1 dae 3

A

Fagina Frogramme - puregional Conierence Sustamable Building | 1 owards O-impact build...

ZUYD @@ B UNIVI

£
g
&5
“
&
4

Contease Bua:

@

clhio

instruy

BUMODAY, 10 QUTD

14

BOMNDA

£
@
i
i

&

Y

the cor

i

16-05-2011

/Iwww.sb10.nl/programme

http



ragina rrogramme - furegional Lonierence susiainabice buiiding | i owards U-impact butld...

~&

http://www.sb10.nl/programme

a new solution

Zde

Hegieraad

m, | Federal Minis
2 § of Transport, |
and Urban De

Open Universite
WP

Agentschap NL
Ministerie van Feor

Gemeente M.

16-05-2011



Rehabilitation mortars for zero-impact buildings

S. Lucas!, V. M. Ferreira’, J. L. Barroso de Aguiar?

Dep. Eng® CivillCICECO, Universidade de Aveiro, Aveiro, Portugal
2Dep. Eng?® Civil, Universidade do Minho, Guimaraes, Portugal

Abstract

The selection of construction materials represents a key step in any zero-impact building project. These
materials account for several environmental impacts during their life cycle, and a significant part results from
operational energy consumption. The need for new solutions, which improve the environmental performance
without compromising the buildings interior comfort, has emerged. In recent years, new materials with innovative
features have been developed. The rehabilitation market is an emerging sector and it is necessary to develop
new materials suitable for this specific application but with higher performance. The application of sustainability
principles in buildings rehabilitation improves conventional buildings, reducing their environmental impact. In this
work, a mortar with latent heat storage capacity and proper for buildings renovation has been developed. The
latent heat is stored in the finishing mortars and released later, reducing the operating time of building heating or

cooling systems and helping to achieve the zero impact goal.



1. Intfroduction

The decision to demolish or recover old buildings in the cities historic centre is a frequently debated issue in the
construction sector. In recent years, the most recurrent decision is to demolish, an option that allow to increase
the urban density and build according to modern design standards. However, to raise new buildings implies
higher materials consumption when compared to rehabilitation, where a large part of the structure and materials
can be recovered. Recuperate old buildings minimizes new materials consumption and reduces the construction
embodied energy. Demolition generates a wide amount of waste that needs to be transported, managed and
treated properly, implying environmental and financial costs” % Besides the economical and environmental
consequences, it is important to consider the social benefits of building heritage rehabilitation. Old buildings
restoration contributes to the nation cultural and historic preservation, stimulating the local economy. The
construction industry consumes directly and indirectly a high amount of energy, that result from the materials
embodied energy and the operational energy during building life cycle. The zero-impact goal can only be
achieved with a zero-energy life cycle for both new and old buildings. Therefore, it is necessary that the
rehabilitation process contribute to increase old buildings energy efficiency. A careful selection of building
materials is a key step to achieve the zero-energy objectivea’ *. In rehabilitation projects materials have to be
compatible with the pre-existing products and structure, which limit considerably the available options. Since the
rehabilitation market is gaining increasing interest, there is a demand for new materials able to improve
refurbished buildings performance.

Many research efforts have been conducted in the past decades to increase energy efficiency in buildings, and
the outcome was a number of technologies and solutions. Among them, the thermal energy storage (TES) is
recognized as one of the most effective approaches for energy demand reduction in construction. There are
three different approaches to successfully store thermal energy: sensible heat, latent heat and chemical heat
storage. TES allows temperature to be temporarily stored for later use™®.

Several studies have been conducted to develop construction materials with latent heat storage potencial”™®.
PCM can be incorporated in mortars to provide them with energy saving capabilities. The PCM suitable for
mortars incorporation is an organic type, consisting of a mixture of paraffin waxes encapsulated in a polymer.
This organic PCM exhibits physical and chemical properties that allow it to store and release heat, contributing
to maintain the indoor temperature in the comfort zone, reducing the building energy loads'® ",

Use of latent heat storage can be a practical and efficient mean of storing heat. Phase Change Materials (PCM)
offer good density storage that results from the high latent heat of fusion at a constant temperature, known as
phase transition temperature. When the temperature raise above the PCM phase transition an endothermic
reaction occurs, the PCM turns from solid to liquid and the heat is stored. A temperature decrease causes the
inverse change turning the liquid PCM fo solid, an exothermic reaction, causing the heat to be released’ %,

This research work discusses the direct incorporation of a Phase Change Material in an aerial lime mortar. Aerial
lime is the most suitable binder for many historic buildings repair mortars, exhibiting a good compatibility, high
workability, good mechanical strength and water vapour permeability . The thermal properties of a reference

mix and several compositions containing different amounts of PCM were assessed. Some hardened state
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properties, such as mechanical strength, porosity and pore size distribution were also evaluated. This study aims
to show that it is viable to prepare rehabilitation mortars able of latent heat storage that, combined with other
passive design strategies, can reduce energy demand in zero-impact buildings ™.

