-

P
brought to you by .. CORE

View metadata, citation and similar papers at core.ac.uk

provided by Repositério Aberto da Universidade do Porto

Ribeiro et al., Int J Waste Resour 2016, 6:3
DOI: 10.4172/2252-5211.1000250

International Journal
wa ) of Waste Resources

Short Communication Open Access

On the Recyclability of Glass Fiber Reinforced Thermoset Polymeric

Composites towards the Sustainability of Polymers’ Industry

MCS Ribeiro'?, ML Dinis?*', ACM Castro®*, A Fiuza%?, AJM Ferreira?, JP Meixedo** and MR Alvim*

TInstitute of Science and Innovation in Mechanical and Industrial Engineering (INEGI), Rua Dr. Roberto Frias, Portugal
2Faculty of Engineering of University of Porto, Rua Dr. Roberto Frias, Portugal

SCERENA-Polo FEUP, Center for Natural Resources and the Environnent, Portugal

“School of Engineering of Polytechnic of Porto (ISEP), Rua Dr. Bernardino de Almeida, Portugal

Abstract

Considering the added value of recycling solution assessed by an evaluation of flexural and compressive loading
capacity of PC specimens modified with mechanically recycled GFRP wastes, as well as the inherent environmental
and economic benefits, the incorporation of GFRP recyclates into PC materials has been revealed as a viable
technological option for the sustainability of the GFRP polymers’ industry. Nevertheless, the recyclability of composite
materials is complex and is sometimes seen as a key barrier to the adoption of these materials in some markets.
One of the few successful applications, was developed by Reprocover, in Belgium, and it has been commercialized
since 2011. In addition, the recently investigation line that was started and concerning the GFRP recyclates into PC
materials also called the attention of Global Fiberglass SolutionsTM group. Even so, and although all the efforts that
had been done on developing cost-effective recycling routes, GFRP wastes still remain mired by the scarceness
of reliable outlet markets for the recyclates and clearly developed recycling paths between waste producers and
potential consumers for the recyclates. However, it is foreseen that this scenario will change in the next few years
as strong investments are being made in this field. The innovation in this field has just started, providing as this way

a source of new opportunities.
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Short Communication

The production of glass fiber reinforced polymers (GFRP) has
increased tremendously during the last decades. Their properties
of lightness and high resistance, associated to a high resistance to
corrosion, allow the application of these materials in a wide range of
industries where significant problems of corrosion may occur, such as
in the field of chemical industry. The attractiveness of these materials
is also enhanced due to their high resistance/cost ratio and ability for
application as structural elements in civil construction, transportation
and automobile sectors [1].

Currently, most of the GFRP wastes are landfilled leading to
significant negative environmental impacts. Thus, although the
increasing use of thermoset composite materials, the recycling
process of their by-products and end-of-lifecycle products comprises
an important topic to consider. To reinforce this idea, one must take
into consideration the fact that the European Commission directives
are becoming more and more restrictive in this matter and the
environmental issues posed by materials disposed in landfills is leading
to an urgent reach of more industrial scale solutions to the recycling of
composites [2]. In addition, with the new European Union's approach
to waste management based on the "waste hierarchy", disposal (which
includes landfilling and incineration without energy recovery) is
the least preferred option while innovation in recycling is strongly
encouraged [3].

The recyclability of thermoset composite materials is complex and
is sometimes seen as a key barrier to the adoption of these materials
in some markets. Typically, thermoset GFRP based products are
considered demanding to recycle due to both cross-linked nature of
thermoset resins, which cannot be remolded, and complex composition
of the composite itself, which includes glass fibers, organic matrix and
different types of inorganic fillers [4].

