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A B S T R A C T   

The present study introduces a novel-composition lime plaster that contains a Super Adsorbent 
BioPolymer (SABP) based on Calcium Alginate (CaAlg) for indoor applications, to improve 
hygrothermal and acoustic comfort. The sorption isotherm of the plaster, the moisture buffering 
value (MBV), the acoustic absorption, and the thermal conductivity have been assessed. The 
hygrothermal and acoustic properties of the modified plaster have been compared with those of 
the original composition to evaluate its performance under different concentrations of CaAlg 
(between 10 and 30% wt). Adding the CaAlg SABP to a conventional lime plaster consistently 
enhanced its hygroscopic properties. The results show a substantial increase in the equilibrium 
moisture uptake (between 10 and 23 fold) and MBV, from 0.9 to 9.3 g/(m2⋅%RH). The sound 
absorption coefficient improved by 0.1–0.2 at higher frequencies than 500 Hz. This paper pro
vides detailed information on the characterization of the material. It includes details about using 
a dynamic vapor sorption (DVS) analyzer to evaluate the sorption isotherm and MBV. It also 
contains information on the impedance tube method used to measure the acoustic absorption of 
the material.   

1. Introduction 

The potential of a material to buffer indoor moisture variations is a property that researchers have investigated to passively 
improve the comfort of occupants and the safe storage of artifacts [1,2]. This property helps to regulate the indoor humidity of 
buildings and can help to reduce the mechanical ventilation, and dehumidification loads [3]. Variations in the buffering moisture 
content can help to maintain the indoor air quality of a building and mitigate mold growth when mechanical ventilation is unavailable. 

The Moisture Buffering Value (MBV), measured using NORDTEST, is generally considered to quantify the hygroscopic potential of 
building materials [4]. Typical building materials, such as gypsum, lime, and wood, have moderate MBV values, ranging from 0.6 to 
1.5 g/(m2 %RH) [4–6]. However, these values may not be adequate to passively regulate indoor humidity levels, effectively reduce 
mechanical ventilation and dehumidification, or prevent mold growth. As indoor opaque surfaces are the most common surfaces in 
buildings, improving the MBV of new plaster materials from low or moderate to high categories, that is, good or excellent [4], could 
significantly increase the moisture buffering capacity of a building. 
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1.1. State of the art 

A possible methodology to increase the MBV is to produce a composite mortar by blending traditional construction materials, such 
as lime or cement, with natural or bio-based aggregates, such as wood, in different forms and with other biomasses [7–9]. Many recent 
works focused on using biopolymers in building materials with different intentions. The utilization of the additives could be focused on 
reducing the carbon footprint of the materials [10–12] or enhancing the properties [13], including self-healing [14]. Nonetheless, 
including alternative elements in the mixture can lead to a deterioration of the mechanical properties of the resulting material, 
particularly when large aggregates are incorporated into the plaster [15]. 

Substituting large aggregates with natural fibers, such as paper [9,16,17], hemp [18–20], date palm [21–24], straw fibers [25,26], 
and fiberwood [27], can mitigate the decline in mechanical properties and enhance the MBV. Gradually increasing the fiber content 
leads to increased MBV, with an average value of approximately 2.5 g/(m2 %RH) and a reduction in thermal conductivity. Further
more, in addition to the thermal and mechanical properties, the acoustic properties of such materials have been investigated in several 
studies. An overview of these works and results is provided in Dahal et al. [28]. 

Another approach involves combining sorbents, such as zeolites, a metal-organic framework (MOF), and superabsorbent polymers 
(SAP), with mortar to enhance the final composite moisture level. Despite the high moisture affinity of zeolites, when mixed with 
sepiolite and perlite-based mortar, they have only demonstrated a 6% increase in the MBV value [29]. A different approach involves 
covering plasters with a layer of an effective sorbent, such as MOF [30,31], to control the indoor relative humidity. The MBV values of 
pristine MOF are outstanding (7.4–20.5 g/(m2 %RH)), and its application as a coating can limit its effective use to that of a thicker layer 
of material while adding it to the mortar mixture can drastically reduce its effectiveness. On the other hand, using LiCl salt as an 
additive in a mortar mixture can increase the bulk MBV values by up to 4–10 g/(m2 %RH) [32]. 

