

Gambar 2.3 Struktur Kimia Kitosan ................................................................... 9 

Gambar 2.4 Struktur Magnetit .......................................................................... 10 

Gambar 3.1 Desain Penelitian .......................................................................... 15 

Gambar 4.1 (a) Kompos kotoran kambing dan (b) kompos kotoran 
kambing yang telah digerus ....................................................... 22 

Gambar 4.2 Kompos kotoran kambing dilarutkan pada NaOH ................... 22 

Gambar 4.3 Asam fulvat dipekatkan selama 24 jam ..................................... 23 

Gambar 4.4 Reaksi Kitosan dengan Asam Asetat ......................................... 24 

Gambar 4.5 Reaksi Kimia Kitosan dengan Ion Fe ........................................ 24 

Gambar 4.6 Kitosan dilarutkan pada asam asetat (a), Fe2+ dan Fe3+ 

dicampurkan pada larutan kitosan (b), dan Pencampuran 
asam fulvat dan NH4OH (c) ................................................. 25 

Gambar 4.7 Reaksi Kimia Ion Fe dengan NH4OH ........................................ 25 

Gambar 4.8 Hasil sintesis magnetit AF-kitosan ............................................. 26 

Gambar 4.9 Skema Sintesis Magnetit Asam Fulvat-Kitosan ....................... 26 

Gambar 4.10 Hasil Karakterisasi FTIR Asam Fulvat Ekstraksi, Kitosan, 
Magnetit, dan Magnetit Asam Fulvat-Kitosan ......................... 27 

Gambar 4.11 Hasil analisis BET Magnetit Kitosan-AF dan magnetit ......... 29 

Gambar 4.12 Uji Kemagnetan Magnetit AF-Kitosan dengan magnet 
eksternal ....................................................................................... 31 

Gambar 4.14 Grafik Kurva Deret Standar Logam Cd-Alizarin red S .......... 33 

Gambar 4.15 Grafik Kurva Deret Standar Logam Cd-fenantrolina ............. 34 

Gambar 4.16 (a) Filtrat Hasil Adsorpsi Isoterm Logam Cd dan (b) Filtrat 
Hasil Adsorpsi Setelah Diteteskan Alizarin red S .................. 35 

Gambar 4.17 Plot grafik linear Langmuir (a), Freunlich (b), Dubinin- 
Radushkevich (c), dan Temkin (d) model isoterm adsorpsi 
logam Cd dari magnetit AF-kitosan .......................................... 36 

Gambar 4.18 Filtrat hasil adsorpsi logam Cd diteteskan Alizarin red S ..... 38 

Gambar 4.19 Plot grafik Lagergren (a) dan Ho (b) Model Kinetika Adsorpsi 
Logam Cd dari Magnetik Asam Fulvat-Kitosan ...................... 39 

Gambar 4.21 Grafik Kurva Deret Standar Logam Ni-fenantrolina .............. 41 



 

xii 

 

 

Gambar 4.22 Grafik Kurva Deret Standar Logam Ni-ARS ........................... 42 

Gambar 4.23 Filtrat Hasil Adsorpsi Logam Ni diteteskan Fenantrolina  43 

Gambar 4.24 Plot grafik linear Langmuir (a), Freunlich (b), Temkin (c), dan 
Dubinin-Radushkevich (d) model isoterm adsorpsi logam Cd 
dari magnetit AF-kitosan ............................................................ 44 

Gambar 4.25 Filtrat Hasil Adsorpsi Kinetika Logam Ni ................................. 46 

Gambar 4.26 Plot grafik Lagergren (a) dan Ho (b) Model Kinetika Adsorpsi 
Logam Ni dari Magnetik Asam Fulvat-Kitosan ........................ 47 

Gambar 4.27 Filtrat Hasil Adsorpsi Logam Ni dan Cd setelah diteteskan 
Alizarin red S dan Fenantrolina ................................................. 48 



 

xiii 

 

 

 
DAFTAR TABEL 

 
Tabel 2.1 Hasil Penelitian Terdahulu ............................................................... 11 

Tabel 3.1 Tabel Agenda Rencana Penelitian .................................................. 16 

Tabel 4.1 Puncak Serapan FTIR ...................................................................... 28 

Tabel 4.2 Parameter adsorben hasil kalkulasi adsorpsi isoterm N2 .................. 30 

Tabel 4.3 Hasil Absorbansi Larutan Standar Logam Cd-ARS ..................... 32 

Tabel 4.4 Hasil Absorbansi Larutan Standar Logam Cd-fenantrolina ......... 34 

Tabel 4.5 Hasil Adsorpsi Isoterm Logam Cd ................................................... 35 

Tabel 4.6 Hasil Adsorpsi Kinetika Cd ............................................................... 38 

Tabel 4.7 Hasil Absorbansi Larutan Standar Ni-Fenantrolina ...................... 40 

Tabel 4.8 Hasil Absorbansi Larutan Standar Ni-ARS .................................... 42 

Tabel 4.9 Hasil Adsorpsi Isoterm Logam Ni .................................................... 43 

Tabel 4.10 Hasil Adsorpsi Kinetika Logam Ni ................................................. 46 

Tabel 4.11 Hasil Adsorpsi Kompetisi Logam Ni dan Cd ................................ 48 



 

xiv 

 

 

 
DAFTAR SINGKATAN 

 

AF : Asam Fulvat 

FTIR : Fourier Transform Infrared Spectophotometer 

KTK : Kapasitas Tukar Kation 

LTJ : Logam Tanah Jarang 

SEM-EDX : Scanning Electron Microscope-Energy Dispersive X-ray 

TNI : Tentara Nasional Indonesia 

UV-Vis : Ultraviolet – Visible Spectophotometer 

VSM : Vibrating Sample Magnometer 

XRD : X-ray Diffractometer 


