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Introduction 

The persistent environmental challenge of marine plastic waste, which contributes to ecosystem disruption and 

water contamination, underscores the need for sustainable solutions. Repurposing collected waste materials offers the 

potential to generate valuable energy and chemical products [1] In particular, recovering caprolactam from discarded 

nylon-6 fishing nets can contribute to resource conservation, improve waste management efficiency, and establish a 

closed-loop system within the circular economy of the fishing net industry [2]. This research investigates the pyrolysis of 

fishing nets and the effect of a newly developed biochar-based catalyst impregnated with Ca at different temperatures on 

the composition of the resulting products, supporting circular economy initiatives. Used fishing nets were analyzed using 

TGA–DTG in a microscale pyrolysis setup, coupled with FTIR and GC–MS to characterize the evolved gaseous and 

liquid products. Initial micro-thermal analysis of the feedstock shows minor degradation at approximately 200 °C and a 

major decomposition peak at around 450 °C, resulting in an 90 wt.% mass loss. Analysis of the pyrolysis oils indicates 

the presence of significant quantities of aromatic and aliphatic hydrocarbons.The application of the biochar-based catalyst 

enhances the recovery of caprolactam and improves the quality of the resulting products [3]. Overall, the results 

demonstrate that catalytic pyrolysis of discarded fishing nets using the biochar-based catalyst is an effective approach for 

producing both energy-rich products and high-value chemical derivatives, thereby contributing to sustainable resource 

utilization and the circular economy. 

Materials and methods 

Characterization of the feedstock was carried out using ultimate and proximate analyses in accordance with the 

relevant standards. The calorific value of the feedstock was determined using an IKA C5000 calorimeter, following the 

LST EN 14918 standard method. Volatile matter content was determined in accordance with LST EN 15148, while 

moisture and ash contents were measured following LST EN 14774-1 and LST EN 14775, respectively. In addition, 

elemental analysis of carbon (C), hydrogen (H), nitrogen (N), and sulfur (S) was performed using a Flash 2000 CHNS 

analyzer in compliance with the LST EN 15104 standard. 

The primer investigation of thermal decomposition and thermochemical reactions between the feedstock and the 

catalyst, as well as their influence on the resulting products, were conducted at a microscale using a thermogravimetric 

analyzer (Netzsch Jupiter STA 449 F3, TGA). For each experiment, 15–20 mg of sample was used, with feedstock–

catalyst mixtures prepared at a mass ratio of 1:1. The samples were placed in Al₂O₃ crucibles and heated in the furnace 

from 40 °C to 900 °C at a constant heating rate of 30 °C/min under a nitrogen atmosphere with a flow rate of 60 ml/min. 

To analyze the evolved gaseous products, the thermogravimetric analyzer was coupled with a Fourier transform infrared 

spectrometer (TGA-FTIR, Bruker Tensor 27, Germany). Prior to analysis, the spectral range was set from 4500 to 650 

cm⁻¹ with a resolution of 4 cm⁻¹. During the experiments, volatile products generated during pyrolysis were transferred 

from the TGA furnace to a heated FTIR gas cell at the temperature corresponding to the maximum gas evolution rate. 

Furthermore, gas chromatography–mass spectrometry (GC/MS) was employed for more detailed chemical 

characterization of the evolved gaseous products. 

To assess the conversion efficiency of the catalytic process and the composition of the resulting gaseous and liquid 

products, pyrolysis experiments were carried out using a laboratory-scale pyrolysis system. Based on literature data and 

preliminary characterization of the feedstock and catalyst, the experimental conditions were selected to cover temperature 

ranges associated with optimal yields of target products. The experiments were conducted at higher decomposition 

temperatures (at least 500 °C, based on TGA), to ensure complete decomposition of the selected material. For each 

experiment, 100 g of feedstock was processed using a 1:1 mass ratio of fishing nets to catalyst, selected to achieve optimal 

product composition. An inert atmosphere was maintained throughout the tests by continuously supplying nitrogen at a 

flow rate of 1.5 L/min. 

The collected gaseous and liquid products were analyzed by gas chromatography. Gas composition was determined 

using an Agilent 7890A gas chromatograph equipped with a thermal conductivity detector (TCD), while liquid products 

were analyzed using a GC–MS system. Gaseous samples were collected in “Tedlar“ bags for subsequent analysis and 

comparison with continuous measurements. The liquid fraction was condensed directly from the reactor into isopropanol 

filled flasks and analyzed after purification. 

Results and discussion  

Thermogravimetric analysis at micro scale  
 Fundamental thermal characterization of the selected feedstock was carried out using TGA–DTG analysis (Figure 

2). Based on the obtained results, fishing nets exhibit multiple decomposition stages, beginning at approximately 200 °C, 

where a minor mass loss of about 5% is observed. This initial stage is likely associated with the evaporation of residual 

moisture from seawater and the removal of impurities. It may also partially correspond to the early degradation of 

polymeric chains of polypropylene (PP) and polyethylene (PE), which are often present as minor components alongside 

the primary constituent of fishing nets - nylon-6. A major decomposition stage occurs at around 470 °C, corresponding 



 

 
to the breakdown and condensation of amide polymer chains in nylon-6. This process leads to the formation of pyrolysis 

products, including liquid fractions (primarily aromatic hydrocarbons), gaseous products such as H₂ and CH₄, and solid 

char residues. According to existing literature, the addition of catalysts can significantly enhance the thermal resistance 

of the feedstock and increase the yield of β-caprolactam. Therefore, in this study, a newly developed biochar-based 

catalyst with a tunable porous structure will be applied. This structure facilitates improved diffusion of large molecules 

and mitigates catalyst deactivation due to coke formation, a common limitation of conventional catalysts such as zeolites 

[4]. Furthermore, the catalyst surface can be readily modified through chemical activation or metal/acid functionalization, 

allowing biochar to be tailored for specific reactions, including depolymerization, hydrogenation, and cracking [5]. 

 

 
Figure. 2 Thermogravimetric analysis of fishing nets 

 

Liquid and gaseous products analysis  

The analysis of gaseous and liquid products was performed using an Agilent 7890A gas chromatograph equipped 

with a thermal conductivity detector (TCD) for gaseous product analysis, and a mass spectrometry (MS) detector for 

liquid product analysis. Based on the obtained results for the fishing net feedstock, the main gaseous products evolved 

during the pyrolysis process were CH₄, H₂, CO₂, and CO. Analysis of the liquid fraction revealed the presence of 

polycyclic aromatic compounds. The application of the newly developed catalyst demonstrated promising trends in 

product formation, particularly by increasing the yield of lighter aromatic compounds. Based on the experimental results, 

it can be concluded that the obtained products have significant potential for conversion into valuable energy carriers and 

chemical feedstocks. 

Conclusions   

This study investigated the catalytic pyrolysis of discarded fishing nets using a newly developed biochar-based 

catalyst over a temperature range of 500–900 °C. Preliminary characterization of the feedstock was conducted via TGA–

DTG analysis, revealing a dominant decomposition peak at approximately 470 °C and an 90 wt.% mass loss 

corresponding to the thermal degradation of the primary polymer, nylon-6. The application of the biochar-based catalyst 

demonstrated enhanced selectivity towards value-added products, particularly facilitating the recovery of caprolactam. 

This approach not only enables efficient extraction of high-value chemical products but also provides a route for their 

potential reuse in nylon-6 synthesis. Overall, the findings highlight the feasibility of converting waste fishing nets into 

chemically and energetically valuable products, demonstrating the material’s potential within circular economy 

frameworks and catalytic valorization strategies. 
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