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Abstract. This article describes results of modelling of heat treatment of 
mineral wool blanket. The properties of mineral wool products are largely 
determined by the conditions of heat treatment, which is carried out by 
suction of the heat carrying agent through a layer of mineral wool blanket. 
The choice of technological parameters and optimization solutions 
determines both the energy costs of manufacturing mineral wool products 
and their properties and the stability of these properties over time when used 
in structures. Optimizing the heat treatment parameters of a mineral wool 
blanket is a labor-intensive and time-consuming task. The development of 
accelerated methods based on the analysis of the results of previously 
conducted and new studies can significantly reduce the time for choosing 
technological parameters, as well as increase the reliability and adequacy of 
decisions. 

1 Introduction 
The current level of technological development, including the construction industry, shows 
the interconnection of energy efficiency and environmental sustainability, which become the 
criteria for modern innovative development of the Russian economy. In the field of 
construction technologies, the issues of energy conservation, environmental protection, 
optimization of energy costs in the production and use of building materials, increasing the 
operational resistance of materials, and, consequently, the durability of structures have 
become very relevant [1–4]. 

One of the ways to solve these problems was the introduction of building systems based 
on the use of effective heat-insulating materials. The most widely used group of thermal 
insulation materials are mineral wool products. Most of these products are non-combustible 
(NG group according to GOST standards) or belong to the G1 group; have low density and 
thermal conductivity [5–8]. 

At the same time, the stability of properties and the operational stability of products from 
mineral wool are largely determined as features of the technology of their manufacture, 
properties of mineral fibers. Mineral fiber products are made on a synthetic binder, inherently 
two-component, and in the case of the use of a water repellent agent - three-component. The 
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final properties of the products depend on the interaction of these components (without taking 
into account the synergetic effects of this interaction) [9–12]. 

First of all, the properties of products are determined by the uniform distribution in the 
mineral wool blanket and curing of the binder, as well as parameters and conditions of its 
heat treatment. Monitoring of existing plants showed that the main problems of creation of 
products from mineral wool are incomplete polycondensation of the binder in the material, 
uneven curing of the binder in the area and thickness of the mineral wool blanket, and energy 
overrun for heat treatment of the blanket. The periodic occurrence of force majeure due to 
the ignition of a mineral wool blanket in heat treatment chambers should be also noted. 

2 Experimental 
To optimize the parameters of heat treatment of mineral wool blanket, increase the uniformity 
of its heating and minimize technological errors, studies were conducted. The main task was 
to identify the main dependences of the heat carrying agent passing through the matrix of the 
mineral wool blanket and to construct a mathematical model based on experimental data. 

The mineral wool blanket was heat treated by suction of the heat carrier (air heated to 
200–240°C) through the blanket layer. In this case, moisture is evaporated from the blanket 
and the binder is cured [13–16]. The purpose of the heat treatment is to stabilize the structure 
of the blanket by curing the binder, which occurs as a result of polycondensation reactions. 
Factors such as replacing mesh conveyors with lamellar conveyors and changing the density 
of a mineral wool blanket have a significant effect on the aerodynamics of heat treatment. 
This must be taken into account when designing the design and operating modes of the 
camera. 

 
Fig. 1. Scheme of the experimental flow stand: 1 – fan; 2 - measuring unit; 3 – gate; 4 – electric heater; 
5 – voltage regulator; 6 – throttle aperture; 7 – micromanometer; 8 – camera; 9 – water seal; 10 – 
differential pressure gauge; 11 – clip with a multi-wool sample; 12 – thermocouples. 

Mineral wool blanket is a porous material consisting of thin fibers of a glassy structure, 
obtained from a melt of rocks and their compositions, slags or glass mixture. Mineral wool 
and products from it belong in their structure to the group of capillary-porous fibrous 
materials with randomly distributed fibers [17–20]. 

