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Abstract. This study presents the results of sorption measurements and
analyzes their applicability in the determination of the moisture diffusion
coefficient in the porous media in which these processes occur. The test
involved three classes of autoclaved aerated concrete density: 500, 600 and 700.
The sorption processes under examination covered practically the whole
range of hygroscopic humidity from RH = 0% up to RH = 98%. The idea
of the experiment was to place dry samples of the tested concretes to 98%
relative humidity stimulated by the saturated water solution of K,SO,.
The tests were performed until weight stabilization of all samples, which
took about 10 months. On the basis of the results obtained, individual
diffusion coefficients were determined using two different calculation
procedures: the square root of time method and the logarithmic method.
The first method applies to the initial stage of the process, while the other
is used at its advanced stage. Both measurement methods were assessed
in terms of their applicability and compatibility.

1 Introduction

The processes of moisture transport in hygroscopic capillary-porous materials are very
complex and can be due to various mechanisms dependent on the moisture content [1].
At very low vapor pressures, porous materials normally do not transport moisture but only
absorb water molecules on the surface of the pores. The process occurs until a thin layer of
moisture covers the surface of the pores. After the absorption of the monomolecular or
(at higher moisture levels) polymolecular layer of moisture, water in the gaseous phase
starts to flow through the material. Although some of the smaller pores begin to be filled
with water in the liquid phase, initially they are isolated. With the increasing moisture
content, the flow of liquid-phase water is gradually gaining in importance as it becomes the
dominant mechanism when the so-called critical humidity level is exceeded.

The moisture diffusion coefficient D,, describes jointly all partial processes that
contribute to the global flow in a variable manner, depending on the moisture concentration
and the specific microstructure of the porous material.

The methods for the measurement of moisture transport coefficients within the
hygroscopic humidity range can be divided into stationary and non-stationary. Non-
stationary methods are based on the processes of sorption and desorption of moisture
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occurring in porous hydrophilic materials. Studies are usually carried out on samples that
provide a one-dimensional moisture flow. Most often they are disc samples isolated on the
side surface with a relatively small thickness to minimize the time required to reach the
state of moisture equilibrium. In the analysis of the processes of sorption and desorption
in works [2—6], two time intervals were selected covering respectively the initial and the
advanced process phase. In both cases, the process involves various mathematical
descriptions, which is the result of occurrence of different boundary conditions.

Based on measurements of kinetics of non-stationary moisture sorption and desorption
processes, various researchers using different methods could determine the diffusion
coefficients in building materials, e.g., in [6—17].

This article presents the results of studies over the non-stationary processes of sorption
of autoclaved aerated concretes of three density classes — 500, 600 and 700 — carried out in
the framework of the research paper [18]. Provided with data on the kinetics of these
processes, the moisture diffusion coefficients of the tested concretes were determined using
two calculation methods: the square root of time method and the logarithmic method.

2 Methodology used to determine diffusion coefficient

In work [19] the methods for the determination of the diffusion coefficient D,, were
described in detail for the initial and the advanced stage of the sorption and desorption
process. For the initial phase of the process, the \¢ method was proposed according to
which the diffusion coefficient can be determined from the initial slope of the mass change
curve Am, as a function of square root of time V. Conceptual scheme is shown in Figure 1.
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Fig. 1. Changes in sample mass Am, in the process of sorption in relation to V¢, [19].

Knowing the angle of slope of the rectilinear section on the graph Am, = f(\r), it is
possible to determine the diffusion coefficient D,, according to the following formula:
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The formula (1) can be transformed into (3), which is more practical in application:



E3S Web of Conferences 49, 00027 (2018) https://doi.org/10.1051/e3scont/20184900027
SOLINA 2018

L (3)
Dm = 4 Tonmz,

On the other hand, the method for the advanced stage of the process proposed in [19]
was based on the logarithmic principle according to which the diffusion coefficient can be
determined from the slope of the rectilinear section of the curve In(1-Am/Am,,)
as a function of time ¢. Conceptual scheme is shown in Figure 2.
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Fig. 2. The function variation curve In(1-Am,/Am,,,.) = f¢), [19].

