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RINGKASAN

Riani Ayu Lestari. 2241213320001. 2025. Program Doktor Ilmu Lingkungan.
Pascasarjana. Universitas Lambung Mangkurat. Fabrikasi Membran Hybrid
Polyamide-Lignin Selective Layer pada Substrat Keramik Tubular dengan Proses
Simultan Interfacial Polymerization dan Inner- Coating untuk Aplikasi Pengolahan
Palm Oil Mill Effluent melalui Pervaporasi. Pembimbing: Prof. Ir. Muthia Elma,
ST., M.Sc., Ph.D; Assos. Prof. Muhammad Roil Bilad, ST., M.Sc.Eng, Ph.D; Dr.
Ir. Isna Syauqiah, ST., MT.

Pengolahan dan pemanfaatan kembali air limbah berkontribusi sangat besar
terhadap efisiensi konsumsi air dalam mengatasi permasalahan global kelangkaan
air dan pencemaran lingkungan yang terus meningkat. Polyamide (PA) merupakan
material membran yang tinggi selektivitas dan mudah dimodifikasi. Penambahan
lignin berupa lignosulfonat (Lig) dalam matriks polyamide selective layer (PA SL)
dapat meningkatkan permeasi dan selektivitas. Tujuan penelitian ini adalah
menginvestigasi kemampuan membran PA/Lig SL pada substrat alumina (Al>O3)
tubular single-channel untuk dekontaminasi organik Palm Oil Mill Effluent
(POME) menjadi water recycling melalui proses pervaporasi (PV). Dekontaminasi
POME dijalankan dalam proses pervaporasi tunggal dengan feedwater (FW) berupa
POME dengan beberapa variasi suhu pervaporasi.

Metode penelitian mencakup: 1) persiapan larutan monomer m-
phenylenediamine (MPD) dan trimesoyl chloride (TMC); 2) persiapan lignin dari
lignosulfonat; 3) sintesis PA dari TMC, MPD dan Lig melalui reaksi interfacial
polymerization (IP); 4) Inner-coating PA/Lig SL pada substrat Al;Os3; 5)
pengeringan PA/Lig SL-ALO3 pada suhu 80°C; dan 6) mengaplikasikan membran
melalui pervaporasi (PV). Penelitian dilaksanakan di Laboratorium Material
Membrane Research Group dan Laboratorium Instrumentasi Fakultas Teknik
ULM, serta sampel POME diambil dari kolam di PT Mustika Sembuluh
Kalimantan Tengah.

Hasil analisis menunjukkan kecenderungan lignin dapat terintegrasi ke dalam
matriks poliamida terbukti dari puncak khas poliamida CONH dan ester pada hasil
FTIR. Analisis SEM menunjukkan selective layer terbentuk pada bagian dalam
permukaan substrat alumina tanpa adanya intermediate layer yang menunjukkan
keberhasilan penetrasi ke dalam pori substrat sehingga meningkatkan kekuatan
pelapisan. Performa membran pada penambahan lignin 0,75% memiliki nilai
rejeksi warna dan kontaminan organik paling tinggi mendekati 90%, sementara
konsentrasi lignin terkecil 0,25% memberikan nilai fluks paling tinggi sekitar 16
kg/m?.jam pada suhu feedwater 30°C lebih tinggi dari fluks PA-SL murni sekitar
13 kg/m? jam. Adanya peningkatan suhu feedwater mempengaruhi proses filtrasi,
semakin tinggi suhu maka nilai fluks dan rejeksi semakin meningkat. Kualitas
permeat mendekati syarat standar air proses. Proses kogulasi-pervaporasi
terintegrasi lebih disarankan untuk menjaga kualitas dan masa pakai membran.

Kata Kunci: POME, kontaminan organik, warna, membran poliamida-lignin,
pervaporasi
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SUMMARY

Riani Ayu Lestari. 2241213320001. 2025. Doctoral Program of Environmental
Science. Postgraduate Faculty. University of Lambung Mangkurat. Fabrication of
Hybrid Membrane Polyamide-Lignin Selective Layer on Tubular Ceramic
Substrate via Simultaneous Interfacial Polymerization and Inner Coating Process
for Palm Oil Mill Effluent Treatment through Pervaporation. Supervisors: Prof. Ir.
Muthia Elma, ST., M.Sc., Ph.D; Assos. Prof. Muhammad Roil Bilad, ST.,
M.Sc.Eng., Ph.D.; Dr. Ir. Isna Syauqiah, ST., MT.

The treatment and reuse of wastewater contribute significantly to the
efficiency of water consumption in addressing global issues such as water scarcity
and increasing environmental pollution. Polyamide (PA) is a membrane material
known for its high selectivity and ease of modification. The addition of lignin in the
form of lignosulfonate (Lig) in the polyamide selective layer (PA SL) matrix can
enhance permeability and selectivity. The aim of this study is to investigate the
performance of the PA/Lig SL membrane on a single-channel alumina (Al2O3)
tubular substrate for the decontamination of organic Palm Oil Mill Effluent
(POME) into water recycling through the pervaporation (PV) process. The
decontamination of POME was conducted in a single pervaporation process with
feedwater (FW) consisting of POME, with varying pervaporation temperatures and
pretreatment variations.

The research methods include: 1) preparation of m-phenylenediamine (MPD)
and trimesoyl chloride (TMC) monomer solutions; 2) preparation of lignin from
lignosulfonate; 3) PA synthesis from TMC, MPD, and Lig via interfacial
polymerization (IP) reaction; 4) inner-coating of PA/Lig SL on the Al>O; substrate;
5) drying of PA/Lig SL-AL>O3 at 80°C; and 6) application of the membrane through
pervaporation (PV). The feedwater was artificial saline water, and the POME
sample was taken from the anaerobic pond at PT Mustika Sembuluh, Kalimantan
Tengah.

The analysis results showed that lignin could integrate into the polyamide
matrix, as evidenced by the characteristic polyamide CONH and ester peaks in the
FTIR results. SEM analysis revealed that the selective layer was formed on the inner
surface of the alumina substrate without an intermediate layer, indicating successful
penetration into the substrate pores, thereby improving the coating strength. The
membrane performance with 0.75% lignin addition showed the highest rejection of
color and organic contaminants, approaching 90%, while the lowest lignin
concentration of 0.25% provided the highest flux value of around 16 kg/m>.h at a
feedwater temperature of 30°C, which was higher than the pure PA-SL flux of
around 13 kg/m?.h. An increase in feedwater temperature affected the filtration
process, with higher temperatures leading to increased flux and rejection values.
The permeate quality approached the required standards for process water. The
integrated coagulation-pervaporation process is recommended to maintain
membrane quality and lifespan.
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Keywords: POME, organic contaminant, color, polyamide-lignin membrane,
pervaporation
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Dissertation Supervisor
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