The presence of SAP particles in a mortar mixture increases its water absorption capacity due to their ionic nature and inter
connected chain structure, affecting the workability of the mortar. Consequently, increasing the water-to-binder ratio to maintain 
plaster workability negatively affects its flexural strength [33]. When SAP concentration is low (less than 0.5% wt), the MBV increase is 
modest. The average result is around 1.3 g/(m2 %RH) [34–37]. At higher SAP concentrations (1.5–5% wt), the MBV increase is much 
more relevant, to 2.5–2.9 g/(m2 %RH). More than a 100% increase if compared to reference samples. However, the compressive 
strength has been shown to reduce by 62% for the highest SAP concentrations. Also, thermal conductivity has been reduced from 0.6 to 
0.4 W/mK for 1.5% wt [38–40]. 

Within the SAP family, alginate-derived polymers are increasingly being studied as building material additives due to their effect on 
the mechanical properties of materials. However, the impact of these polymers on the moisture affinity properties when mixed with 
plasters still needs to be explored. Murugappan et al. [41] conducted a literature review on the use of alginates in concretes and 
reported that some alginate-based polymers had an opposite effect on the reduction of the compressive and flexural strength, likely due 
to their capacity to self-cure concrete [42]. According to a study by Mignon et al. [43], Calcium Alginate (CaAlg) has a more negligible 
impact on the reduction of compressive strength than other SAP, with a decrease of only 15% from the reference value. However, that 
study did not explore the effect of CaAlg on the water uptake or the MBV value. 

1.2. Objectives 

This research has aimed to evaluate how various concentrations of biopolymer aggregates, based on CaAlg, affect the ability of 
conventional lime plaster to absorb water vapor, its moisture buffering properties, and its thermal conductivity. Additionally, since the 
inclusion of different aggregates can influence the fundamental properties of the plaster (i.e., flow resistivity, porosity, pore shape 
factor, and tortuosity, which all affect the sound absorption performance [28,44–47]), an acoustic testing campaign has been con
ducted to assess their influence on sound absorption. 

The following sections illustrate the preparation process of the biopolymer aggregates and the modified plaster, each experimental 

Fig. 1. Schematic representation of the crosslinking process of Sodium Alginate with the substation of monovalent cations Na+ with the divalent Ca2+ coming from the 
CaCl2/water solution. The picture of the resulting Calcium Alginate beads used as hygroscopic aggregate for the composite lime plaster is on the bottom right. 
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activity, and the final individual results. 

2. Methodology 

2.1. Materials 

2.1.1. Synthesis of calcium alginate SABP 
The hygroscopic polymer used in this research is CaAlg, a bio-polymer obtained through the ionotropic gelation [48] of sodium 

alginate monomers with calcium ions dissolved in a CaCl2/water solution. Sodium alginate (NaAlg) is a salt obtained from the 
polysaccharide compounds that make up the cell walls of brown algae [49]. 

The reaction between the different monomers of NaAlg salt (composed of blocks of Mannuronate and Guluronate containing the 
Na+ cation) is known as ionotropic gelation. This reaction involves crosslinking parallel monomers through a structure called the “egg 
box” using a divalent cation. In our case, the divalent cation is Ca2+, obtained by dissolving CaCl2 in demineralized water. Dripping the 
NaAlg/water gel into the CaCl2/water solution, ionotropic gelation occurs once the interfaces of the two substances are in contact, 
causing a substitution between Na+ and Ca2+. The remaining Cl2- in the water solution forms a solvated structure with the Na+

expelled by the NaAlg monomers [48,50–52]. Fig. 1 depicts the resulting polymer beads, later mixed with mortar powder. The same 
picture also illustrates the initial sodium alginate’s molecular structure and the crosslinked polymer’s structure design after the 
substitution between Na+ and Ca2+ has occurred. 

