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Abstract. The thermal performance of the building materials is relevant to any use of
composite materials, especially in relation to constructions where it is desirable to have high
specific heat, low thermal conductivity and slight or no decrease of stiffness upon heating.
The thermal coefficients of composite mortars made up of mixtures of combining styrene
polyacrylic SPA Latex and supplementary cementitious materials SCMs were measured at
different ages (7, 14, 28, 60, 90 and 120 days). So, in order to determine the thermal
conductivity, the calorific capacity and thermal diffusivity of SCM-modified mortars, it
seemed interesting to evaluate the influence of adding the SPA Latex (0.5%, 1% and 2%Y) on
the properties of these mortars when exposed to a quick thermal conductivity meter based
on standard ISO 8302-91. The highest thermal conductivity of 1.51 W.m1.K-! was observed
with the samples containing only plain cement. It decreased with the increase of SPA latex
percentages. The lowest values of thermal coefficients were obtained with the samples
prepared with SPA polymer at 2% and SCMs. In this way, the results obtained highlight the
beneficial effect of combining SPA polymer and SCM materials as thermal insulation in
comparison with other insulation materials. In fact, using SCMs as cement substitutes
reduces the energy consumption. These composite mortars address problems related to
environmental pollution by CO; emissions, and can be recommended as materials for energy
efficiency in buildings.
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1. Introduction

The reduction of energy consumption in the building sector is a major challenge in order to cope
with the scarcity of fossil energy resources and the problem of climate change (Neville, 1996).
Today, the insulation of buildings has become a necessity; it is an efficient and cost-effective way
to meet the challenge of reducing energy consumption.

Currently, in the cement industry, CO; emissions and raw material consumption are mainly
targeted in order to reduce their environmental impact. The use of industrial mineral
byproducts, such as silica fume (Belbachir et al. 2016; Hassan et al. 2012) or Algerian natural
pozzolana (Belbachir, 2017; Ghrici et al., 2006; Kaid et al., 2009; Senhadji et al., 2014; Siad et al.,
2013), in composite materials generally involves technological advantages and significant
energy savings as well as CO; emission reductions. This should be consistent with the concept
and objectives of sustainable development.

For decades, polymer adjuvants have been widely used in civil engineering and are still
increasingly used, due to the diversity of properties they can offer (Ohama, 1995). In the
modified formulations, the latex significantly improves the paste consistency, adhesion to the
support and especially the mechanical properties of the cured material (Ohama, 1997). Thus,
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Polymer-Mortar Composites based on mineral additions are necessary for energy efficiency in
buildings (Belbachir et al. 2016; Benosman et al. 2015).

The purpose of the present work is to study the impact of the combination of latex polymer
(Tekweld) and supplementary cementitious materials (SCMs) on the thermal response (thermo-
physical properties) of SCM-based Polymer-Mortar Composites.

2. Experimental program

2.1 Cement (C)

The type of cement used is Matine CEMII/A, from Lafarge Cement Plant, based in Oggaz (Wilaya
of Mascara, Algeria). This cement has a fineness of 4220 cm?2/g, relative density equal to 3.09
g/cm3 and a compressive strength equal to 48 MPa, at 28 days. The chemical and mineralogical
compositions of the cement and its clinker are respectively given in Tables 1 and 2.

Table 1. Elementary chemical composition of cement, natural pozzolan and silica fume (%w).

Elt. C Pz St
Si0z | 17.954 | 46.101 | 94.609
Al,O3 | 4.071 | 16.442 | 0.320
Fe,03 | 2.750 | 9.140 1.212
CaO 58.15 | 9.057 | 0.434
MgO | 1.768 5.341 0.385
SOs3 2.428 0.059 0.104
K20 0.661 1.338 | 0.527
Na,O0 | 0.205 2.257 | 0.113
P,0s | 0.107 | 0.729 0.010
TiO, | 0.223 2.062 0.024
LOI | 10.720 | 7.110 1.980
LOI: loss on ignition.

