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h i g h l i g h t s

� Additives for mortars based on fatty acid soaps.
� Method for reducing the water absorption in lime cement-mortars.
� Effect of the microstructure on the mortar water absorption.
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a b s t r a c t

Different additives based on Na oleate, Na oleate – Ca stearate and Al stearate were used in two different
quantities (0.15 %w/w and 0.30 %w/w of the solid amount) to enhance the waterproofing effect of mortars.
From capillary water absorption test, Na oleate showed the better performance with a reduction of water
absorbed of 86% in comparison with the reference mortar. The microstructure showed the presence of
microcavities ranging between 0.01 mm and 0.2 mm, due to air bubbles trapped during the mortar prepa-
ration for the surfactant effect of Na oleate. The presence of a higher amount of pores (210 mm3/g vs.
175 mm3/g) was confirmed by the Hg porosimetry. Moreover a reduction of the carbonation rate for
the presence of additive was verified.

� 2016 Elsevier Ltd. All rights reserved.

1. Introduction

In recent decades, the apparent acceleration in the rate of build-
ing decay and the growing worldwide interest in preserving struc-
tures are promoting a significant increase in the studies of their
protection [1]. It is well known [2] that masonry materials such
as stones, bricks, concrete, mortar and plaster, with high porosity,
undergo degradation processes due to the action of pollutants pre-
sent in the atmosphere carried by rain or by moisture condensation
[3].

Therefore the penetration of water inside the mortars porous
matrix can be a source of a number factors which promotes the
decay and the deterioration of the materials. Among these pro-
cesses it is worthwhile to recall that during the water freeze/thaw
cycles, mechanical stresses can arise inside the porous matrix lead-
ing cracks development [4]. Besides, water is a source of biodegra-

dation processes due to the growth of biological organisms that
can proliferate inside the aqueous phase.

To reduce the degradation process a number of studies was car-
ried to clarify scientific and technological features of this problem.
The hydrophobic treatment of mortars is one of the most impor-
tant interventions usually adopted [5].

A great number of papers [6,7] was devoted to prove the effi-
ciency of different hydrophobic substances from a technological
point of view, however there are still unexplored area of investiga-
tions concerning their mechanisms of action and effectiveness.
This is not a surprising due to the complex nature of the investi-
gated systems and to the many interactions that can be established
between the hydrophobic products and the mortar compounds.

Metallic soaps are popular as waterproofings [8–12] due to
their low cost and effectiveness.

In order to clarify their role on the mortars wetting complex
phenomena, the influence of different soaps on the lime-cement
mortars micro-structure will be considered in the present paper.
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To do this, water capillary penetration and the water evapora-
tion tests were carried out in mortar, with and without additives.

It is well know that, during the mortar drying period, calcium
carbonate formation in the mortar and particularly at the surface
is catalyzed by the presence of water [13]. It is interesting to study
whether or not the additives modify the carbonation process.
Moreover, the cement Portland component hydration can be
affected, directly or indirectly, by the hydrophobic additives.
Thermal-gravimetric measurements, porosimetry and electronic
microscopic analysis were performed to evaluate the effect on
the microstructure of the mortars.

2. Material and methods

2.1. Materials and preparation of samples

Portland cement (CEM II/A-LL 42.5 R), hydraulic lime and quartz sand (density
2.68 g/cm3, granulometry distribution: <0.063 mm 0.7%, <0.25 mm 28%, <1 mm
99%) were used for the mortar preparation.

Hydrophobic additives, Na oleate (NO), Na oleate – Ca stearate (NOCS) and Al
stearate (AS) were used in two different quantities, corresponding to 0.15 %w/w
and 0.30 % w/w of the solid amount.

The powders (11 % w/w of cement, 8 % w/w of lime, 81 % w/w of sand and a sin-
gle kind of additive) was mixed for 30 min in a cylindrical container of 0.4 dm3, roll-
ing at 120 rpm, then regular water (pH = 7.52, solid residue at 180 �C = 265 mg/l,
Ca++ = 50.3 mg/l, Na+ = 6.0 mg/l) with water/solid ratio equal to 0.22, was added
to the solid mixture and manually mixed with a spatula for 3 min at room temper-
ature. The fresh mortar was introduced in cylindrical polystyrene molds (5 cm in
diameter � 0.7 cm) and compacted. The shape and the dimension of these ‘‘flat”
samples were chosen for practical use as well as to simulate the renders both in
the thickness and in the conditions of setting and hardening. The samples were
stored for 28 days in a ventilated chamber at 70% RH at room temperature.

2.2. Characterization techniques

2.2.1. Capillary water absorption test
The wetting behaviour was studied in terms of the capillary water absorption

using a gravimetric sorption technique [14]. Each specimen (5 cm in diame-
ter � 0.7 cm) was laid on a filter paper pad, about 1 cm thick, partially immersed
in deionised water. The amount of water absorbed by capillarity was determined
by weighing the specimen after 10, 20, and 30 min and 1, 2, 4, 8, 24, 48, 72 and
96 h, to obtain the wet specimen mass, Mi (M ± 0.01 g).

The amount of absorbed water (Dw/S) at the time (ti) per unit of surface (S in
cm2), is defined as:

ðDw=SÞ ¼ ðMi �M0Þ=S ð1Þ

where Mi is the wet specimen mass (in grams) at the ti time (in min.) and Mo is the
dry specimen mass (in grams), at the beginning of the test. The Dw/S values versus
the time (min.) were plotted as capillary absorption curves.