The CaAlg used in this experiment was produced by mixing 1 kg of deionized water with 20 g of a gelling agent, sodium salt from 
alginic acid, and rapidly stirring the mixture at a high rotational speed until reaching the complete solution homogeneity. The gel was 
degassed under vacuum at an absolute pressure of 200–500 mbar and dripped into a crosslinking salt solution, prepared by mixing 1 L 
of deionized water with 133 g of dehydrated CaCl2. The bath was left to rest for approximately 12 h to complete the diffusion of the 
Ca2+ cations and the subsequent crosslinking of the beads. Finally, the crosslinked beads were drained and thoroughly rinsed with 
demineralized water to remove any excess salt and were then dried in a ventilated oven at 70◦C. 

2.1.2. Reference mortar 
The used mortar was a cement-free commercial product based on a mix of natural hydraulic lime (2.5–5%), crystalline silicon 

(0.5–1% with a diameter <1 μm), recycled material (~23%), and fillers (70–75%) based on limestone, pozzolana and polypropylene 
microfibers (diameter ~10 μm). Detailed SEM images of the reference mortar are reported in the supplementary information S6. 
Further, the manufacturer reports the following performance information: the maximum dimension of aggregates 2.5 mm (EN1015-1), 
the apparent volumetric mass of 1500 kg/m3, and a porosity of the fresh plaster higher than 20% (EN 1015-7). When the mortar 
powder is pasted with 15% water, the workability time is 60 min (EN1015-9), and the compressive strength after 28 days is 3.5–7.5 N/ 
mm2. Water absorption due to capillarity is 3.5 kg/m2 according to EN 1015-18 for a renovation plaster. The resistance factor of water 
vapor diffusion equals 10 according to EN 1015-19. 

2.1.3. Samples preparation 
CaAlg beads with a diameter of 2–3 mm (Fig. 2a, 2b) were first homogeneously mixed with the mortar powder and then mixed with 

water (Fig. 2c). Eight different samples were prepared, two for the reference material (A00) and six samples (two for each composition) 
with increasing concentrations of CaAlg (B01, B02, and B03). The increase in the CaAlg concentration required a slightly larger 
amount of water. Indeed, the water ratio was increased from 17% to 22% to maintain the mortar workability level similar to reference 

Fig. 2. Pictures of the preparation steps of the composite mortar and the resulting samples. a) magnification of a CaAlg bio-polymer bead obtained using scanning 
electron microscopy (SEM) - FEI Quanta 200. b) mixing the CaAlg beads with dry mortar powder in a concentration, as reported in Table 1 for the CaAlg/mortar 
parameter. c) mixing water with the mortar powder and CaAlg beads in the proportions indicated in Table 1 for the water/binder ratio. d) pouring the wet composite 
mortar into two different square molds. e) composite mortar samples taken from the more extensive square molds after one week of drying at ambient T and RH. f) 
circular samples after manipulating the smaller square samples after one week of drying at ambient T and RH. 
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A00. The evaluation of the workability level was only qualitative. The different mixtures were poured into two different-sized square 
molds (Fig. 2d) and left to rest at ambient temperature and humidity for about one week to complete the drying process. To determine 
the dry mass (mdry) of each sample, they were dried in a ventilated oven at 70◦C for 72 h and weighed on scales (reproducibility of 0.1 
g) to determine the dry mass (mdry) of each sample. 

The final values and other information, such as the sample dimensions and CaAlg concentrations, are listed in Table 1. Smaller 
cylindrical samples were subsequently cut and sanded to fit into the Dynamic Vapor Sorption (DVS) device and the impedance tube for 
acoustic tests. Furthermore, the B03 sample was deliberately cracked open to evaluating beads distribution within the internal volume. 
It was observed under an FEI Quanta 200 scanning electron microscope (SEM), as reported in Fig. 3. Moreover, a reference sample was 
also analyzed, and its results can be found in the supplementary information (S6) section. 