Table 2. Mineralogical composition of clinker (%w)

CsS C.S C3A C4AF
64 15 8 12.16

2.2 Natural pozzolan (Pz)

The natural volcanic pozzolan is extracted from the deposit of Bouhamidi in the region of Beni-
Saf (North West of Algeria). The natural pozzolan used in all tests is in the form of powder,
resulting from crushed pozzolanic rock, previously steamed for 24 hours at a temperature of 50
°C, to remove moisture; they were then ground until the resulting powder can pass through a
sieve with an 80-micron mesh (Ghrici, 2006). The chemical composition of ground natural
pozzolan is shown in Table 1.

2.3 Silica fume (Sf)

The silica fume used in our study is a Ferro-silicon type additive for concrete in aggressive
environments, from TECKNACHEM Company (Sidi Bel-Abbes). Its chemical composition is given
in Table 1.

2.4 Polymer (Tk)

The polymer used (Styrene Polyacrylic “SPA” Latex), known as TEKWELD from TECKNACHEM
Company, is a synthetic resin (Latex) in the form of a high density aqueous solution, stable in an
alkaline medium, and especially designed to be added to the mixing water of cement mortars or
plaster. The main characteristics of the polymer used are summarized in Table 3.
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Table 3. Characteristics of the polymer used

Characteristics | Shape Color Absolute density (g/cm3) | pH
Polymer Liquid | White (Milk) 1.05+£0.01 6

2.5 Sand

In this experimental study, the silica sand used was of fraction 0/5, and came from the quarry of
Nedroma, 60km northwest of Tlemcen. Its principal characteristics are given in Table 4. Before
use, a granular correction of this sand was conducted by sea sand in order to have a continuous
granulometry, according to the granulometric analysis of standardized sand (Figure 1).
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Fig 1. Particle size distributions of Sand

Table 4. Physical properties of sand used.

Designations Values
Relative density (g/cm3) 2.63
Fineness modulus 2.4
Equivalent of sand (%) 72
Absorption coefficient (%) | 1.22

2.6 Specimen preparation, curing and casting

It was decided to produce composites based on mineral additives (SCMs) with different polymer
contents, i.e. P/C = 0.5, 1 and 2%, where P is the soluble polymer Tk and C the cement. The
mineral additives used are silica fume and natural pozzolan which must necessarily be realized
with percentages of (5% or 10%) natural pozzolan (Laoufi, et al. 2016; Makhloufi et al. 2015)
and 5% silica fume (Belbachir et al. 2016; Senhadji et al.,, 2014; Zhang et al. 2016). The mortar
used in the present study, consists of the following proportions by mass: 1 cement and 3 sand,
with a constant water to cement ratio W/C = 0.5 and superplasticizer/cement = 1.3% for all
composites mortars (Table 5).
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Table 5. The formulations of the different composite mortars

Code Cement (%) SIS;V[S (og)f) Tk (%) | Sand (%) | W/C | SP (%)
FO (0;0;0) 100 - - - 100 0.5 1.3
F1  (5;0;0) 95 5 | - - 100 05 | 1.3
F3 (10;0;0) 90 10 0 - 100 0.5 1.3
F5  (0;5;0) 95 0 |5 - 100 05 | 13
F6 (10;0;0.5) 89.5 10 0 0.5 100 0.5 1.3
F7 (10;0;2) 88 10 0 2 100 0.5 1.3
F8 (0;5;1) 94 - 5 1 100 0.5 1.3
F9 (0;5;2) 93 - 5 2 100 0.5 1.3

FO: Control Mortar; Pz: pozzolan; Sf: Silica fume; Tk: Tekweld; SP: Superplasticizer.

Mortars and/or composites were cast and compacted mechanically with a shock table (NF EN

196.1, 2005).

1- The molds containing the specimens were covered with a plastic film and stored in the
laboratory environment.

2- After this, the specimens were removed from the molds and they were kept in water
saturated with lime for 1 day.

3- Afterward, the specimens were removed from the water and they were kept in an

environment with a temperature of 20+2°C and a relative humidity of 60 * 5%.