The incerporation in construction materials and components can be done through direct incorporation,
immersion or encapsulation. Phase Change Materials can be incorporated in passive building systems such as
building blocks, walls, roofs, floors and ceilings. Alternatively, the PCM can be included in active heating and

cooling systems 20 Some research studies have been conducted on PCM incorporation in concrete mortars

and gypsum plaster; however, there are no studies with this kind of rehabilitation mortars'"#"?2,

2. Experimental

The PCM selected for this work consists of polymethylmethacrylate (PMMA) microcapsules containing a mixture
of paraffin waxes with a particle size distribution between 1.1 to 10.5 pum and average size of 6.2 ym. The
transition phase temperature is 23 ° C and the specific heat 110 kd/kg. Figure 1 represents a differential
scanning calorimetry performed to the PCM The PCM exhibits a transition temperature of 25 °C in the heating

cycle and 21 °C in the cooling cycle showing suitability for this specific application.
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Figure 1 - Differential scanning calorimetry for the selected PCM

The mortars were prepared with a commercially available aerial lime, with a particle size distribution between 0.2
to 8.6 pym (particle average size 4.2 ym). The sand used as aggregate, has a particle size between 240 to 675
pm and a particle average size of 440 um. The base mortar formulation has a 1:2 volume ratio of lime binder and
sand. Different amounts of PCM (10, 20 and 30 wt.%.) were added to the reference mortar. The water content

was set in order to guarantee the proper workability, measured by the flow table test.



The mechanical tests were performed after a 90 days curing period in a storage chamber at 20°C+2°C
temperature and relative humidity of 65%+5%. For the mechanical strength tests, 3 samples were made for each

composition, with 40x40x 160 mm, according to the European Standard EN 1015-11.

3. Results and Discussion

3.1, Fresh and Hardened state properties

The water amount in these mortars varied between 24 and 33%, increasing with the PCM content. This was set
according to the flow table test, maintaining the mortar spread diameter around 140 mm.

The addition of PCM to the mortars influences the mechanical strength as a result from changes in the internal
pore size distribution. Figure 2 exhibits the mechanical strength evolution for the mortars compositions tested.
The flexural and compression strength increases significantly with the addition of PCM. The spherical shape of

the microcapsules and its average grain size contributes to better particle packing.
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Figure 2 - Mechanical strength for the formulations tested

Compression Strength (MPa)

This effect is validated by the results obtained with the mercury porosimetry tests of mortar samples. The
reference composition and the formulation with 30 wt.% of PCM were analysed (Fig. 3).

The total porosity for the reference mortar is around 30% with a medium pore size of 8.5 pm and the mortar
incorporating 30 wi% PCM presents a porosity value around 33% with a 1.6 um medium pore size. The effect of
PCM incorporation reduces the larger and smaller size pores and although the slightly higher porosity, the

average pore size is smaller, leading to a higher mechanical strength.



In Figure 4, microstructure analysis by scanning electron microscopy (SEM) of a mortar sample with 30 wt.%

PCM allows to observe several microcapsules showing no evidence of capsule destruction or leakage.
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Figure 3 ~ Pore size distribution for the reference and 30 wt.% of PCM mortar

Figure 4 - Microstructure of a 30 wt.% PCM mortar sample (SEM)

3.2. Thermal performance of PCM mortars

To assess the impact of the PCM incorporation in the material a simulation test was performed in a climatic
chamber'. A set of test cells, built with an insulating material was placed inside the chamber. The internal faces
were covered with a mortar layer of approximately 100x100x3 mm (width x length x thickness). Each cell was
setup with inside thermocouples connected to a data acquisition system, consisting of a data-logger with a
multiplexer board connected to a computer that, using specific software, is able to record continuously all the

temperature data (Fig. 5).



Different test boxes with mortars containing up to 30 wt.% of PCM and the reference mortar (no PCM) were

subjected to heating and cooling cycles between 10°C and 40°C. These cycles intend to simulate the effect of
night and day temperature variations.
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Figure 6 — Mortars thermal feedback to the test cycle

Figure 6 demonstrates that the presence of the PCM has a clear impact on the internal temperature of the cell. it
is perceptible that the temperature increases less in the cell with 30 wt.% of PCM when the outside temperature
rises to 40°C and, on the other hand, the temperature reduction is smaller when the outside temperature falls to

10°C. Moreover, the heating and cooling rate compared to the reference box is slower as the PCM amount
increases leading to smaller temperature fluctuations.



4. Conclusions

The presence of PCM in rehabilitation aerial lime based mortars increase the mechanical strength and reduces
the higher size pores in the hardened state, resulting in a better product performance and durability. Unlike

cement and gypsum mortars, that exhibit a considerable loss in mechanical strength, these mortars reveal a
performance improvement " 2" 2 The microencapsulation has proven to be an efficient mean for PCM
incorporation in mortars, since the capsules maintain their integrity even after the preparation and hardening
process, thus contributing to the high thermal efficacy. The effect of the PCM amount on the thermal behaviour
demonstrates that adding up to 30 wt.% results in a decrease of the heating and cooling rate on the samples
tested.

The application of these mortars minimizes HVAC equipments operation time, reducing the energy demand in

old buildings. The potential benefit of the Phase Change Materials (PCM) incorporation in aerial lime mortars,

when combined with other energy saving strategies, is demonstrated.
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