Mineral wool blanket is not a homogeneous material and has anisotropic properties. The 
spatial framework of the mineral wool blanket consists of randomly arranged fibers. The 
diameter of the fibers, depending on the method of fiber formation, is 3-8 microns, and the 
length is up to 50 mm. Non-fibrous inclusions up to 0.1 mm in size can be found in a mineral 
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wool blanket [21–23]. The formation of a mineral-cotton blanket from arbitrarily arranged 
thin fibers determines a highly developed inner surface reaching 30000 m2/m3 and porosity 
up to 97%. These factors ensure the efficiency of heat treatment by blowing the heat carrier 
through a layer of mineral wool blanket. The study of the main parameters characterizing the 
heat treatment process was carried out on a purge stand, the schematic diagram of which is 
shown in Fig. 1. 

The air from a test room, heated in an electric heater to the desired temperature, was used 
as heat carrying agent. The required flow rate of the heat carrying agent was established and 
recorded using a gate with a micromanometer. The change in temperature of the material and 
heat carrying agent was measured with thermocouples and recorded with two electronic 
potentiometers included in the measuring unit of the stand. During the experiments, mineral 
wool samples were placed in a holder, the shape and dimensions of which were changed 
depending on the type of experiments being conducted. 

3 Results 
A study of the processes taking place in a mineral wool blanket shows that its hydraulic 
resistance is directly proportional to the surface of the fibers per unit volume of the layer and 
inversely proportional to the third degree of porosity of the layer. The established degree of 
influence of the fiber diameter on the hydraulic resistance of the mineral wool layer is shown 
in Fig. 2. 

 
Fig. 2. The dependence of the hydraulic resistance of a mineral wool blanket with a thickness of 50 
mm on the speed of heat carrying agent with a thickness of mineral fiber, microns: 1) – 8; 2) –7; 3) 
–6; 4) – 5; 5) – 4. 

Analysis of data on mineral fibers (and products based on them) allowed us to draw the 
following conclusions: 

- the specific surface of the layer has a linear dependence on its average density, 
- the hydraulic resistance of the layer will be greater, the smaller the number of slugs and 

the smaller the diameter of the fibers. 
Experimental data confirmed this assumption. At a flow speed of 0.4 m/s, the hydraulic 

resistance of semi-rigid plates with an average density of 91 kg/m3 is 350 Pa. An analysis of 
the experimental data and the calculation results shows that the hydraulic resistance of the 
layer depending on the fiber diameter (dv), the content of non-fibrous inclusions (slugs etc.) 
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(X), the flow speed (v), the average density (ρ), and the thickness (H) of the blanket can be 
represented by the dependence: 

𝛥𝛥𝛥𝛥 =
𝐴𝐴𝑣𝑣𝑛𝑛ρ2𝐻𝐻
𝑑𝑑𝑣𝑣𝑋𝑋

 

In this formula, A is a conversion factor (A = 0.18 × 10-5); n is the exponent, depending 
on the heat flow regime. In engineering calculations, n = 1 in the laminar mode and v = 0.2–
0.8 m/s; and n = 1.4 in transient mode and v = 0.8–2.0 m/s in laminar mode. 

Taking into account the temperature of the blown heat carrying agent (t), the hydraulic 
resistance could be calculated using the following formula: 

𝛥𝛥𝑃𝑃𝑡𝑡 = 𝛥𝛥𝛥𝛥 �
𝜇𝜇𝑡𝑡
𝜇𝜇20

� 

where μ20 and μ t are the dynamic viscosity coefficients at 20 °C and the actual 
temperature of the heat carrying agent. 

4 Discussion 
The dependences of the hydraulic resistance of a mineral wool blanket on its structural 
characteristics of the gas flow rate in the layer and its temperature are approximate, although 
acceptable in engineering calculations. Processing the results of empirical studies and using 
the conclusions of the theory of heat and mass transfer of capillary-porous bodies made it 
possible to develop a system of nonlinear equations that allow us to estimate the hydraulic 
resistance of a mineral wool blanket. For the convenience of engineering calculations, these 
dependencies are given in the nomographic form (Fig. 3). 

