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Abstract. Insulation systems must have a number of special properties 
when used on construction sites located in the zone of significant negative 
temperatures, wind load, and associated air filtration through building struc-
tures, under the influence of the coastal environment that forms salts on tech-
nical facilities associated with the production and transportation of petro-
leum products. Firstly, high operational stability, including under the influ-
ence of aggressive environments. Secondly, they must be non-flammable 
and have significant fire resistance limits. Thirdly, do not contain compo-
nents that are toxic during normal operation or are released in the event of a 
fire. The analysis of possibilities has shown that products based on stone 
wool meet these requirements to the greatest extent as a thermal insulation 
material. The research presented in the article is based on a hypothesis 
about the use of products based on stone wool and epoxy binder on 
latent hardeners, which will allow us to obtain an energy-efficient 
material that fully meets the conditions of polar construction. The 
purpose of the research was to develop a method for selecting the 
parameters of manufacturing mineral wool products that affect the 
properties of mineral wool slabs to the greatest extent and to opti-
mize the temperature of heat treatment of mineral wool carpet. Re-
search methodology set out in the article is based on the method of 
mathematical planning of experiment and statistical processing of 
the results, followed by analytical optimization.  

1 Introduction 

About a 20 percent of the territory of Russian Federation is located in the Arctic, there 
resides about 1.5 million people and is located about 30 large and medium cities. Another 
significant factor is the concentration of a large number of exploited and unexploited eco-
nomic deposits of natural resources (oil and gas among them) on the territories north of the 
67th parallel. In connection with the extraction and processing of natural resources necessary 
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to develop construction technologies in extremely low natural temperatures and permafrost 
[1–3]. 

Construction in these areas has become one of the priorities of modern technological de-
velopment, which include the establishment of special construction systems, focused on the 
construction of high-risk facilities in the Arctic Circle. These objects include marine tankers, 
oil and gas platforms, equipment for the transport of oil, gas reducing installation and instal-
lation of oil refining. In each of the above objects, you must choose the right thermal insula-
tion, which will provide a high thermal insulation capacity, and be fire-resistant and durable 
[4–6]. 

The development of mining natural resources occurs in all countries that have territories 
beyond the Arctic circle. Considerable experience has been gained by the British, Canadian 
and Scandinavian companies. Especially in terms of offshore oil production zones and au-
tonomous drilling platforms and in terms of transportation of these products in subzero tem-
peratures and extreme weather conditions. It should be noted here that the main area, which 
are engineer's decisions are designed and used for is the North Sea [7-8]. 

For example, the Norwegian Troll oil platform.It is the highest in the history of mankind 
construction, which has been moved relative to its starting position, and it was towed at a 
distance of more than 200 kilometers in 1996 into the North Sea, 80 kilometers north-west 
from Bergen at the south-west of Norway. The platform stands on the seabed at 303 meters 
below the sea surface; its height is 472 meters. In place of the Troll platform location is passes 
the Gulf Stream, which softens the climatic conditions. 

The Russian experience in the construction and operation of oil and gas platforms inferior 
to foreign. The only platform that is producing petroleum products on the Russian Arctic 
shelf is the offshore ice-resistant stationary platform (MISP) "Prirazlomnaja". Production on 
this platform began in 2014 (Arctic oil varieties Arctic Oil (ARCO)), and the first million 
barrels of oil was produced September of the same year.The use of thermal insulation is nec-
essary in terms of installation workability fire safety, comfort, and work to minimize the costs 
of all operations that accompany a technological process. 

2 Problem statement 

The use of thermal insulation materials is an effective method of forming an insulating shell, 
as well as reducing energy costs and increasing the durability of building structures. The 
properties and durability of products based on mineral wool is largely determined by the 
conditions of formation of the mineral wool mat, uniformityofdistribution and properly so-
lidification of the binder inside the mat and the conditions of heat treatment [9-10]. 

 From the standpoint of energy efficiency, functionality criterion of the construction sys-
tem is the thermal resistance of the structure and the parameters determining the choice of 
thermal insulation material (TIM) is its thermal conductivity. From the viewpoint of service 
durability, the majorare strength properties. It is confirmed, including theoretically studies. 
The logic is as follow: reduction of strength characteristics leads to shrinkage (compaction) 
of the material, i.e. to increasing the average density and hence to an increase of the thermal 
conductivity and reducing the thermal resistance of the system.  

