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Abstract. The most recent studies in the field of heterogenous catalysis are directed towards the
diffrent anchoring supports for immobilising commonly employed photocatalysts for the
degradation of emergent organic compounds from wastewater. The technique of immobilisation of
the catalytic semiconductors helps to avoid one of the main technical issue which concerns the
post- recovery process of the classical particles in suspension after the water treatment. In the
context of the transition towards a circular economy and sustainable development, this paper
presents the results regarding a novel catalyst immobilized on fix support starting from some
general waste and its photo catalytically functionalization through deposition of various
concentrations of zinc oxide on its surface. The morphological and structural characterization of the
synthetized oxide spongy materials was performed. This new oxide material presents a great
potential as a low-cost, environmental friendly and sustainable water treatment technology.

1. Introduction

In the present work a special attention has been paid to the anchoring support materials obtained from
different type of wastes due to the convergence to the principles of a circular economy but also from
environmental considerations in terms of the sustainable development.

At national and international level, previous studies presents as support materials for the
immobilization of photocatalytic oxides various types of substrates like glass [1-4], carbon-based support
materials such as carbon nanotubes (CNTs), graphene’s (rGOs) [5-10], zeolites, clay and ceramics [11-
12], polymers [13-17] etc. This work is addressing to the support materials obtained from wastes that
through their minimal processing can be reused in various type of new support materials with
environmental applications. The immobilised catalysts on fix supports are interesting in the context of
heterogeneous photo catalysis in terms of the reusability of the catalysts and high-durability in time as
well as there are no need to do the unnecessary step associated with the post-treatment recovery of the
particles in suspension from aqueous solutions.

Wastes could represent a valuable resource which can be reused as a raw material; in this paper we
focused on waste valorisation using glass from Waste Electrical and Electronic Equipment (WEEE)
industry into an anchoring support material for zinc oxide deposition.
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Glass, in various forms, is part of our daily lives, resulting in a high percentage of recyclable glass
mass. Globally, between 80% and 85% of the glass industry goes to the food industry (containers),
pharmaceuticals, building construction, automotive manufacturing or to the Electrical and Electronic
Equipment (EEA) industry. Glass can come from different wastes streams, for example, glass from solar
panels, TFT-LCD glass, glass from fluorescent lamps, glass from gas- discharge lamps, etc. E-waste like
Waste from Electrical Equipment and Electronics (WEEE) is one of the priority management flows of EU
policy, with an estimated increase of 3- 5 %/year to be managed in accordance with the provisions of EU
Directive 2002/96/EC.

Fluorescent lamps belong to this category of e-waste, and the annual world production is expected to
be of the order of 1.5 billion units. According to EU policies, this is an hazardous waste that must be
collected and sent to recycling facilities, where it is treated and sorted in several streams. In the present
work, the emphasis was on the recovery of this type of e-waste from fluorescent lamps, given that the
glass from fluorescent lamps corresponds to 95 % of the total weight of fluorescent lamps at the end of
their life cycle, so their potential to be recycled into new glass-based products is high [18].

This new spongy material with photocatalytic properties could find out its applications in
environmental protection on heterogeneous photocatalytic degradation of some emergent pollutants from
wastewater treatment using Advanced Oxidation Processes (AOP).

2. Experimental

2.1. Materials and methods

The resulted catalytic material is based on glass Waste from Electrical and Electronic Equipment (WEEA)
(94 %), agricultural fertilizer Epsom salt (MgSO,) as binder and eggshells (foaming agent) and it was
covered with a layer of zinc oxide through dipping and autoclaving method, which gives it the
photocatalytic properties. The synthesized glassy material with photocatalytic properties and the process
of obtaining it were developed based on 2 principles converging towards good practices in the field of
environmental protection: the process does not generate secondary components and involves the recovery
of wastes (glass from WEEE) into a spongy material thus helping to reduce the impact on the environment
generated by the volume of waste stored improperly.