The angular coefficient of the first part of the curve (i. e. the initial rate of
water absorption) enables to evaluate the Capillary coefficient C expressed in
kg/m2�min0.5.

2.2.2. Evaporation test
The tests were carried out on saturated specimens resulting from capillary tests.

The evaporation test [15] was carried out in a desiccator at a constant water vapour
pressure of about 1.3 mbar, kept by silica gel at 23 ± 0.5 �C. The amount of evapo-
rated water was determined by weighing the specimen after 10, 20, and 30 min
and 1, 4, 6, 8, 24, 48 h, to obtain the dry specimen mass, Mi (M ± 0.01 g). The time
to complete the tests was reduced as much as possible to minimize the influence of
water condensation (adsorption) on the samples.

At the end of the test the samples were dried in oven at 50 �C ± 2 �C, to reach
constant mass (Mf).

The amount of evaporated water (DP%) at the time (ti) is defined as:

DP% ¼ ½ðMi �Mf Þ=Mf � � 100 ð2Þ

where Mi is the wet specimen mass (in grams) at the ti time (in minutes) and Mf is
the dry specimen mass (in grams) at the end of the test. The DP% values versus the
time (min.) plot the evaporation curve.

2.2.3. Morphological characterization
Morphological features of the mortar with and without additives were observed

in the external surface and in the internal section of the samples. Scanning electron
microscope Hitachi S-2500 was used. SEM images were recorded using the Second-

ary Electron (SE) detector at different magnifications of 50�, 100�, 400� and up to
2000�. Samples were observed after coating using a Polaron CC7650 carbon coater
to increase the conductivity of the samples.

2.2.4. Air entraining measurements
The measurements of air occluded in the mortar matrix during the mixing was

measured according to the standard method [16]. 40 ml of fresh paste were inserted
in a graduated cylinder of 100 ml, then the cylinder was filled until 50 ml with a
solution of water and ethanol (60 v/v% in alcohol). The cylinder was reversed man-
ually 20 times to remove the trapped air bubbles from the paste and disperse the
solution in the paste, then the liquid level was measured. The operation was
repeated until the liquid level between two subsequent reversing operations
remained constant.

2.2.5. Mercury intrusion porosimetry
Mercury porosimeter measurements (MIP) were made to determine the open

porosity in the range 0.0075–100 lm according to Washburn equation. A single
block of 0.15 g of mortar, obtained by sawing the cylindrical sample, was dried at
70 �C for 24 h and placed in a glass dilatometer of 15 cm3 with a capillary tube of
3 mm in diameter. After a degassing time of 15 min the sample was submitted to
macropore determination and successively to the high pressure unit. The apparatus
was a Pascal 140 for the low pressure and a Pascal 240 for the high pressure mea-
surements until 202 MPa produced by Thermo scientific.

2.2.6. Thermogravimetric experiments
The focus of the Thermal Gravimetry (TG) and of the Differential Thermal Anal-

ysis (DTA) was to establish the carbonation degree along the depth of the mortar
samples with and without additives.

To obtain this goal, the stored dried samples were cut at three different depths.
About 50 mg of powder from each level were placed in alumina crucible inside the
furnace of TG apparatus (Netzsch) in air. The heating rate was set at 10 �C/min from
20 �C up to 750 �C in air. The sensitivity of the TG was set at 10�2 mg.

3. Results and discussion

3.1. Effects of additives on the formation of mortars microstructure

Hydro-repellent additives produced from renewable and natu-
ral source based on oleates and stearates salts present a water sol-
ubility depending on the length of the organic chain, on the
presence of unsaturated bonds and particularly on the cations type
[17]. For instance, sodium stearate is water soluble, whereas cal-
cium, aluminum or zinc stearates are really insoluble compounds.
The same is true for sodium oleate (highly soluble) when compared
with calcium oleate (a very insoluble compound [9]).

The introduction of certain additives such as surfactants in mor-
tars increases the amount of air mechanically trapped into the
mixture, due to a decreasing of the liquid phase surface tension
in the slurry or to the introduction of fine insoluble additive parti-
cles that transport air into the slurry.

The measurements of air included into the fresh cement paste
provided the following results: 11 %v/v of air for the sample con-
taining NO as additive, 6 %v/v for the samples with NOCS and with
AS and 4-5 %v/v for the mortar paste without additive (reference
sample).

Fig. 1 (A, B, C and D) shows a typical view of the internal frac-
ture surfaces corresponding to the reference mortar (A), NO mortar
(B), NOCS mortar (C) and AS mortar (D), containing 0.30 % w/w of
additive.

It is possible to observe in NO mortar the presence of spherical
cavities with diameter ranging between 0.01 and 0.2 mm. These
features were not observed in the reference sample (Fig. 1A). These
cavities were typically created by air bubbles trapped in the paste
during the mortar preparation. This air entraining was caused by
the foaming effect of Na oleate especially at the beginning, succes-
sively the chemical reaction between calcium ions and Na oleate
chains produced a calcium insoluble soap, without surfactant
properties.

Closer observation at enlarge magnification, see Fig. 2 (A, B and
C), shows that the internal surface of these bubbles is intercon-
nected with the smaller pores in the network matrix of Portland
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