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Abstract 
Air lime coating mortars with mussel shells exhibit useful hygrothermal properties related to 
humidity and temperature regulation. Introducing mussel shell sand produces a significant 
increase in pore volume, changing mortar’s microstructure and reducing density. This is attributed 
to the flaky and irregular shape of the shell particles that present also traces of organic matter. In 
this work, the natural aggregate is replaced by mussel shell sand in increasing percentages of 
25%, 50% and 75%. Additionally, a mortar with 0% of sand replacement is used as baseline of 
reference. These mortars are tested focusing in two main parameters, in first term, thermal 
conductivity. And also absorption and desorption cycles, at 80 and 50% relative humidity. The 
results are very positive for mussel shells specimens, it can be concluded that the use of mussel 
shell aggregates can improve the hygrothermal properties of air lime coating mortars. Another 
interesting result is a subjective property such as the aesthetic quality of the finishing, the results 
is pleasing and, combined with the promising hygrothermal properties opens a good opportunity 
for mussel shell mortars. 
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1 INTRODUCTION 

The potentialities for building materials with moisture buffering capacity have renewed researches interest lately. 
Some authors discussed that these materials can improve indoor air quality in buildings, and proved that they can 
reduce heating and cooling energy consumption with the support of controlled HVAC systems (Osanyintola and 
Simonson, 2006).  

Regarding the use of mussel shell as an aggregate for coating mortars, various publications support the use of 
mussel shell sand with air lime for coating purposes. These earlier works allow to concluded that irregular, flaky 
and hydrophobic particles of the mussel shell and the organic matter content (polysaccharides) introduce entrapped 
air and entrained air in the mixes. This cause a significant increase in porosity leading to a decrease in fresh and 
hardened densities (Martínez-García et al., 2020a, 2019a, 2019b). Besides, mussel shell particles can act as a 
barrier to water creating tortuosity paths showing significant reduction in the capillary uptake of mortars (Martínez-
García et al., 2020b, 2019b). These both issues are indicators of potential improvements in hygrothermal behaviour 
of coating mortars with mussel shell aggregates.  

Different types of lightweight aggregates, recycled materials or fibres were widely used with hydraulic binders 
(mainly cement) with the purpose of improving thermal behaviour of mortars. These materials such as pozzolanic 
materials (Stefanidou Maria and Assael et al., 2010), brick dust, granular tuff or expanded clay (Frattolillo et al., 
2005), expanded cork (Carrajola et al., 2020) or pumice (Widodo et al., 2017) can introduce porosity in mortars 
leading to a reduce of thermal conductivity.  

In the case of non-hydraulic binders, authors studied that including in lime mortars different fibres such as hemp 
(Mazhoud et al., 2016), recycled textil from fabrics (Barbero-Barrera et al., 2016), flax (Rahim et al., 2015) and date 
palm fibres (Belakroum et al., 2018) can improve thermal and hygric properties. Also the addition of PCM (Pavlík 
et al., 2016) graphite waste (Barbero-Barrera et al., 2017) and calcined diatoms (Barbero-Barrera et al., 2014) was 
studied to modified lime-based plaster improving thermal properties and indoor air quality. 
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In the literature, publications that use organic matter in lime mortars have been searched, due to the relationship 
with the polysaccharides present in the shells. Despite organic matter additives were found in ancient lime mortars 
because they can improve mechanical strength, hydrophobicity and durability, and/or have an effect on carbonation 
process, there is a lack of information regarding hygrothermal properties of lime mortars with organic based 
additives. Oliveira et al. (2020) studied the effect in thermal conductivity that bioproducts have on air lime mortars. 
However, hygroscopic behaviour of lime mortars with organic additions was not studied but only by means of water 
vapour permeability. In the work of Izaguirre et al. (2009) lime mortars were modified with two different fatty acid 
salts, that could change the pore size distribution in the mortar in such a way that the smallest ones remain 
interconnected and enable vapour permeability. Pahlavan et al. (2018) reported that addition of albumen increased 
the permeability of the mortars due to open porosity increments, but addition of oil increased the impermeability of 
air lime mortars. However, the addition of linsead oil to lime mortar show better values of vapour permeability 
coefficient than reference (Nunes and Slížková, 2014). Centauro et al. (2017) stated that the increased of 
permeability showed by lime-putty with milk can be due to the protein fraction which has aerating properties. 