Knowing the slope a,, of the rectilinear section, the diffusion coefficient D,, can be
calculated according to the following formula:

d2
Dm = _alnp (4)
where:
Am,
In (1 Ammax) +0.21 )
Ain = t

3 Sorption measurements

This article presents an examination of autoclaved aerated concrete with density classes
500, 600 and 700. Sorption measurements were carried out on samples with surface area of
6x12 cm and thickness of approx. 1 cm. 34 samples from each class of concrete were
prepared.

First, the samples were inventoried in terms of geometric dimensions and then dried to
constant weight at 105°C using a laboratory drier. After drying, the samples were weighed
using scales with accuracy of £0.001 gram, then insulated on the side surfaces and again
dried at 105°C to constant weight.

The samples were placed on stands in specially prepared sealed containers at the bottom
of which saturated aqueous solutions of LiCl, MgCl,, Mg(NO;),, NaNO,, NaCl, KCI and
K,S0y, salts were located. The relative humidity values above the saturated salt solutions in
the equilibrium state were established on the basis of [20-23].

Measurements of sorption consisted in recording the changes in the weight of the
samples. The sorption processes were initiated by exposing dry samples to air of different
humidity levels. The samples were stored at 20°C and exposed to humidity according to the
following pattern: 0—11%, 0—33%, 0—54%, 0—65%, 0—75%, 0—85%, 0—98%.
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Initially, measurements were performed every 6 hours, then every 12 hours. After the
sorption process had slowed down, the samples were being weighed every 48 hours,
gradually increasing the intervals between the measurements. The entire experiment lasted
a total of 10 months.

Figure 3 shows graphs of the sorption kinetics for the widest range of all studied
humidity levels ¢ =0—98%. The figures 3a), 3b) and 3c) include kinetics curves
designated for four samples of each class tested for about 7,000 hours in the assumed
climatic conditions.
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Fig. 3. Kinetics sorption curves Am,/2P = () designated for: a) AAC500, b) AAC600, c) AAC700.
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4 Results

4.1 Determination of the diffusion coefficient using the 't procedure

The first step was to determine the moisture diffusion coefficients using the V¢ method.
For this end, mass changes in the square root of time function were represented in graphs
and sections of rectilinear course were assigned.

The selected sections of rectilinear function behavior Am, = f(\¢) are shown in figures 4,
5, 6 presenting the results obtained for individual samples of the examined density classes:
500, 600 and 700 kg/m’.
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Fig. 4. Assigned sections of rectilinear course of the Am, = f(\f) dependency reconstructed
for class 500 samples examined in the sorption process at 7= 20°C and ¢ = 0—98%.
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Fig. 5. Assigned sections of rectilinear course of the Am, = f(\f) dependency reconstructed
for class 600 samples examined in the sorption process at 7= 20°C and ¢ = 0—98%.
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AAC 700

30 ¥=0.1242x+ 0.6579
28 ¥ = 016063+ 0.6045 Ri=0.999

26 R*=0.9947
24
22
20
18
1.6
14
12
1.0
0.8
0.6
0.4
02
0.0

0.0 20 40 6.0 8.0 10.0 120 14.0

Amy [g]

v =0.1183x + 0.6917
R?=0.9981

y=0.1182x+0.7002
R*=0.999

Vt [vh]

Fig. 6. Assigned sections of rectilinear course of the Am, = f(\/t) dependency reconstructed
for class 700 samples examined in the sorption process at 7= 20°C and ¢ = 0—98%.

Table 1 shows the singular average values of moisture diffusion coefficients for the

analyzed classes of autoclaved aerated concrete determined for the sorption process using
the V¢ method.

Table 1. The singular results and average values of the moisture diffusion coefficients D,, [m*/s],
determined from the sorption process using the ' method.