2.7 Thermal coefficients

A quick thermal conductivity meter (QTM 30) based on standard (ISO 8302, 1991) guarded hot
plate apparatus was used to measure the thermal conductivity, calorific capacity and thermal
diffusivity of the sample at different ages. The Measurement was performed after the specimens
(40x40x160 mm3) were dried in an oven at 100 + 3 °C. The thermal coefficients of composite
mortars made up of mixtures of combining styrene polyacrylic SPA Latex and SCMs were
measured at different ages: 7, 14, 28, 60, 90 and 120 days (Figure 2). The experimental protocol
of thermal test is carried out according to the recommendations of ISO 8302 (1991).

Fig 2. Device (Quickline TM-30 thermal analyzer) with sample for thermal conductivity testing

3. Results and discussion

3.1 Thermal conductivity

3.1.1 Effect of natural pozzolan and polymer (Series I)

The evolution of the thermal conductivity as a function of time is shown in Figure 3.
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It is easy to note that at 7, 28, 60, 90 and 120 days, the reference mortar has a thermal
conductivity that is close to that of natural pozzolan-based composite mortars. At all ages,
adding natural pozzolan does not contribute to reducing the thermal conductivity of the
composite mortars as compared to that of the reference mortar.

However, there is a slight decrease in the conductivity values as a function of age, for different
mortars. These results corroborates with those obtained by Hamadache et al. (2014) and Laoufi,
(2015).

Note that at any age, the thermal conductivities of natural pozzolan-based composite mortars
modified with the polymer are lower than that of unmodified mortar (reference mortar).
Therefore, the incorporation of the Latex polymer into the cementitious mixture causes a
significant decline in the thermal conductivity.

The thermal conductivity of the composites (10; 0; 0.5) and (10; 0; 2), at 28 days, dropped by
18% and 47%, respectively, as compared with that of the unmodified mortar. This is certainly
due to the formation of the Tekweld polymer film.
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Fig 3. Evolution of thermal conductivity over time (Series I)

3.1.2 Effect of silica fume and polymer (Series II)

Figure 4 shows that the conductivity value of the silica-based mortar is slightly higher than that
of the control mortar; it tends to remain constant beyond the young age. The addition of silica
fume does not reduce the conductivity value. It can be assumed that the silica fume consists of
silica nanoparticles that infiltrate into the matrix to act as filler. Thus, the silica fume causes the
cementitious matrix to be impermeable, since the number of pores will decrease over time until
the stabilization of the cementitious hydration mechanism. On the other hand, it is observed that
the values of this conductivity decrease slightly with age, for the different mortars.

At 7 and 28 days, the conductivity of the composite containing 1% polymer (0; 5; 1) decreases
by 28 % and 35%, respectively, as compared to that of the unmodified mortar; on the other
hand, it can be noted that the conductivity decreases by 35% and 44%, respectively, relative to
that of the control mortar for 2% of polymer (0; 5; 2).
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In the longer term (90 and 120 days), there is a significant decline in the conductivity; it is of the
order of 41% for a substitution rate of 2% of polymer and about 36% for a rate of 1% of
polymer. This is due to the formation of the Tekweld polymer film.

The decrease in the thermal conductivity may be due to the effect of the latex on the total
porosity, which decreases (Belbachir, 2017). This porosity decline may be explained by the
clogging of pores by the latex film.
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Fig 4. Evolution of the thermal conductivity over time (Series II)

3.1.3 Effect of natural pozzolan, silica fume and polymer (Series III)

Figure 5 illustrates the variation of the thermal conductivity as a function of time. In the case of
mortars with additions, i.e. the pozzolan and silica fume, it is found that, at all ages, the mineral
additions do not contribute to the reduction of the thermal conductivity. On the contrary, an
increase was recorded at the young age (7 and 14 days).

The thermal conductivity values from this study are found to be slightly high for mineral-based
mortars. It is found that the higher the densities of the mortars containing SCMs, the higher the
thermal conductivity (See section 3.2). In addition, some studies (Demirboga, 2003) have
reported that the thermal conductivity increases with the density of the composite. The last
mentioned findings support our results.