This paper aims to provide more information about thermal and hygroscopic properties of air lime coating mortars 
that use mussel shell as aggregate. Hydrated lime coatings with different replacement percentages of conventional 
sand by mussel shell sand are studied.  

2 MATERIALS 

The mussel shells used came from the cannery industry as a by-product named as whole mussel shell (WS). This 
by-product has undergone a heat-treatment (135 °C for 32 minutes) in a rotary trommel screen, resulted in mussel 
shell gravel and from this mussel gravel, two mussel shell sands were obtained by crushing and sieving: one coarse 
sand (CMS 0-4 mm) and one fine sand (FMS 0-1 mm). Mussel shell is mainly composed by calcium carbonate 
present in a 95% of the microstructure. Inside external layers of mussel shell, a small amount of organic matrix 
which holds the structure together is detected (Martínez-García et al., 2019b, 2017).  

In order to be used as an aggregate in coating mortars, both sands are combined (11.5% CMS and 88.5% FMS) 
and mixed to obtain a mussel shell sand (MS) with a fineness modulus of 3.71. A limestone sand was also used in 
coating mortars. It comes from crushed limestone and was separated by sieving and combined to obtain a limestone 
sand (LS) with an equivalent particle size distribution to the mussel shell sand. A complete description of these 
aggregates are shown in previous work (Martínez-García et al., 2019a). 

A hydrated air lime (EN 459-1 CL90-S) was used with 90% minimum content of calcium and magnesium oxides. 
The air lime powder was received, stored immediately and kept sealed until its use to avoid contact with atmospheric 
CO2. 

Reference mortar was modified replacing, by volume, the limestone sand with mussel shell sand in three different 
percentages: 25%, 50% and 75%. The binder to aggregate ratio used was in the range of 1:2.5 (by volume). Thus, 
a water to lime ratio of 1.73 were used to design the mortars with hydrated lime. As a result, four types of mortars 
were obtained: SL0, SL25, SL50 and SL75. Mortars dosages are shown in Tab.1. 

Tab. 1: Hydrated lime mortars dosages. 

 

3 EXPERIMENTAL PROCESS 

3.1 Thermal conductivity 

Thermal conductivity test for all coating mortars was carried out at the age of 2 years from mixing.  

The thermal properties mortars, circular specimen (Fig. 1a) with diameter of 150 mm and 20 mm of width were used 
to measure the thermal conductivity. The measurements were based on the analysis of the temperature response 
of each test samples to heat flow impulses, using the ISOMET 2104 instrument (Fig.1a), a transient plane source 
device. For the mussel shell aggregates a probe with a test range of 0.30-2.00 W/(mK) was used. 

The thermal conductivity test was carried out in different climatic conditions for both aggregates and mortars. Firstly, 
the test was carried out in laboratory conditions at 20 ºC (±2) and 60% (±5) RH, and then climatic chambers with 
two different humidity conditions were prepared: dry and wet conditions. For the dry conditions trays filled with silica 
gel were placed inside the chamber leading to a climatic condition of 20 ºC (±2) and 40% (±5) RH. For the wet, 
trays full of water were used giving 20 ºC (±2) and 90% (±5) RH. 

 Hydrated lime  Added water 
Conventional 

aggregate 
Mussel shell 

aggregate 

S0 207.36 357.95 1468.17 0 

S25 207.36 357.95 1101.12 373.91 

S50 207.36 357.95 734.08 747.83 

S75 207.36 357.95 367.04 1121.74 
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Fig. 1: Thermal conductivity test: a) mortar sample during the thermal conductivity test in laboratory conditions, b) 
various mortars samples inside the climatic chamber. 