The SEM images demonstrate that the differential retraction between the mortar and CaAlg beads caused spherical empty spaces to 
form around each polymer particle during the drying process of the composite material, as depicted in the SEM magnifications in 
Fig. 3. The number and the density of these holes increased as the concentration of CaAlg increased, as clearly shown in Fig. 2f. The 
beads appear covered with loose mortar from the cavity formed during drying. In the case of the B03 sample, the cavity had a size of 
around 2.5 mm, while the inner particle itself was about 1.5 mm. Moreover, interconnected cavities readily form throughout the 
internal volume as the concentration of aggregates increases. 

2.2. Isotherms 

The moisture sorption isotherms of the four compositions were determined at the Thermal Systems Lab (DPIA University of Udine) 
using a Vsorp Basic DVS analyzer (ProUmid) on cylindrical samples. The equilibrium conditions were measured at 0%, 40%, 50%, 
60%, and 70% RH for adsorption and desorption to obtain the isotherms at a precision of ±0.1% RH and constant temperature of 23 ±
0.1◦C. The equilibrium points were limited to below 70% RH because the B02 and B03 samples had shown the formation of liquid 
drops on the sample surfaces in a preliminary measurement at 80% RH. This deliquescent behavior has not been investigated in this 
work. The pieces were kept in a controlled environment with an air velocity of 0.15 m/s and were automatically weighed on scales 
every 30 min. The scales had a reproducibility of 0.1 mg. The moisture content (u) of each sample was calculated as follows: 

u=
m − mdry

mdry

[
gH2O

gdry mass

]

(1)  

where m is the mass of the sample in g and mdry is the mass of the dry sample in g. The equilibrium condition is defined as a limit of the 
variation in mass over time. In particular, mass variations lower than 0.001% for more than 300 min is the determining criterion to 
establish the equilibrium condition. This criterion follows the equilibrium condition defined in the ISO 12571:2021 standard, albeit 
using a shorter period as the reference. ISO 12571:2021 defines an equilibrium condition if, after three weighings made 24 h apart, the 
change in mass is lower than 0.1% of the total mass. The samples were dried in the DVS at 0% + 0.1 RH (-40◦C dew point) and at 23◦C 
before the adsorption test. 

2.3. Moisture buffering tests 

The moisture buffering performance of the various developed mortars was measured, through the MBV test, using two different 
instruments:  

• a climatic chamber  
• the DVS device 

Both procedures complied with the temperature and relative humidity condition cycles of the NORDTEST protocol [4]. In both 
tests, the temperature was constant at 23◦C, while the RH varied as a 24-h square wave with 75% for 8 h and 33% for the residual 16 h. 
In both cases, since it was not known if the tested samples had a thickness that exceeded the moisture penetration depth of the given 
material, it was evaluated the practical moisture buffer value (MBVpractical) [4]. 

Table 1 
Data specifications of the different compositions of the A00, B01, B02, and B03 samples. The table reports the mass percentage ratio of mortar/water/CaAlg, bulk 
densities, gross geometries, and dry masses of the samples used for the different experimental tests.   

A00 B01 B02 B03 

Mortar mass [g] 500 500 450 400 
Water/binder ratio [%] 17 17 21 22 
CaAlg/mortar ratio [%] 0 10 20 30 
Density (dry) [kg/m3] 1761 1783 1611 1566 

Square Sample - Dry mass (m0) [g] 437.5 482 439 420.5 
Thickness [mm] 20.8 22.4 22.1 22.4 
Sizes [mm] 109.4 109.1 110.8 109.5 