The graphic illustration in the figure clearly shows the effect of the polymer on conductivity. It is
noted that conductivity decreases when the substitution rate increases.

It would therefore seem that polymer-mortar composites are poor thermal conductors since
their conductivity decreases as the polymer content increases. These results could be attributed
to the overall porosity of the cementitious matrix, to the density decline of the polymer-based
composite (lightness of the composite mortar), and especially to the formation of the polymer
film (Belbachir, 2017). These results corroborates with those obtained by Latroch et al. (2016).

On the other hand, knowing that air has a thermal conductivity 25 times lower than that of
water, it is clear that when the pores are filled with air (instead of water), the composite mortar
will have a lower thermal conductivity (Laoufi, 2015). The thermal conductivity decreases with
age and polymer content; this is due to the reduction in the density of the composite and to the
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increase in its air content. Benosman et al. (2017) reported that the increases in air content with
increasing polymer particles reduce the thermal bridges in the matrix and contribute to
improving composite insulation.

For the different ages mentioned, the two mortars containing 2% polymer, i.e. (10; 0; 2) and (0;
5; 2), undergo very significant reductions in their thermal conductivities as compared to that of
the control mortar and to those of mortars containing mineral additions, without latex. Their
thermal properties are therefore better.
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Fig 5. Evolution of the thermal conductivity over time (Series III)

As aresult, several authors (Aattache et al,, 2013; Benosman et al., 2013; Elalaoui, 2012a,b; Fu et
al, 1997; Latroch et al. 2016) reported that the thermal conductivity decreases as the polymer
content in the composite increases. Because, the thermal conductivity of the polymer is lower
than plain cement or SCMs. The findings of the present investigation are therefore consistent
with those reported by the above mentioned authors.

3.2. Correlation between thermal conductivity and density of the composite mortars

The corresponding relationship between thermal conductivity and density of the composite is
shown in Figures 6 and 7. The thermal conductivity A (W.m-1.K-1) decreases with decreasing
apparent density (g/cm3). The derived correlation is of the linear type: A = 1.438x - 1.3476
(which yields a correlation coefficient R2=0.9907) for the series I and A = 1.5419x - 1.5421
(which R2=0.9986) for the series II. The thermal conductivity of materials depends upon many
factors, including their structure, material mixture proportioning, type of aggregate inclusions,
density, porosity, etc (Benosman et al. 2017; Gouasmi et al. 2016). So, the decrease in thermal
conductivity is also related to the less density of the Tekweld polymer film content in the matrix
that results in less density. Consequently, this low density will allow the lightening of Tekweld-
modified mortar composites. The thermal insulating effect of Latex polymer is most attractive
and indicates a high and promising potential for development. These results corroborates with
those obtained by Latroch et al. (2016).
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4. Conclusions

The results obtained allow us to draw the following conclusions:

- The thermal conductivities of mineral-based Polymer-Mortar Composites, (10; 0; 0.5),
(10; 0; 2), (0; 5; 1) and (0; 5; 2), are lower than those of mortars without polymer,
hence the beneficial effect of Tekweld polymer on the thermal properties.

- On the other hand, the thermal conductivity values are found to be slightly high for
mineral-based mortars (without Tk polymer).

- The thermal conductivity decreases as the styrene polyacrylic (SPA) Latex content in
the composite increases. Because, the thermal conductivity of the SPA polymer is
lower than plain cement or SCMs.

- The decrease in the thermal conductivity may be due to the effect of the latex “SPA” on
the total porosity, which decreases. This porosity decline may be explained by the
clogging of pores by the latex film.

- The thermal conductivity decreases with age and polymer content; this is due to the
reduction in the density. It is found that the smaller the densities of the SPA polymer-
based composite mortars, the lower the thermal conductivity.

- The correlations and coefficients indicate a good linear correlation between thermal
conductivity and density in composites. Thus, incorporation of Tk polymer into the
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cement matrix reveals the ability of composites to provide a reliable level of thermal
insulation.
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