3.2 Sorption and desorption cycles 

The sorption and desorption of the aggregates and mortars were determined according to DIN18947. At least three 
circular samples of 150 mm of diameter and 20 mm of width of each mortar were used. Samples were covered with 
two aluminium foil fixed with rubber band to avoid movements, thus only a circular surface of 150 mm diameter is 
exposed. Initially the specimens are placed in the climatic chamber at 23 ⁰C and 50 % RH for 24 hours, until constant 
mass (less than 2 % of variation). Then, the RH inside the climatic chamber was increased to 80 % (maintaining 
the temperature at 23 ⁰C), starting the sorption phase of the samples. The water vapour gained by the mortars, was 
determined after 1, 3, 6, 12 and 24 hours, by weighing of the specimens using an electronic digital scale. Desorption 
phase is the reverse process of the sorption phase. The age of the samples at the sorption-desorption test was 2 
years. 

 

Fig. 2: Sorption-desorption test: a) climatic chamber, a1) sorption conditions, a2) desorption conditions and b) 
coating mortars samples inside of climatic chamber. 

4 RESULTS AND DISCUSSION  

Hygrothermal behaviour is influenced by composition and microstructural characteristics of mortars. For this reason, 
it is important to remark, that mussel shell has an impact on carbonation process of air lime mortars. However, at 2 
years-aged (age at this study was carried out), it can be considered a total carbonation degree in all mortars 
(Martínez-García et al., 2019a).  

Regarding microstructure, at one year of age total porosity (after immersion and boiling) is increased by mussel 
shell content and variations respect to reference mortars are for S25, S50 and S75 of about 10%, 30% and 50%, 
respectively (Martínez-García et al., 2019a). 

4.1 Thermal behaviour 

Fig. 1 show the average values of thermal conductivity of lime mortars at different relative humidity conditions (40%, 
60% and 90%). As was expected, the results indicate that mussel shell aggregate decreases the thermal 
conductivity of lime mortars at all conditions. The reductions shown at different RH% respect baseline are similar: 
13-16% when 25% of mussel shell aggregate is used, 33-36% when the 50% of the aggregate is replaced, and 43-
48% in S75 samples.  

Fig.2 show average values of specific heat capacity and thermal diffusivity, at laboratory conditions of temperature 
(20 °C) and RH (60%). As it can be seen, mussel shell content slightly increases (about 10% in S75) the specific 
heat capacity of lime mortars and have a significant influence in thermal diffusivity values, showing an increase in 
this property. 

Mussel shell mortars show the presence of isolated pores due to air entrainment or entrapment (Martínez-García 
et al., 2019a). This is due to the flaky particles and the air-entraining effect of the organic matter. This phenomenon 
is responsible of this positive effect in thermal behaviour. 

Regarding literature, it can be said that all mussel shell mortars show lower thermal conductivity values than those 
presented by Oliveira et al. (2020) of modified air lime mortars with bacterial-based bioproducts. The values of 
specific heat capacity shown by bacterial mortars are higher than lower than mussel shell mortars. The S75 sample 
shows thermal conductivity values similar to that shown by Vejmelková et al. (2012) in lime-metakaolin plasters 
hydrophobized by zinc stearate, but lower values of specific heat capacity. 
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Fig. 1: Thermal conductivity of different mortars at 
different relative humidity values. 

 

Fig. 2: Specific heat capacity and thermal diffusivity at 
laboratory conditions (20 °C and 60%) 

4.2 Hygroscopic performance 

Hygroscopic materials, such as earth-based, can contribute to the comfort of buildings inhabitants and IAQ due to 
their high capacity to adsorb and release water vapour, contributing to balance indoor relative humidity (RH) and 
temperature (Bruno et al., 2017; Santos et al., 2020). 

