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Abstract: The contact sponge method is applied on a piece of clay brick. According to the standard,
the sponge is moistened with water, applied on the surface of the material by means of a cup, and
weighted before and after the application. It allows us to determine the amount of water absorbed
by the porous material by unit area and unit time. After the application, the moistened area begins
to evaporate and cool down. The IR camera is used to monitor the temperature variation of the
imprint of the sponge. Meanwhile, moisture diffuses on the material as well. The IR camera is used
to monitor the in-plane diffusion of moisture by following the imprint of the sponge that enlarges
with time. A suitable model is used to evaluate the shape of the imprint that varies with time.

Keywords: contact sponge; IR thermography; moisture diffusion

1. Introduction

InfraRed Thermography (IRT) is one of the preferred instruments for the qualitative
monitoring of humidity in buildings. The use of IRT for such tasks has been reported since
the 1980s [1,2]. Because of the high latent heat that characterizes the phase change from lig-
uid to vapor (>2 MJ-kg 1), the evaporation of water from the surface of a porous materials
(bricks, stones, plasters, etc.) takes a considerable amount of heat, with a consequent de-
creasing of the surface temperature. IRT can easily identity such a decreasing phenomenon
thanks to its imaging capability, and without any contact. Despite such apparently easy
monitoring, attempts to make IRT a quantitative instrument for humidity evaluation have
not succeeded up to now. On the other hand, a reliable instrument for this task is yet
to come [3,4]. The solution of the coupled problem of heat and mass transfer, connected
with the simultaneous diffusion of water and heat (the latter being the consequence of
the perturbation generated by the evaporation), is of the highest difficulty. Some partial,
simplified approaches have been proposed in the past. One of them considers the effect of
water that penetrates into the pores of the material by the increasing of its effective thermal
inertia. To test this change in the thermophysical properties, an active thermography
approach is used [5,6]. Other techniques have been proposed to enhance the evaporation
effect in such a way as to make the presence of water more evident. This is performed,
e.g., by a controlled forced ventilation [7]. Another procedure considers a reference area,
representing extreme evaporative conditions. The first is prepared by moistening at the
saturation level, while the second is covered with a plastic film to inhibit any evaporation.
Any other zone is referred to by those limit conditions [8]. Finally, considering the band of
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TeraHertz, new techniques to identify and quantify humidity content in porous materials
are gaining interest [9]. Recently, the contact sponge method [10,11] was proposed. Its easy
applicability in situ is attracting the attention of restorers more and more [12,13]. It consists
of applying a humid sponge to the surface of a material in a controlled way. Ludwig et
al. [14,15] proposed to apply IRT to monitor the localized decrease in temperature, due
to the evaporation of water released by the contact sponge. In the present work, a model
is applied to interpret the sequence of IR images collected during the experiment. The
outcomes can be connected and related to the permeability and porosity of the material
under test.

2. Modeling

The contact sponge method is based on very simple and cheap instrumentation: one
plastic cup, one sponge, a balance, and demineralized water. First, the sponge is weighted
after being placed deeply in the water. Then, it is introduced into the cup and pressed
manually on the material under test. The thickness of the sponge is slightly greater that
the cup. Typically, the cup is a cylinder, closed on top, with diameter of around 6 cm and
height 1 cm. The sponge has same diameter and a slightly higher height (let us say a couple
of millimeters more). The cup, with the humid sponge inside, is pressed on the material.
This action, which is reproducible, squeezes the sponge, releasing water on the surface.
After a predefined amount of time (e.g., one minute), the sponge is removed. The amount
of water absorbed by the surface of the material is given by weighting the sponge again,
after the application. The following equation gives the amount of water absorbed by the
porous material per unit surface and unit time:

mi—mf

Wo =275

@
where W, is the water absorbed per unit area and unit time, m; and m ¢ are initial and final
weights of the sponge, respectively, A is the area of the sponge, and 4t is the time of contact
between the sponge and the material.