0 (%) Sample AAC 500 AAC 600 AAC 700
0-98 Sample 1 1.70-107" 3.91-10" 0.92-10"2
0-98 Sample 2 | 2.94-107" 1.89-107" 0.96:10"2
0-98 Sample 3 | 2.47-10" 1.55-107" 1.04-10"2
0-98 Sample4 | 2.93-10™ 1.34-107"2 1.95-10"2
0-98 Average | 2.51-107" 2.17-10 1.22:10™"

4.2 Determination of diffusion coefficient using the logarithmic procedure

The second step was to determine the diffusion coefficients D,, using the logarithmic
method. With this aim, graphs of changes as a function of time In(1-Am,/Am,,,,) were drawn
up and sections of rectilinear course were determined of which values of the coefficient a,,
were read off. The assigned sections of rectilinear function behavior In(1-Am/Am,,,.) = f(¢)
are shown in figures 7, 8, 9 presenting the results obtained for individual samples of the
examined density classes: 500, 600 and 700 kg/m’.
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Fig. 7. Assigned sections of rectilinear course of the dependency In(1-Am/Am,,,.) = f(t) represented
for class 500 samples examined in the process of sorption at 7= 20°C and ¢ = 0—98%.
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Fig. 8. Assigned sections of rectilinear course of the dependency In(1-Am,/Am,,,.) = f(f) represented
for class 600 samples examined in the process of sorption at 7= 20°C and ¢ = 0—98%.
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Fig. 9. Assigned sections of rectilinear course of the dependency In(1-Am,/Am,,,.) = ff) represented
for class 700 samples examined in the process of sorption at 7= 20°C and ¢ = 0—98%.
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Table 2 lists the particular and average values of the moisture diffusion coefficients for
the analyzed classes of autoclaved aerated concrete determined for the sorption process
using the logarithmic method.

Table 2. The particular results and average values of the moisture diffusion coefficients D,, [m%/s],
determined for the sorption process using the logarithmic method.

0 (%) Sample AAC 500 AAC 600 AAC 700
0-98 Sample 1 | 2.37-10™" 3.35-10™ 2.07-10"2
0-98 Sample2 | 2.76:10™ 2.79-107"2 2.02-10"2
0-98 Sample3 | 2.65-10™ 2.52-107"2 1.88-107"2
0-98 Sample 4 | 2.64-10™ 2.29-107"2 2.47-102
0-98 Average | 2.60-10™ 2.74-10" 2.11-107"2

5 Conclusions

The results of non-stationary sorption measurements obtained in the framework of [18]
have shown that both the V7 procedure as well as the logarithmic procedure allowed for the
determination of unambiguous values of diffusion coefficients D,, in terms of the widest
range of humidity, i.e. 0—98%.

In order to show the relationships between the mean diffusion coefficients of individual
classes, an overview was drawn up, shown in Figure 10.
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Fig. 10. The relationships between the mean diffusion coefficients of individual classes.

Diffusion coefficients determined using both methods show the lowest differences in
AACS500, higher differences in AAC600 and the largest differences in the case of AAC700.
A homogenous trend in each density class was observed — the \f method always provides
lower values of the diffusion coefficient compared to the logarithmic method.

The results show that the extent of discrepancies grows with the increasing material
density. The ratio D,,(In)/D,,(\7) is 1.04 for AAC500, D,(In)/D, (Vi) reaches 1.26 for
AAC600 and equals to 1.73 for AAC700.

Therefore, it can be assumed that with lesser density autoclaved aerated concretes
(AAC500, AAC600) there is possibility of interchangeable use of both the V¢ procedure and
the logarithmic method. In such a case, the discrepancies should not exceed 30% which is
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acceptable in terms of humidity measurements — which are difficult to attain, especially at
high humidity. In the case AAC700, however, the extent of discrepancies in D,,(\7) and
D, (In) excludes using both methods interchangeably.

A comparative analysis of individual classes should be based on the V¢ procedure which is
characterized by higher precision, given the fact that it allows to cover a greater number of
measurement points. Comparing the coefficients determined by means of this method, we
find a significant effect of the structure within the same material group. In summary, the 700
AAC is characterized by the lowest diffusion coefficient while the 500 AAC has the highest
value of diffusion coefficient. Coefficients D,,(\7) are in the following mutual proportions:
D so6(NO/Dgoo(Nt) = 251217 = 1.16, Dy soo(NO/Dproo(NE) = 2.17/122 = 1.78,
D,, 5,)()(\/t)/Dm,700(\/t) = 2.51/1.22 = 2.06. Therefore, the increasing density of AAC involves
a significant reduction of values of parameters describing the processes of moisture
transportation within the partition wall. It seems to be crucial to select proper types of porous
concrete for particular applications, having in mind potential moisture conditions.
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