109.3 112.1 111.1 109.7 

Circular Sample - Dry weight (m0) [g] 18.6 21.5 17.5 14.5 
Thickness [mm] 13.9 14.1 13.6 13.5 
Diameter [mm] 34.5 34.5 34.5 34.5  
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2.3.1. The MBV test in the climatic chamber 
To perform the test, all the bottom and sides of the square prismatic samples (A00, B01, B02, B03) were sealed with a first layer of 

acrylic silicon and a final layer of aluminum tape. This procedure left only the upper surface exposed to air and moisture [4]. 
The four samples were first preconditioned in an ATT DM340 climatic chamber at 23 ± 0.3◦C and 50 ± 3%RH until the mass 

stabilization, and then 75%RH (8h) and 33%RH (16h) cycles were repeated five times each. However, as shown in Fig. 4, only the last 
three consecutive cycles were chosen for the MBV calculation due to a 2% deviation of the average RH from the prescribed set point. 
Table 2 shows the average temperature and relative humidity conditions during the tests and the average difference in the relative 
humidity between the adsorption and desorption cycles. 

2.3.2. The MBV test in the DVS device 
The MBV was also evaluated in the DVS device at the Thermal Systems Lab (DPIA University of Udine). Because of the size lim

itations of the device, the test was conducted following the procedure presented in Rode et al. [4], except for the size of the exposed 
surface of each sample, which was smaller than the recommended value of 0.01 m2. The samples were placed in the device trays with 
the free surface facing upward. The samples were first dried to 0% RH (dew point temperature at -40◦C) at 23 ◦C and later conditioned 
to 50% RH at the same temperature. The samples were then subjected to cycles, as in 2.3.1, and weighed automatically every 30 min. 

Fig. 3. Different SEM magnifications of the cracked B03 sample.  

Fig. 4. The graph shows the temperature and relative humidity conditions measured during the MBV test with the climatic chamber.  
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2.4. Acoustic properties 

The acoustic measurements were performed on the four typologies (A00, B01, B02, and B03) in an ISO 10534-2 impedance tube 
[53] (two-microphone technique) to assess the normal-incidence sound absorption coefficient. The advantage of this method is that it 
offers the possibility of obtaining measurements using small samples, which are appropriate for the aim of this investigation. An 
HW-ACT-TUBE impedance tube (picture in S7 of the supplementary information) at the Applied Acoustics Laboratory (Department of 
Energy, Politecnico di Torino) was used for these measurements. This device has an internal diameter of 35 mm and is equipped with 
two ¼’’ flush-mounted GRAS 46BD. The method allowed accurate sound pressure amplitude and phase measurements over the whole 
frequency range of interest, i.e., 100–5000 Hz [53]. A white noise source, i.e., a 2’’ aluminum driver, produces continuous high sound 
levels (100 dB) inside the tube, thus ensuring a high signal-to-noise ratio by design, and it generates a flat spectrum over the 100–5000 
Hz frequency range. 

The normal-incidence absorption coefficient (α0) was measured for each composition, considering the effect on both sides of the 
sample: front and back (the different superficial characteristics of the two sides are depicted in Fig. 5). The aim was to investigate the 
effects of any superficial differences due to the casting conditions. Moreover, the edges of the samples had been adequately sealed with 
a thin Teflon tape to even out the irregularities generated by the cutting technique and to fill the gaps (<1 mm) between the sample and 
tube [54]. 

2.5. Thermal conductivity 

The equivalent thermal conductivity (λeq) was measured, at the HigroThermal Characterization Lab (Department of Energy, 
Politecnico di Torino), according to the EN 12664:2002 standard [55]. An HFM FOX600 (Heat Flow Meter) instrument (Fig. 6a) was 
used to conduct the test. Since the sample was smaller than the measuring area of the HFM (~254 × 254 mm), a neoprene frame 
(390x390 × 20 mm) was used to hold the samples in place (Fig. 6b). The neoprene frame was tested at an average temperature of 23◦C 
(Tupper plate = 18◦C; Tlower plate = 28◦C; ΔT = 10◦C), and a thermal conductivity of 0.035 W/mK was obtained. 

