E3S Web of Conferences 274, 04008 (2021) https://doi.org/10.1051/e3sconf/202127404008
STCCE - 2021

Study of the dependence of equilibrium
sorption humidity of heat-insulating products
on temperature

Artem Petrov 1* [0000-0001-6643-9110]’ and Valerij Kupriyanov 1[0000-0002-9862-4326]

Kazan State University of Architecture and Engineering, 420043, Zelenaya st., Kazan, Russia

Abstract. The desiccator method for products like mineral wool has a low
accuracy, which is due to the small mass of the samples and the uneven
content of the binder between the samples. The standard method does not
involve testing materials at different temperatures. However, the value of
sorption moisture depends not only on the nature and structure of the
material, but also on the temperature conditions. At the moment, the
regularities of changes in the sorption moisture content of materials
depending on the air temperature have been studied only in separate
scientific works and do not cover the entire spectrum of modern building
materials. The paper presents the results of a study of the sorption moisture
content of modern mineral wool products at various temperatures above 0
°C. The results show an increase in sorption humidity with decreasing
temperature from 22 °C to 0 °C. The greatest increase in humidity occurs at
values of relative air humidity in the range of 90-97 %. It is shown that the
standard desiccator method for studying sorption moisture requires
scientific development and increased control of test conditions with
decreasing temperature.
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1 Introduction

In thermal calculations, the moisture content of materials plays a significant role in heat
transfer. The thermal conductivity of the material will depend on the sorption moisture [1-
5]. For this reason, the protective properties of the enclosing structures may decrease. A
number of works are devoted to the study of the protective properties of enclosing
structures, taking into account solar radiation and electromagnetic radiation [6-11].
Experimental sorption isotherms make it possible to determine the moistening of structural
materials with sorption moisture, and can also be used to study the porous structure of
materials [12]. These characteristics are successfully used to predict the properties of
materials of enclosing structures during operation [13-19]. Obtaining experimental sorption
isotherms at the current moment is associated with a number of ambiguities. The standard
technique for measuring the sorption moisture content of materials is based on GOST
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24816 (Building materials. Method of equilibrium hygroscopic moisture determination).
According to this technique, the sorption moisture is measured by the desiccator method at
a constant temperature of 20 °C. The desiccator method for products like mineral wool has
a low accuracy, which is due to the small mass of the samples and the uneven content of the
binder between the samples [12]. The standard method does not involve testing materials at
different temperatures. However, the value of sorption moisture depends not only on the
nature and structure of the material, but also on the air temperature. At the moment, the
regularities of changes in the sorption moisture content of materials depending on the air
temperature have been studied only in separate scientific works [20-25] and do not cover
the entire spectrum of modern building materials.

The paper presents the results of a study of the sorption moisture content of modern mineral
wool products at various temperatures above 0 °C.

2 Materials and methods

The study of sorption moisture was carried out for mineral wool products made of stone
fiber of different density, table 1.

Table 1. Characteristics of the investigated materials

Ne legn/“:g > | Insulation plate brand Manufzrlgglrliari;go;e:hnical Manufacturer

1 35 Light Batts Scandic 5762-050-45757203-15 Ltd «Rockwool»
2 100 Roof Batts N Combi 5762-050-45757203-15 Ltd «Rockwool»

3 120 Technofloor Standard | 5762-010-74182181-2012 | «TECHNONICOL»
4 170 BASWOOL Roof B 5762-001-80015406-2010 Ltd «Baswool»

Compositions consisting of water-soluble synthetic resins, modifying, hydrophobizing,
dedusting and other additives are used as a binder in the production of plates. The content
of the organic binder based on phenol-formaldehyde resin is 4—4.5 %.

The test was carried out in accordance with GOST 24816, with the difference that the
samples of materials were additionally tested at 20 % relative humidity. Thus, the samples
of materials were tested under 6 conditions of humidity (20 %, 40 %, 60 %, 80 %, 90 %, 97
%) at air temperature of +0.5, +6 and +22 °C. For each condition, 3 samples of the same
density were tested. Before testing, each sample was dried in a drying oven at a temperature
of 60 °C until a constant weight was established. To create a certain relative humidity in the
desiccators, an aqueous solution of sulfuric acid of various concentrations was used.

Fig. 1. General view of samples and test equipment used
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To maintain constant temperature conditions, the desiccators were placed in a thermostated
chamber. Additionally, the temperature and relative humidity of the air were recorded by
the measuring complex «Terem-3.2y, the sensors of which (DTG-2.0) were fed through the
hole in the desiccator lid, photographic recording, Fig. 1.

3 Results and discussion

After reaching the equilibrium sorption moisture content of mineral wool, the results were
calculated as the arithmetic mean of the tests of three samples. The test results are presented
in the form of material sorption isotherms for each density in Figure 2. It can be seen that as
the temperature decreases from 22 °C to 0.6 °C, the sorption moisture content of the
materials tends to increase. In this case, the increase in sorption moisture mainly occurs in
the range of relative humidity from 90 % to 100 %. At humidity values below 90 %, the
sorption moisture content of the materials practically did not change with decreasing
temperature. An exception is the material of mineral wool with a density of 170 kg/m?
produced by Ltd «Baswool», where an increase in sorption humidity with a decrease in
temperature occurs in the entire range of the investigated air humidity.
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Fig. 2. Isotherms of sorption of mineral wool products from stone wool of different density at
different temperatures.

It should be noted that insignificant changes in the sorption moisture content in the range
below 90 % can be associated with the limited accuracy of the desiccator method, the
disadvantages of which are highlighted above. The regularities of changes in the sorption
moisture content of a material with a density of 170 kg/m? from other investigated materials
are most likely explained by the use of a different type of binder at the production stage.
However, this assumption requires scientific research, where the sorption moisture should
be determined separately for fiber and binder, as, for example, in [12]. So, according to
article [12], the equilibrium moisture content of staple glass fiber without a binder is 0.0029
kg/kg, which is 66 times lower than these indicators for a phenol-formaldehyde binder
0.192 kg/kg (data are given for a relative humidity of 80 %). The studied samples of
mineral wool are treated with hydrophobizing additives, therefore, the sorption moisture
content of the fibers themselves is ten times lower than the binder itself [12].

A significant increase in sorption humidity with a decrease in temperature for values of
relative humidity of 97 % can be associated with condensation processes as an additional
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mechanism of humidification. A slight change in the relative humidity from 97 % upwards
leads to a sharp increase in the sorption moisture content of the material. So, according to
studies [26] in the range of relative humidity from 97.0 % to 98.2 %, the sorption moisture
content of mineral wool will be equal to 1.77 % and 17.43 %, respectively. That is, an
increase in the relative humidity in the desiccator by at least 1.2 % can lead to a change in
the result of the sorption humidity test by an order of magnitude. Such an accurate control
of the relative humidity with a decrease in the air temperature in the desiccator method is
problematic, in view of the small temperature fluctuations in the thermostated chamber and
the uneven distribution of the relative air humidity throughout the desiccator volume. In
this regard, the desiccator method for studying the sorption moisture content at different
temperatures requires improvement.

4 Conclusion

Analysis of the obtained isotherms of sorption of mineral wool insulation of various brands
suggests an increase in their moisture content when the temperature drops from 22 °C to 0
°C. The greatest increase in humidity occurs at values of relative air humidity in the range
0f 90-97 %. It is shown that the standard desiccator method for studying sorption moisture
requires scientific development and increased control of test conditions with decreasing
temperature. Since even a slight increase in the relative humidity of air above 97 % in the
desiccator can change the percentage of sorption moisture content of the material by an
order of magnitude.
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