After the sponge removal, IRT can monitor the surface of the specimen. In correspon-
dence of the area where the sponge was applied, a decrease in temperature is clearly visible
due to the strong evaporation effect. Moreover, the diffusion of water through the pores
of the material (eventually coupled with the heat conduction as a consequence of the heat
sink due to the evaporation) can be monitored by collecting a sequence of IR images (see
Figure 1).

Figure 1. The application of the contact sponge (top-left) and some IR images at successive time intervals.

The differential equation that describes the diffusion process is similar for heat con-
duction and water diffusion, from the mathematical point of view. Temperature or heat
flux distribution, in space and time, are the solutions of the heat conduction equation,
while mass flow is the solution of the water diffusion equation. Therefore, we propose to



Eng. Proc. 2023, 51, 41

30f5

apply solutions available for the heat conduction to solve the water diffusion problem. For
example, to estimate thermal diffusivity one can use the method introduced by Philippi
et al. [16]. Here, the method proposed by Cernuschi [17] is followed: an increase in the
radius of the humid zone imprint, which appears in the IR image as a lower temperature, is
measured in time. Water diffusivity is supposed to be the slope of the square of the radius
of the circular zone, which is a linear function of time, as in the following equation:

x2+y2

T(t) = A(t) xe Rotw! ©)

where A(t) is the amplitude of the Gaussian function depending on time ¢, x and y are
spatial coordinates, Ry is the radius of the imprint (radius of the sponge) at time ¢ = 0,
and aypy is the diffusivity of water to be estimated. Figure 2 shows, on the left, the fitting
of Equation (2) with the data, and on the right, the fitting of the square of the radius as a
function of time, with the slope representing ayy.
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Figure 2. On the left, the fitting of Equation (2) with the temperature data; on the right, the fitting of
the square of the radius of the humid zone imprint, increasing with time. The slope is ay.

3. Results

Two tests were performed, at an interval of one month, on two different clay bricks
extracted from an old building. Other two tests were performed (at the same time interval
of one month) on three different new bricks that are currently used in buildings to imitate
the characteristics of the old ones and conceived to replace the old in cases of refurbishment.
Table 1 reports the results obtained from the different tests.

Table 1. Water diffusivity results. Test runs #1 and #2 were carried out at a time interval of one month.

Test Test Run # Water ]ﬁfzf:fil"ity fw Ul;clir:a_ii‘ v
Old brick #1 #1 1.81 x 108 49 x107°
Old brick #1 #2 9.30 x 10~ 4.1 %1079
Old brick #2 #1 1.83 x 1078 9.2 x 1079
Old brick #2 #2 1.84 x 108 6.1 %1079
New brick #1 #1 251 x 1078 3.6 x 1077
New brick #1 #2 8.40 x 10~? 3.9 %1077
New brick #2 #1 3.13 x 108 25x 1077
New brick #2 #2 1.32 x 1078 1.5 x 107?
New brick #3 #1 248 x 1078 5.0 x 1079
New brick #3 #2 3.54x 1078 3.8 %1077

It is worth mentioning the thermophysical parameters typical of the materials used.
They are reported in Table 2. Thermal conductivity was measured by Hot Disk TP52500
apparatus, the specific heat by SETARAM MICROCALVET DSC, and the density by weight
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and volume ratio. It is noticeable that the thermal diffusivity is more than one order
of magnitude greater than the water diffusivity. This allows us to state that the two
phenomena work at different time scales and, therefore, they can be estimated separately.
The values obtained in Table 1 for water diffusivity are compatible with those obtained by
Pel and coauthors [18].

Table 2. Thermal properties of the fired clay brick used in the experiment.

Thermal Conductivity Specific Heat Density Thermal Diffusivity
Wm~1K! Jkg7 1K1 kg m—3 m?s1
0.56 £1.9% 783 +1.9% 1466 £ 0.6% 491 x 1077 +£2.7%

4. Conclusions

The adopted model seems to be able to follow the water diffusion in space. The results
are consistent with the literature. The permeability of the material and information on
its porosity will be connected to water diffusivity in future works. New experiments are
planned on different porous materials.
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