The resulted catalytic material was mineralogical analysed using an X-ray diffractometer- XRD,
Bruker D8 Advance, equipped with a 1D Lynxeye detector measuring 3° simultaneously on 192 channels.
The XRD diffractrograms was registered using a Copper anode (Cu Kal + 2A= 1.418 A) with 0.02° steps
between 10 and 60°, measurement time equivalent to 288s per step, Low-background sample holder in
monocrystalline silicon for spongy composite material samples.

Most interesting obtained samples of the support material coated with ZnO (SpongeMat/ZnQO) were
studied to investigate the microstructural development with back scattered electron imaging (BSE) mode
in a scanning electron microscope (model FLEXSEM 1000). In order to reduce electrical charging of non-
conducting specimens which could be induced by the incident electron beam, all sample surfaces were
sputter coated with chromium.

3. Results and Discussions

3.1. Morphological characterization of the spongy catalytic material by scanning electron microscopy
The microstructure of the synthetized material consists in a spongy- like architecture and could be
observed in figure 1 a) and b) (with the red arrows). The amount of exhaust gases (CO, and N ) caused
by the calcination of the eggshell and creation of high temperature (750°C) during the autoclaving process
led to the formation of porous structure. Because of the irregular distribution of the eggshell powder in
different regions of the material, the inhomogeneous distribution of pores in size and shape occurred. The
particles mean diameter is between 18.6 — 33.7 um and it has been shown in the micro- images of the
figure 1, c).
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Figure 1. Scanning electron microscopy images of the SpongeMat/ZnO spongy structure
a) bottom view and b) top view of the sample coated with 17.5 % ZnO
and c) sample porosity size, top view 1 % ZnO.

The presented SEM images confirm a fairly homogeneous distribution of components in the
microstructure of the synthesized material. The phases were differentiated by SEM analysis, using the
BSE detector that captures the retro-scattered electrons in the analyzed sample, so that the specific phase
of the glass is highlighted by the light gray color. Homogeneity is particularly important for the
stabilization of ZnO oxide films that have been deposited on the surface of the support material and also
the spongy structure of the synthesized material is also an important aspect as it allows the thin ZnO film
to adhere better to the sample surface and makes the material interesting for heterogeneous photocatalytic
degradation applications.

3.2. XRD pattern of the Sponges material covered with zinc oxide

In figure 2 is presented the XRD pattern of the synthesized SpongeMat/ZnO, we saw that the broad band is
between 20" and 40° which is typical of an amorphous material and it is normal because of the presence of
more than 90 % of the fluorescent lamp residue in the composition of the synthetized spongiest support
material. We also observe some peaks at 29"and 39°, which could be associated with the eggshell patterns,
also present in the composition of the support material in a small amount a peak corresponding to 36.5"
due to ZnO covering of the support material.
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Figure 2. Room temperature X- ray diffraction pattern for the synthetized spongy material.

4. Conclusions

The immobilised catalysts on support materials have been researched by many researchers in the past
years because of the advantages presented by this type of catalysts, representing a step forward in the field
of heterogenecous photo catalysis allowing avoidance of the post-treatment recovery of the particles in
suspension issue as well due to the material capacity of reusing. The proposed material, it was synthesised
from glass from Electrical and Electronic Equipment Waste (WEEE) combined with some foaming and
binder agents and covered with an oxide semiconductor which gives it the photocatalytic properties, this
material comes to solve the above mentioned issues and in the same time to contribute to the circular
economy through the integration of a waste into a useful product for a sustainable development. The
surface SEM micrographs of the analysed samples confirmed a fairly homogeneous distribution of the
components in the microstructure of the synthesized material, which is an important factor, as
homogeneity is particularly important for stabilizing of the semiconductor oxide films on the surface of
the anchoring material. The preliminary results are promising and make this material interesting for
heterogeneous photocatalytic degradation of some organic compounds from wastewater.
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