The basic formula is taking into account the basic hydraulic resistance (Pv), and 
coefficients depending on the parameters of the mineral wool blanket and technological 
factors: 

𝛥𝛥𝑃𝑃 = 𝛥𝛥𝑃𝑃𝑣𝑣 ⋅ 𝐾𝐾𝜌𝜌𝑇𝑇 ⋅ 𝐾𝐾𝜌𝜌 ⋅ 𝐾𝐾𝑋𝑋 ⋅ 𝐾𝐾𝐶𝐶 ⋅ 𝐾𝐾𝐻𝐻 ⋅ 𝐾𝐾𝑑𝑑 ⋅ 𝐾𝐾𝑡𝑡 ⋅ 𝐾𝐾𝑢𝑢 

Where KρT is a coefficient depending on the true density of the matrix substance (mineral 
fiber); 

Kρ is a coefficient depending on the medium density of the mineral wool blanket; 
KX is a coefficient depending on the content of slugs; 
KC - coefficient depending on the content of the binder; 
KH - coefficient depending on the thickness of the blanket layer; 
Kd is a coefficient depending on the diameter of the fiber; 
Kt is a coefficient depending on the temperature of the heat carrying agent; 
Ku - coefficient depending on moisture content. 
These coefficients were also calculated and shown at Fig. 3. 
The moisture content of the blanket, with the introduction of a binder by spraying, is 

usually in the range U = 0.01–0.04 kg/kg. The presence of moisture up to U = 0.1 kg/kg 
practically does not affect the hydraulic resistance, which is confirmed by the results of 
experiments, at speeds of air flow through the blanket up to 0.6 m/s. 

With an increase in blanket moisture up to 6–10%, which is characteristic of morally 
obsolete, but still functioning plants, the hydraulic resistance of the blanket to heat carrying 
agent passage increases sharply. At the same time, the relationship between blanket moisture 
and its hydraulic resistance is linear. These data must be taken into account when designing, 
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operating, and optimizing the modes of heat treatment chambers of a mineral wool blanket 
with high humidity. 
 

 

  

  

  
Fig. 3. Nomogram for determining the hydraulic resistance of a mineral wool blanket with a sprayed 
binder: 1 - linear structure blanket; 2 - volumetric oriented structure blanket 
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Knowing the hydraulic resistance of a mineral wool blanket, one can evaluate the 
influence of technological parameters of heat treatment and, first of all, temperature and heat 
carrying agent speed on the properties of the resulting product. Experiments and analysis of 
a priori information show that the flow speed and uniform distribution of the heat carrying 
agent over the heated surface are the determining conditions for heating of the blanket, and, 
consequently, uniformity and completeness of curing of the binder in the mineral wool 
blanket. The completeness of the curing of the binder in the mineral wool blanket, due to the 
correctly selected parameters of the input of the heat carrying agent, allows reducing the 
temperature of the heat carrier by 10–15°C, which determines the risk of fire of the binder in 
the mineral wool blanket. 

The completeness of the curing of the binder in the mineral wool blanket, firstly, reduces 
the likelihood (or even danger) of toxic emissions from mineral wool products, which 
contributes to the creation of a favorable environment in rooms where mineral wool products 
are used to insulate floors, ceilings, roofs, and cellars. On the other hand, curing the binder 
to a level of at least 98% promotes the formation of strong contact zones, monolithic mineral 
wool fibers and improves the adhesion of the cured polymer and the surface of the glass 
(mineral fibers). This increases the operational stability of mineral wool products, and, 
consequently, the durability of the structures where these products are used. 

5 Conclusion 
Products made of mineral wool are one of the most common materials in facade and roof 
insulation systems, as well as heat and sound insulation of floor ceilings, etc. Reducing the 
dangers of harmful emissions (necessary for interior insulation) and increasing operational 
resistance (for use in external systems) is a factor determining the effective functioning of 
these systems. 

The method of heat treatment of a mineral wool blanket proposed in the article, based on 
the provisions of the general theory of heat and mass transfer in capillary-porous bodies and 
formed as a result of analysis of experimental studies, allows us to solve the problem of 
choosing the optimal parameters of the process of motion of a heat carrying agent in a mineral 
wool blanket and determining the hydraulic resistance of this blanket. 

Optimization of the heat treatment of a mineral wool blanket, on the one hand, allows to 
reduce energy costs for this process, and on the other hand, it reduces the risks of ignition of 
a mineral wool blanket when a hot heat carrying agent is sucked out. Moreover, the uniform 
distribution of the heat carrying agent flow along the plane of the blanket and the regulation 
of the heat carrying agent speed contribute to the most complete curing of the binder, which 
positively affects the properties of the products. 
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