The assembled sample (mortar within the neoprene frame) was placed inside the instrument, positioned centrally over the two 
plates, and tested under the same conditions as the neoprene frame. Moreover, the test was conducted under dry conditions and after 
preconditioning the sample in a ventilated oven at 60◦C until reaching a constant mass [56]. The thermal conductivity was then 
measured at an ambient condition (λ23, dry) of 23 ◦C. 

Table 2 
Test conditions. Average temperature Tavg, relative humidity RHavg, and variation in the relative humidity between the adsorption, ΔRHabs., and desorption, ΔRHdes., 
cycles.  

cycle RHavg [%] Tavg [◦C] ΔRHdes [%] ΔRHabs. [%] Selected values 

1 78.2 21.8    
35.0 21.5 43.2  no 

2 74.0 23.1  39.0 no 
32.3 22.8 41.6  yes 

3 75.0 23.1  42.6 yes 
32.4 22.8 42.6  yes 

4 75.3 22.9  42.9 yes 
33.0 22.4 42.2  yes 

5 75.1 22.9  42.1 yes 
39.9 22.9 35.2  no  

Fig. 5. The A00, B01, B02, and B03 samples inside the Impedance tube. a) front and b) back of each sample.  
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The equivalent thermal conductivity of the different samples was determined by calculating the heat flow through the surface of the 
mortar (equation (2)): 

φ2 =
φTOT × A1 − φ1 × (A1 − A2)

A2

[
W
m2

]

(2)  

where φTOT is the heat flow through the whole sample (neoprene ring containing the plaster); A1 is the area of the whole sample; φ1 is 
the heat flux across the previously tested neoprene sample itself, and A2 is the surface area of the plaster tile (Fig. 6b). 

Finally, the thermal conductivity of the samples was calculated according to equation (3): 

λ=
φ2

ΔT
× t

[
W

mK

]

(3)  

where ΔT is the temperature difference between the two plates of the Heat Flux Meter apparatus and t is the thickness of the sample. 

3. Results and discussion 

After the CaAlg beads are removed from the reticulation bath of CaCl2/water and thoroughly rinsed with demineralized water, 
some residual deposits of CaCl2 and NaCl may still exist on the polymer surface. Even though these residues are minimal, they can 
contaminate the final composite plaster with chlorides. Such contamination can have negative implications for the long-term dura
bility of the plaster, as documented in the literature [57–59]. The presence of chlorides, such as NaCl, CaCl2, and MgCl2, is known to 
initiate or accelerate the corrosion of reinforcement steel, cause freeze-thaw damage, and result in white efflorescence. However, it 
should be noted that the minimal contamination introduced through this methodology may also positively impact the mortar’s 
compressive and flexural strength during the early stages [60]. 

Including CaAlg beads in the mortar mix required an additional but marginal amount of water proportional to the aggregates 
concentration. This procedure was to obtain qualitative homogenous workability among the different samples. Therefore, the water 
ratio increased from 17% (reference sample) to 21% (highest CaAlg concentration). 

Fig. 6. a) A sample inside the DHFM apparatus; b) Neoprene panel and mortar placed inside the neoprene frame.  

Fig. 7. On the left: Dynamic measurement of the moisture adsorbed by the samples in the DVS analyzer. On the right: Adsorption and desorption isotherms measured 
using the DVS analyzer. Crosses represent the adsorption curve points, while squares represent the desorption points, and they practically overlap and show a 
negligible hysteresis effect. 

V. Gentile et al.                                                                                                                                                                                                         



Journal of Building Engineering 76 (2023) 107147

8

Simultaneously, the hardening process caused the CaAlg beads to contract, forming air gaps within the samples, as visible from SEM 
images. The polymer beads absorbed the water when added during the mixing phase. The difference between the swelled volume and 
the contracted one resulted from the hardening stage led to the formation of air gaps. The higher presence of CaAlg likely induces the 
formation of interconnected air gaps. 

In the end, the proportional increase in the polymer concentration reduces sample density, as shown in Table 1. 
The mechanical properties of the hardened plaster were likely affected by the increased water content and decreased density. 

