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Highlights

e MnS on C support were prepared from kapok fibers by pyrolysis.
o Materials were able to catalyze PET glycolysis with 100% of efficiency.
e Catalysts yielded 68% of BHET and showed great recyclability.

Resumo/Abstract

With the proliferation of polyethylene terephthalate (PET) use, waste accumulation has become a problem for society.
PET is a material that is naturally difficult to degrade, thus recycling is the most promising option to reduce its
environmental impact. PET recycling can be carried out using several methods, with chemical processes being the
most established, since it leads to depolymerization into monomers. Chemical recycling is essentially slow without a
catalyst and the efficiency is directly related to the catalyst used. Homogeneous catalysis based on metal-derived
compounds is effective, however due to their high solubility in solvents, product purification becomes complicated, and
its use also increases the risk of environmental contamination. A promising alternative is to immobilize these metal
species on solid supports enabling catalyst separation and recovery from the reaction mixture. Hybrid Mn-C catalysts
were obtained by pyrolysis of kapok fibers (Ceiba speciosa) collected on the UEM campus. The fibers were dried,
deseeded, and boiled in distilled water to remove impurities, then wet-impregnated to form three precursors: P1
(MnSOa4), P2 (MNSO4 + H3BO3), and P3 (MnSO4 + H3BOs + melamine). After drying, the impregnated fibers were
pyrolyzed in a tube furnace under N2 (50 mL min-1) using a two-step profile: 200 °C (30 min) followed by 800 °C (30
min). The resulting hybrid Mn/C catalysts were designated D1-D3 (from P1-P3) and characterized by X-ray diffraction
(XRD), Raman spectroscopy and Thermogravimetric analysis (TGA). XRD reveals MnS as the dominant crystalline
phase in D1-D3, with 28 = 29.5°, 34.1°, and 49.1° (PDF 72-1534). D2 and D3 also exhibit weak peaks at 30.9° and
33.0°, ascribed to Mn3O4 (PDF 03-065-2776). These results indicate that MNSO4 decomposes mainly to MnS during
pyrolysis, with minor Mn3O4 forming in selected samples. Raman spectra display bands at ~1350 cm! and ~1585 cm-
1 known as the D and G bands of carbonaceous materials, ascribed to the breathing of sp? rings and the in-plane Exg
stretching of sp? C-C bonds, respectively. Comparing band intensities, Io/lc increases from D1 to D2 and D3, indicating
greater disorder/defect density and reduced graphitic order induced by these additives during pyrolysis. Catalytic
performance was evaluated by PET conversion and BHET vyield. With 1.5% catalyst loading for 2 h, all materials
achieved 100% PET conversion, but the BHET yields were 62%, 65% and 58% for D1, D2 and D3, respectively.
Differential scanning calorimetry confirmed BHET as the main product via its ~110 °C melting peak. BHET yield
correlated with MnS content obtained from TGA (D1: 39%, D2: 42%, D3: ~30%), aligning with D2’s higher yield. D1
was selected for optimization due to its simpler composition and elevated activity. At 1.5% loading, BHET yield
increased from 62% (2 h) to 68% (3 h) and slightly decreased at 4 h, indicating equilibrium at 3 h. At 3 h, optimum yield
(68%) occurred at 1.5% catalyst; 0.75% gave 62%, while 3.0% and 4.5% lowered yields (53%, 48%) due to equilibrium
shifts and/or oligomer formation. Under the optimal condition (3 h, 1.5%), complete PET conversion and stable BHET
yields (~68%) were maintained over three cycles, confirming catalyst robustness. The results demonstrate the viability
of kapok as a sustainable precursor for catalysts used in PET chemical recycling, contributing to environmentally
responsible plastic-waste reuse.
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