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ABSTRAK

Industri garam di Indonesia menghasilkan volume limbah cair (bittern) dengan
kadar magnesium sangat tinggi yang berpotensi mencemari lingkungan pesisir,
namun sekaligus dapat dimanfaatkan sebagai sumber daya sekunder melalui proses
resource recovery menjadi pupuk slow release berupa kristal struvite (MgNH4PO4
6H:20). Penelitian ini bertujuan untuk mengevaluasi kinerja Fluidized Bed Reactor
(FBR) dalam menurunkan konsentrasi magnesium pada limbah bittern, serta
menganalisis pengaruh variasi laju aliran dan rasio molar reaktan terhadap efisiensi
presipitasi dan karakteristik produk kristal yang dihasilkan. Eksperimen dilakukan
secara berkesinambungan di dalam FBR menggunakan limbah bittern dari tambak
garam di Blitar (konsentrasi awal magnesium 45.720 mg/L) dengan memvariasikan
laju aliran fluida pada 3,0; 3,5; 4,0; 4,5; dan 5,0 L/menit, serta rasio molar
(MgNH4PO4 6H20) pada 1:1:1; 1:1,3:1; dan 1:1:1,5. Kinerja reaktor dievaluasi
melalui persentase penurunan konsentrasi magnesium di fasa cair dan pengukuran
massa fisik kristal secara gravimetri, dilanjutkan dengan karakterisasi fasa kristalin,
morfologi, dan komposisi unsur presipitat menggunakan instrumen X-Ray
Diffraction (XRD) dan Scanning Electron Microscopy - Energy Dispersive X-Ray
(SEM-EDX). Hasil pengujian menunjukkan bahwa FBR mampu mencapai efisiensi
removal magnesium sebesar 74,5% hingga 81,2%, dengan performa hidrodinamika
terbaik dicapai pada laju aliran 4,5 L/menit. Pada parameter komposisi reaktan,
perlakuan rasio amonium berlebih (1:1,3:1) memberikan hasil paling optimum
dengan perolehan massa kristal tertinggi sebesar 35 gram. Hasil karakterisasi XRD
dan SEM-EDX lebih lanjut memvalidasi bahwa rasio 1:1,3:1 sukses menghasilkan
produk presipitat dengan tingkat kristalinitas tinggi, terdistribusi secara individual
tanpa aglomerasi amorf, serta menampilkan morfologi batangan prismatik
memanjang (rod-like) khas struvite murni.

Kata Kunci: Bittern, Fluidized Bed Reactor, Magnesium, Rasio Molar, Struvite.



ABSTRACT

The salt industry in Indonesia generates a large volume of liquid waste (bittern)
with a very high magnesium content that has the potential to pollute coastal
environments, but simultaneously can be utilized as a secondary resource through
a resource recovery process into a slow-release fertilizer in the form of struvite
crystals (MgNH4PO4 6H>0). This study aims to evaluate the performance of a
Fluidized Bed Reactor (FBR) in reducing the magnesium concentration in bittern,
as well as to analyze the effects of varying flow rates and reactant molar ratios on
the precipitation efficiency and the characteristics of the resulting crystal product.
Continuous experiments were conducted in the FBR using bittern waste from salt
ponds in Blitar (initial magnesium concentration of 45,720 mg/L) by varying the
fluid flow rates at 3.0, 3.5, 4.0, 4.5, and 5.0 L/min, and the molar ratios of
(MgNH4PO4 6H20) at 1:1:1, 1:1.3:1, and 1:1:1.5. Reactor performance was
evaluated through the percentage of magnesium concentration reduction in the
liquid phase and the gravimetric measurement of physical crystal mass, followed
by the characterization of the crystalline phase, morphology, and elemental
composition of the precipitate using X-Ray Diffraction (XRD) and Scanning
Electron Microscopy - Energy Dispersive X-Ray (SEM-EDX) instruments. The test
results demonstrated that the FBR could achieve a magnesium removal efficiency
of 74.5% to 81.2%, with the best hydrodynamic performance attained at a flow rate
of 4.5 L/min. Regarding the reactant composition parameters, the excess
ammonium ratio treatment (1:1.3:1) provided the most optimal results, yielding the
highest crystal mass of 35 grams. Furthermore, the XRD and SEM-EDX
characterization results validated that the 1:1.3:1 ratio successfully produced a
precipitate product with high crystallinity, distributed individually without
amorphous agglomeration, and displaying the elongated prismatic (rod-like)
morphology typical of pure struvite.

Keywords: Bittern, Fluidized Bed Reactor, Magnesium, Molar Ratio, Struvite.
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