However, no visible signs of stiffness degradation were observed in any of the different compositions. The used reference mortar 
belongs to the CSII category as per EN 998-1. Future research should concentrate on verifying this category. The only noticeable 
change was in the surface appearance, where spherical aggregates were observed, particularly in the B03 sample. 

3.1. Sorption isotherms 

The changes in the sample weights are shown in Fig. 7a as the relative humidity conditions increase and decrease over time. The 
composites responded well to both increases and decrease in humidity, with noticeable differences between the two phases (sorption 
and desorption), relative to the time it took to reach equilibrium (see S2 and S3 in the supplementary information). However, although 
it took more than 100 h to achieve each equilibrium point, in most cases, the mass variation of the samples reached 95% of the 
equilibrium value in less than 50% of the total required time. 

CaAlg influenced the water vapor uptake to a great extent and confirmed a proportionality between its concentration and the 
variations of the mass under equilibrium. Fig. 7b shows the adsorption and desorption equilibrium points at 23◦C. Table S1 of the 
supplementary information reports in detail the values of each equilibrium point. The curves show minor and mostly overlapping 
differences, with a maximum absolute difference of 0.14% (gH₂O/gdry) of discrepancy at 40%RH for the B01 sample. The standard 
deviation of the last ten measurements before reaching the equilibrium conditions was consistently below 0.004% (gH₂O/gdry) for each 
sample and testing condition. 

3.2. MBV test 

Fig. 8 presents the results of both MBV tests, while Table 3 recalls all the differences between the two test procedures (climatic 
chamber versus DVS). The final MBV tests in the climatic chamber were restricted to three cycles because of a 3% deviation of the RH 
from the prescribed values during the 1st and 5th cycles. A comparison of the average result, weighted over three cycles (MBV3) 
instead of 5 (MBV5), led to minimal differences in the final results, as shown in Table 3. 

Furthermore, the differences in thickness and surface manipulation were responsible for some differences in the related results. 
When the moisture penetration depth in the material was less than the thickness of the sample, the measured MBV was unaffected. 
When the thickness of the sample was less than the penetration depth, the thinner samples were expected to reach saturation earlier 
and uptake a smaller absolute quantity of moisture. 

Moreover, the surface treatment used on the samples in the DVS analyzer test led to the loss of some alginate beads. This, combined 
with the inhomogeneity of samples, resulted in a modified CaAlg concentration. Consequently, the smaller sample has shown a 
reduced equilibrium moisture content and MBV value. This effect became more relevant as more CaAlg particles were dispersed within 
the plaster. From a comparison of the results, it can be seen that the most significant difference was for the B03 samples, while minimal 
differences were observed for the other samples. 

The improvement achieved in this research refers to a greater MBV increase, with respect to the reference material, and a higher 
MBV value than in the other experiments in literature in which mortar composites were used with other polymers or sorbents [24–35]. 
To the best of the authors’ knowledge, the only research that has shown comparable results is that of Yang et al. [32], who produced a 
sample with a similar thickness by adding lithium chloride to a conventional mortar (1–8% wt) and obtained practical MBV values 
within the 4–10.5 g/(m2 %RH) range. 

3.3. Acoustic properties 

The measurement results are presented in Fig. 9 for each material typology, considering the effect on both sides of the sample. The 

Fig. 8. The MBV values (one for adsorption and one for desorption) as measured in the two tests with the different experimental setups. The whiskers indicate the 
standard deviation. 
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frequency-dependent sound absorption was evaluated and is presented in third-octave bands. It can be observed that there are only 
some slight differences (<0.10) between the two sides of the sample for each typology, except for sample B03, which presents sig
nificant differences above 315 Hz. These differences are presumably associated with the variations of the superficial porosity since 
some of the alginate beads might have been lost while moving the samples from the casting during the different measurement stages. 