Sorption-desorption isotherms of air lime mortars are presented in Fig.3. Mussel shell mortars show a significant 
increase of sorption of water vapour after 24h. Variation percentages respect baseline are 2.5 times, 4.2 times and 
nearly 5.5 times, in S25, S50 and S75, respectively. In addition, it is observed that the slopes of sorption curves are 
greater the higher the mussel shell content. In contrast, the reference mortar sorption curve seems to stabilize its 
water vapour absorption at 24 h. 

Regarding desorption curves, none of plasters reached zero value at the end of the desorption curve as it can be 
seen in Fig.3, this is, none of the mortars desorbed the entire water vapour that had been previously adsorbed. 
Moreover, the more mussel shell content the higher is the value of water vapour content (that is not released) at 
the end of this cycle. This difference is highly noted from the 50% of aggregate replacement on, and even S75 
sample shows final values at desorption higher than those reached by S0 at sorption curve at 24h. This issue can 
be related with the moisture retention due to the flaky particles of mussel shell and the chitin content (Gour et al., 
2018; Martínez-García et al., 2020b).  

Polysaccharides (chitin) is present in mussel shell microstructure and this organic matter content was measured 
giving a value for combined mussel shell sand (MS) of 2.07% (Martínez-García et al., 2019b). This value is shown 
in Fig.3 calculated in mass per litre of each mortar dosage. As it can be seen the variation of sorption curves respect 
reference, is consistent with organic matter increases in mussel shell mortars. Thus, undoubtedly chitin effect also 
affects positively to hygroscopicity of lime mortars, join to the increase in total porosity shown by mussel shell 
mortars (Martínez-García et al., 2019a). 

 

Fig. 3: Sorption-desorption curves of air lime mortars. 

 

Fig. 4: Sorption at 24h and thermal conductivity vs. 
density. 

 

In addition, in Fig. 4 water vapour sorption values at 24h and thermal conductivity values are compared with density 
of lime mortars studied. As expectable, sorption values are inverse proportional respect to density, and on the 
contrary, an increase in density conducts an increase in thermal conductivity of mortars. 

In the literature, Santos et al. (2020) analysed various coating mortars with different characteristics. A comparative 
analysis of sorption of water vapour values at 12h can be observed in Fig. 5, where mortars of this study and other 
type of plasters with common binders (Santos et al., 2020) are included. The figure also includes the limits defined 
by DIN 18947 after 12 h: WSI (≥35 g/m2), WSII (≥47.5 g/m2) and WSIII (≥60 g/m2). As it can be observed, mussel 
shell mortars show higher values than most of common plasters, include those values shown by earth based 
plasters, that are materials known by their good hygroscopic behaviour. The pore structure created by mussel shell 
particles and their composition can be responsible of these results. 
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Fig. 5: Comparative analysis of sorption water vapour at 12h of different coating mortars. 

5 CONCLUSIONS 

This paper analyses thermal and hygroscopic properties of air lime coating mortars that use mussel shell as 
aggregate. Hydrated lime coatings with different replacement percentages (25, 50 and 75%) of conventional sand 
by mussel shell sand are studied.  

Mussel shell mortars show important reductions of thermal conductivity respect baseline, nearly the 40% and 50% 
when the 50% and 75% of aggregate is replaced, respectively. These reductions are consistent with density 
variations. The increase of entrapped and entrained porosity caused by the flaky mussel shell particles and the 
presence of organic matter are responsible of this positive effect in thermal behaviour. 

Regarding hygroscopic behaviour, mussel shell mortars show higher sorption curves respect baseline. This 
phenomenon is attributed to higher volume of pores present in mussel shell samples, but also it could be related 
with organic composition of mussel shell particles.  

In can be concluded that results are very positive for mussel shells specimens, the use of mussel shell aggregates 
can improve the hygrothermal properties of air lime coating mortars. 
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