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Production of plastics reached 360 million tonnes in 2018, the EU production corresponding to 62 million 
tonnes (i.e. 17%), from which only 9.2 million tonnes were collected for recycling. Low- and high-density 
polyethylene (PE) and polypropylene (PP), commonly used for packaging purposes, represent 40% of EU 
production [1]. In 2018, landfilling of plastic solid waste still represented 18.5% of the collected material [1], 
so there is still a great fraction of plastic waste being sent to landfill, representing a strong concern, as this plastic 
waste does not easily decompose. On the other hand, plastic polymers are mostly composed by carbon, as both 
PE and PP have a carbon content of 85.6% [2]. In this context, those plastics containing PE or PP represent a 
good source to produce carbon-based materials. In this work, low-density PE was used as precursor for the 
synthesis of carbon nanofibers (CNFs) by Chemical Vapour Deposition (CVD) (800 °C, 1 h, under N2 flow), 
with the aim to evaluate the influence of different CVD catalysts based on Fe, Ni and Al, synthesized using 
coprecipitation or wet impregnation methods, on the valorisation of PE-containing plastic waste. Fig 1 displays 
the scanning electron micrographs (SEM) of the carbonaceous materials obtained using two different catalysts. 
As can be observed, filamentous carbons were obtained in both cases, attributed to the growth of CNFs. The 
CNFs were obtained with similar yields of carbonaceous material (37.6% with Ni+Fe@Al2O3-coprecipitation 
and 36.2% with Ni+Fe@Al2O3-wet impregnation). Catalyst Ni+Fe@Al2O3-coprecipitation (Fig 1(a)) led to the 
formation of entangled CNFs, with high density and diameters in the range 12 – 28 nm, with the catalysts metals 
visible at the tip of the fiber (brighter spots on the SEM image). On the other hand, the catalyst Ni+Fe@Al2O3-
wet impregnation (Fig 1(b)) resulted in the growth of CNFs with higher apparent diameters, which indicates 
that the catalyst obtained via coprecipitation is more suitable for growing carbon nanostructures. 
 

Fig 1. CNFs grown over (a) Ni+Fe@Al2O3-coprecipitation and (b) Ni+Fe@Al2O3-wet impregnation catalysts. 

Key words: plastic waste; carbon nanofibers; chemical vapour deposition; valorisation; polyethylene. 
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Zeolites are porous materials known for their use in adsorption and catalysis [1]. Their structural variety 
makes them prime candidates when searching for new heterogeneous catalysts, tailored for specific processes. 
To obtain such zeolites, post-synthetic treatment is often used, serving as a modification which leads to a 
function-specific material. One such technique is dealumination, where Si/Al ratio is increased by partly 
removing Al3+ ions from the material [2]. This potentially leads to stronger catalytic sites within the pores. 

We chose commercial microporous zeolite 4A and its partially Ca2+ exchanged form, 5A, as a base material. 
Since their framework structure is of LTA topology, the dealumination process had to be performed under 
mild reaction conditions, otherwise we risk causing significant damage to the material. We achieved this with 
the use of ethylenediaminetetraacetic acid (EDTA), a nontoxic, cheap and widely used mild reagent. The 
effects of EDTA induced modifications on mentioned zeolites were then studied by various techniques. Here 
we report the results of an NMR (nuclear magnetic resonance) study of zeolites 4A and 5A and their EDTA 
modified analogs. We employed the NMR spectroscopy of 1H, 27Al and 29Si nuclei with the purpose of 
extracting details about structural changes, which occurred due to EDTA treatment. Modified zeolites are less 
ordered, contain less aluminium and part of remaining Al3+ ions are in the form of extra-framework species. 
The changes indicate the possibility of enhancing materials catalytic activity by EDTA modifications. 

 
Figure 1: 1H-29Si NMR spectra of Z4A (left) and EDTA modified Z5A (right) samples. 

Key words: Zeolite A; nuclear magnetic resonance; EDTA treatment; microporous materials; catalytic sites. 

References 

[1] J. Weitkamp, (2000), Zeolites and catalysis, Solid State Ionics, 131, 175-188. 
[2] H. K. Beyer, (2002), Post-Synthesis Modification I, Springer Berlin Heidelberg, 3, 203-255. 