The best performance was achieved for the B03_back sample. However, this sample appears to be compatible with the B02_back 
sample up to 2000 Hz. Both samples outperformed the A00 sample at lower (<800 Hz) and higher (>1600 Hz) frequencies. On the 
other hand, the B03 sample results for the front side show a lower sound absorption, which is compatible with the B01 results. This 
variability can be considered as a promising outcome. The performance could be further improved by designing the aggregate content 
with values of up to 0.40 for high frequencies. Moreover, the B03 sample shows a more even distribution of the frequency-dependent 
sound absorption, which makes it useful for room-acoustic purposes in several applications [61]. This result is presumably connected 
to the density increase in the interconnected cavities and to variations in the superficial porosity [4,23]. 

3.4. Thermal conductivity 

Table 4 summarises the measured equivalent thermal conductivities and each parameter required for equations (2) and (3) for each 
sample and concentration. 

As for the acoustic measurements, the increase in the macroscopic porosity associated with the CaAlg concentration influenced the 
thermal conductive properties. Indeed, the thermal conductivity of the samples decreases as the CaAlg concentration increases. B02 
and B03 show progressively lower λ23, dry than B01. This behavior is presumably due to the increase of the air cavities within the 
plasters and the consequent reduction in the bulk density of the composite from 1783 to 1566 kg/m3. 

On the other hand, although the densities of the A00 and B01 samples are similar, B01 is much more conductive than A01 (0.408 
W/mK for A00 and 0.892W/mK for B01). Presumably, the air cavities generated for a CaAlg concentration of 10% do not sufficiently 
compensate for the increase of specific thermal conductivity driven by the presence of CaAlg. 

4. Conclusions 

In this study, the effect of including calcium alginate biopolymers in a lime-based plaster was investigated. Test results revealed 
that:  

• Blending calcium alginate biopolymer particles (average diameter ~1.5 mm) with commercial mortar significantly improved 
hygroscopic properties. Increasing biopolymer concentration (10–30%) correlated with higher moisture uptake and MBV. CaAlg 
increased water uptake by over 10–23 fold within a 30–70% humidity range.  

• With the highest CaAlg concentration, practical MBV is higher than 9. The MBV results and methodology have been validated with 
two different instruments (a climatic chamber and a dynamic vapor sorption analyzer) and in two different laboratories. The 
obtained results were coherent for samples A00, B01, and B02. The inhomogeneity and high concentration of CaAlg of composition 
B03 affected the reproducibility of the data.  

• The expansion of CaAlg beads during water mixing leads to the formation of pseudospherical cavities around the aggregates. The 
count of empty cavities is increasing as i) the higher CaAlg concentration, ii) the reduced sample density, iii) the decreased thermal 
conductivity, and iv) the increase of sound absorption across different frequencies. 

Despite the higher water content and lower density may have impacted the mechanical properties of the hardened plaster, no 
visible signs of stiffness degradation were observed across various compositions. The reference mortar belongs to the CSII category per 
EN 998-1. The only noticeable change was in the surface appearance, with spherical aggregates notably present in the B03 sample. 
Future research should focus on verifying this categorization and the influence of different particle volumetric shrinking ratios. Further 
optimization of the normal-incidence absorption coefficient is possible by redesigning the microstructural configuration of the mix and 
the distribution of the cavities resulting from the shrinking of CaAlg. Indeed, the tortuosity and flow resistivity could be further 
increased by adequately controlling the void ratio and aggregate type. 

Table 3 
Differences between the MBV test procedures.   

Climatic chamber DVS analyzer 

Exposed surface ~0.00121 m2 ~0.0009 m2 

Sample thickness ~21 mm 13 mm 
Weighing method Manual Automatic 
Surface treatment None Sanded 

A00 MBV3 0.88 – 
MBV5 0.90 0.7 

B01 MBV3 5.29 – 
MBV5 5.47 5.35 

B02 MBV3 6.74 – 
MBV5 7.03 6.24 

B03 MBV3 9.02 – 
MBV5 9.36 6.22  
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