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INTISARI

PENGARUH DOPING La* PADA SPINEL FERIT MnFe,O4 HASIL GREEN SYNTHESIS
TERHADAP STRUKTUR DAN AKTIVITAS PENGHILANGAN ZAT WARNA DIRECT RED 81

Oleh:

Muhammad Aulia Fikri (NIM:2110413033)
Prof. Dr. Zulhadjri, M.Eng* , Prof. Dr. Rahmayeni, M.Si*

*Pembimbing

Pencemaran air akibat zat warna sintetis khususnya Direct,Red 81 (DR81), menjadi permasalahan
lingkungan yang serius karena sifatnya yang stabil, toksik, dan‘sulit terdegradasi secara alami.
Penelitian ini bertujuan untuk mensintesis serta mengetahui aktivitas degradasi zat warna Direct Red
81 menggunakan spinel ferit MnFe,O, terdoping La** melalui pendekatan green synthesis. Material
disintesis dengan metode hidrotermal dengan ekstrak daun Uncaria gambir Roxb, sebagai capping
agent. Karakterisasi struktur kristal, morfologi, dan sifat optik dilakukan menggunakan XRD, FTIR,
SEM-EDX, dan UV-Vis DRS. Hasil XRD menunjukkan terbentuknya struktur spinel ferit dengan
perubahan distribusi kation akibat substitusi La** yang mempengaruhi sifat optik dan magnetik material.
Analisis UV-Vis DRS menunjukkan penurunan energi celah pita dan pergeseran serapan ke daerah
tampak sehingga meningkatkan respons terhadap cahaya matahari. Uji aktivitas degradasi dilakukan
dengan variasi massa katalis dan kondisiipenyinaran. Massa optimum diperoleh pada 30 mg dengan
efisiensi penghilangan sebesar 83,81% pada kondisi gelap dan 80,22% di bawah sinar matahari tanpa
penambahan oksidator. Penambahan H,O, secara signifikan meningkatkan efisiensi degradasi hingga
92,39% dalam waktu 60 menit di bawah cahaya matahari. Hasil ini menunjukkan bahwa mekanisme
reaksi didominasi oleh proses adsorpsi dan oksidasi melalui pembentukan radikal hidroksil («OH) dari
aktivasi H,O, oleh ion Fe dan Mn dalam struktur spinel, sehingga mempercepat proses oksidasi
senyawa azo pada Direct Red 81. Degradasi dikontrol oleh pembentukan radikal aktif pada permukaan
katalis. Secara keseluruhan, MnFe,O, terdoping La** hasil green synthesis berpotensi sebagai katalis
ramah lingkungan untuk pengolahan limbah zat warna tekstil.

Kata kunci: MnFe,0,, doping La*", degradasi zat warna, Fotokatalitik, photo-Fenton, H,O,, Direct Red
81, hidrotermal, green synthesis



ABSTRACT

EFFECT OF La** DOPING ON THE STRUCTURE AND DIRECT RED 81 REMOVAL ACTIVITY OF
MnFe,O, SPINEL FERRITE SYNTHESIZED VIA GREEN SYNTHESIS

by:

Muhammad Aulia Fikri (NIM:2110413033)
Prof. Dr. Zulhadjri, M.Eng* , Prof. Dr. Rahmayeni, M.Si*

*Supervisors

Water pollution caused by synthetic dyes, particularly Direct Red 81 (DR81), has become a serious
environmental issue due to'its stability,\toxicity,'and' résistanceto natural degradation. This study aims
to synthesize and determine the degradation activity of Direct Red 81 using La®**-doped spinel ferrite
MnFe;O4 through a green synthesis approach. The material was synthesized via a hydrothermal
method utilizing Uncaria gambir Roxb leaf extract as a capping agent. Structural, morphological, and
optical properties were characterized using XRD, FTIR, SEM-EDX, and UV-Vis DRS analyses. XRD
results show the formation of a spinel ferrite structure with changes in cation distribution due to La®*
substitution, which influenced the optical and magnetic properties of the material. UV-Vis DRS analysis
revealed a decrease in band gap energy and a red shift toward the visible region, enhancing the
material’s responsiveness to sunlight. Degradation activity tests were conducted by varying catalyst
mass and irradiation conditions. The optimum catalyst mass was 30 mg, achieving removal efficiencies
of 83.81% under dark conditions and 80.22% under sunlight without oxidant addition. The introduction
of H,O, significantly increased degradation efficiency to 92.39% within 60 minutes under sunlight
irradiation. The results indicate that the reaction mechanism is dominated by adsorption and oxidation
processes through the formation of hydroxyl radicals (*OH) generated from the activation of H202 by Fe
and Mn ions within the spinel structure, thereby accelerating the oxidation of azo compounds in Direct
Red 81. The degradation process is controlled by the generation of active radicals on the catalyst
surface. Overall, La%*-doped MnFez04 synthesized via a green synthesis approach shows strong
potential as an environmentally friendly catalyst for the treatment of textile dye wastewater.

Keywords: MnFe;0,, La** doping, dye\degradation, photocatalytic, photo=Fenton, H,O,, Direct Red
81, hydrothermal, green synthesis



