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Abstract

Brick is a traditional building material with ancient origins, but that can respond to the important
challenges to which industrial research is currently facing, i.e. the energy savings, the lowering of
costs production and the quality improvement of the finished product. The growing demand for a
sustainable production addressed research to obtain new materials in respect of the environment
preservation and the community welfare.



A possible way for achieving these goals and for satisfying of these different aspects is the
optimization of new mix design, re-using waste, produced from industrial, urban and excavation
activities.

The consolidation of a sustainable production is twofold because it determines the reduction of new
geo-resources exploitation, as well as solves the problem of waste accumulation and management,
reassessing this residual material as a secondary source of interest, which allow to produce new
environmental-friendly materials.

Although since the last decades many studies have been carried out addressed to the production of
bricks reusing waste as alternative resource, demonstrating also a wide applicability, their
implementation in the industrial sector is still very limited, due i) to the low partnership between
academic research and the real needs of industry; ii) the lack of specific standards for the evaluation
of processes and finished products; and iii) the limited public education on the possible sustainable
frontiers. Another important aspect which should be considered in the production of new materials
is the maintenance of the aesthetic qualities of the traditional material. Bricks, in fact, being
building materials, have to respect parameters of "cultural compatibility"”, understood as recognition
of the territorial identity of a community.

This work aims to fill the gap of between academic research and industrial development, through
the close collaboration between university and industry (SanMarco-Terreal, Italy) and the
achievement of common objectives.

New mix designs have been developed according to the objectives of Horizon 2020,
(https://ec.europa.eu/programmes/horizon2020/), particularly in terms of sustainable use of natural
resources, optimization of firing conditions, recycling and gas emission control, in order to satisfy
the goals related to the scientific excellence, the societal challenges and the industry leadership.
Therefore, the study focused on:

1) the relationship between chemico-mineralogical characteristics and mechanical properties and
durability in different stress conditions of bricks already on the market, obtained by different clays
and fired at different temperatures;

2) the analysis of the porous system of commercial bricks with the main aim of obtaining a
complete and reliable knowledge to define a protocol for the quantification and parameterization of
morphological characteristics of pores through a combined use of traditional methods and
techniques based on image processing;

3) the study of new mix design obtained by the addition of wastes from the extraction of stone
materials and industry scrub for the production of new bricks based on the concepts of recycling
and sustainable use of natural resources. The type of waste specifically adopted were: i) trachyte
fragments from quarry activity (Euganean Hills, ltaly); ii) a sludge resulting from the ceramic
industry.

The study of the commercial bricks showed that the chemico-mineralogical and physico-mechanical
properties, the porosity and the durability of the finished products are highly dependent on the raw
material composition and the firing temperatures reached during the production process. The results
obtained by the experimental mixes analysis demonstrate the real possibility to achieve new bricks
reusing waste, maintaining the physical, mechanical and aesthetic features of the traditional
materials and improving the quality of the finished product. It was observed as the presence of
alkali feldspar in trachyte, which act as fluxing agents promoting the connection between the
minerals, and the compactness, as well as the pores evolution. The use of trachyte, indeed, allowed



to obtain bricks at lower firing temperature, with a saving of energy and costs, and limiting the
exploitation of new geo-resources.

Even the use of the ceramic sludge allowed us to reach satisfactory results, suggesting that this
experimental brick type can be a valid substitute of commercial bricks for its physical-mechanical
properties and for its aesthetic qualities, but resulted to be particularly vulnerable to freeze-thaw
cycles. This suggests that caution should be taken when using in cold climates.

This PhD thesis is an important starting point to address the improvement of the traditional bricks in
a sustainable way and the assessment for experimental mixes recycling waste in quality and
durability, towards a brick industry renovation.

The comprehension of the intrinsic relationship between mineralogical composition, textural
features, microstructure and physical properties resulted to be at the base of a conscious
understanding of bricks, also in terms of developing of new mix-design.
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