In the last decade, some recycling techniques have been proposed
for GFRP waste materials: (a) incineration and co-incineration,
with partial energy and raw materials recovery; (b) thermal and/or
chemical recycling, such as solvolysis, pyrolysis and similar thermal
decomposition processes, with fiber recovering; and (c) mechanical
recycling or size reduction (with reduction to fibrous and/or powdered
products) by grinding and milling processes. Thermal and/or chemical
processes allow the recovery of fibers, but not always the recovery of
valuable products from the resin (i.e. monomers that could be reused
to produce resins). Additionally, the original resistance and length of
recovering fibers is hardly achieved with these recycling processes.
Mechanical recycling has important advantages over the previous ones:
there is no atmospheric pollution by gas emission, a much simpler
equipment is required as compared with ovens necessary for thermal
recycling processes, and does not require the use of chemical solvents
with subsequent environmental impacts [5].

The pressure on the development of new and economically viable
markets for the recyclates, towards materials sustainability, have
led over the last 20 years a relative great amount of research work
on potential added value applications for GFRP waste recyclates.
Mechanically, GFRP waste recycling is considered the most promising
technique considering the feasibility of end-use applications. The most
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extensive research work has been carried out on Portland cement
concrete, in which grinded GFRP waste scrap has been incorporated
either as reinforcement, aggregate or filler replacement [6]. These end-
use applications bring however, depending upon glass fiber nature,
some incompatibility problems arisen from alkalis silica reaction
(ASR). This drawback, brought by cementious binder matrix, could
be avoided using as host material a cementless concrete like polymer
based concrete (PC) materials. PC materials are high performance
resin based concretes, in which a polymer acts as binder matrix for
the mineral aggregates. High strength to weight ratio, improved
resistance to chemical and frost attack, very fast curing and excellent
bond to several substrates, are the main advantages of these materials
over cement based concretes [7]. Moreover, due to hermetic nature of
resin matrix, polymer concrete and mortar composites present a great
ability for incorporating recycled waste materials either industrial
by-products or end-life products. Recycling and waste encapsulation
constitutes nowadays the new and emerging branch market for PCs.
Regardless of the relative large amount of research work undertaken
on the incorporation of recycled wastes in polymer based concretes,
until now, few studies have focused on the incorporation of GFRP
recyclates into PCs [5,8-12]. The outputs of these few research works
have highlighted the added value of this recycling solution, revealing
that the incorporation of mechanically recycled GFRP wastes into PC
materials is a viable technological option for the sustainability of the
GFRP composite materials’ industry [5,8-12].

Although the recycling of GFRP composite materials is moving
towards on the right direction focusing on the sustainability of
polymers’ industry, there are many challenges that still have to be taken-
up to develop a real consuming market. The intended perspectives for
final applications of concrete and/or composite materials modified with
GFRP recyclates include, among others, moulding compounds, precast
slabs, paving blocks, railroad sleepers, wall panels, manhole covers,
valve chambers, cement floor screeds, valley gutters, roofing sheet and
flat sheets for signage; however, only few of these products came out of
the investigation field and had an industrialized expression. One of the
few successful applications (manhole covers, utility boxes and urban
furniture made of thermoset and glass fibre flakes wastes aggregated
in a resin under high pressure cold moulding), was developed by
Reprocover, in Belgium, and it has been commercialized since 2011
[13]. Nevertheless, apart from some in-house recycling (such as
the above example), attempts to commercialize these products as a
recycling route for GFRP wastes have failed.

Regarding GFRP recyclates into PC materials, recently, this
investigation line that was started by Ribeiro et al. [12], also called
the attention of Global Fiberglass SolutionsTM group. Over the last
three years, this company has invested significant efforts on research
and product development, and expect to commercialize final precast
products for rail and roadways infrastructures under the trademark
of ‘Ecopolycrete’ [13]. Even so, and although all the efforts that
had been done on developing cost-effective recycling routes, GFRP
wastes still remain mired by the scarceness of reliable outlet markets
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for the recyclates and clearly developed recycling paths (logistics,
infrastructures and recycling facilities) between waste producers and
potential consumers for the recyclates. However, it is foreseen that this
scenario will change in the next few years as strong investments are
being made in this field. The innovation in this field has just started,
providing as this way a source of new opportunities.
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