Special requirements apply to structures and systems of insulation working in the extreme 
(cold or hot) climates. In hot climates, overheating of raw materials or petroleum products 
may result release of volatile that causes the increase of their content in the premises of the 
object in low-level sealing, as well as fraught with an explosion from any sparks. In cold 
weather conditions, thickening (jellification) of liquid hydro carbons is highly undesirable 
because it violates the pumping technology. In this case, it is recommended to use the heating 
system with thermal insulation [11-12]. 
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 Thermal insulation specialized structures (associated with production, processing and 
transportation of hydrocarbons) must comply with certain requirements.First, it’s must be an 
effective as thermo-technical system, (adopted to ensure prescriptive to region thermal re-
sistance of the insulating shell). Second, to be nonflammable and be able to withstand not 
only the estimated temperature of fire (600 ° C), but also maintain its properties at tempera-
tures of 1000-1200 ° C (these temperatures are created during combustion of oil in isolated 
or partially isolated premises).Third, the thermal insulation product must not contain compo-
nents supporting the combustion or released during the combustion of toxic substances. 
Fourth, heat insulating materials must be energy efficient, i.e. the cost of the organization of 
insulation system (manufactured of thermal insulation, its installation and operation of the 
structures) must be paid off from their application within the prescribed period from 5 to 10 
years [13–15]. 

These conditions are met by-products based on mineral fibers: basalt fiber and rock wool. 
Basalt fiber has a modulus of acidity up to 4.5 - more than that of rock wool, and therefore is 
more resistant to aggressive environments typical of the coastal climate, and showing its ac-
tivity to a greater extent at positive temperatures.  In the considered temperature range, it is 
sufficient to use fibers with an acidity modulus of 1.8-2, which is typical for stone wool 
fibers. The production of rock wool is more technological and less energy-intensive than the 
production of basalt fiber.  On the other hand, when designing insulation systems for closed 
and confined spaces, the requirement for the use of non-toxic binders that have high adhesion 
to mineral fibers and do not reduce the operational stability of mineral wool products be-
comes relevant. A similar type is an epoxy binder on latent hardeners with a polycondensa-
tion temperature in the interval 90 ... 110 оС [16–21]. 

3 Results  

Most local technologies oriented to the production of mineral wool products dimensional-
oriented structure, which is formed by special units: corrugator and spreader placed on the 
processing line. The properties of TIM made from mineral fiber are determined by a compe-
tent foundation of all stages of the process. Fiber properties (its strength parameters, elastic-
ity, resistance to aggressive environment and so on.) are formed on the stages of preparation 
of the charge, its melting and processing into the fiber. The uniformity of distribution of the 
binder in the fibrous mat due to its type and condition of the introduction into the fiber me-
dium. Properties of mineral wool mat determined by the conditions of formation of its struc-
ture, which, on the one hand should provide maximum fiber weaving, and the other - to en-
sure the preservation of the continuity of the mat. The final stage, which objective is to sta-
bilize the mat structure and formation properties of the products is the heat treatment. This 
shows the importance of uniform solidification of the binder and the temperature range at 
which solidification occurs. 

The objective of research was to optimize heat treatment process of the mineral wool mat, 
aimed at increasing the service durability of products and reducing energy costs for heat 
treatment.The following response functions are accepted: compressive strength of products 
at 10% deformation (Y1); average density of products (Y2); coefficient of thermal conduc-
tivity (Y3=λ×1000). 

It has been found that greatest impact on the experimental results (response function) the 
following factors had: the average density of the mineral wool carpet (X1); the binder content 
(X2); fiber diameter (X3); fiber length (X4); The temperature of heat treatment, ° C (X5). The 
plan of the second phase of the experiment was constructed taking into account the areas of 
variation of these factors and in accordance with the conditions set out above.The experi-
mental conditions are shown in table 1. 
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Table 1. Conditions and results of the experiment 

Name of factor 
Symb

ol 
Xi 

The mean 
value of the 

factor, i 

Variationinte
rval, ΔХi 

1 2 3 4 
The average density of mineral wool carpet, 
кг/м3 

Х1 50 20 

Thebinder content, % Х2 3.5 1 
Averagefiberdiameter, мкм Х3 4 1.5 
Averagefiberlength, мм Х4 30 10 
The temperature of heat treatment, оС Х5 100 10 

The object of the study was on precisely those factors which effect at the outcome are 
most. As a result, after the evaluation of the significance of the coefficients and check the 
adequacy of the models, the following regression equation: 

Y1 = 38 + 18Х1 + 6Х2 + 4Х3 + 7Х4 + 4Х5 + 2Х1Х4 + 3Х2Х3– 3Х5
2 

If the confidence interval Δb = 1.6 

  Y2 = 96 + 36Х1– 4Х3– 9Х4–3Х1Х4 

If the confidence interval Δb = 2.2 

Y3 = 37.5 + 0.8Х1 + 0.3Х3+ 0.2Х4+ 0.1Х1Х3 

If the confidence interval Δb=0.08 
In the resulting experimental polynomials, some pair and square interactions appeared, 

which are important in predicting the properties of products (solving interpolation problems), 
their manufacturing parameters, and selecting optimization strategies. The strength of the 
mineral wool product is most influenced by the average density of the pressed mineral wool 
carpet and the length of the mineral fiber. There is two synergistic effect of increasing the 
strength of the combined influence of the average density of the carpet and the fiber diameter 
(due to the effect of the weave of the fibers in the carpet) and from the joint influence of the 
consumption of binder and the fiber diameter (due to the conditions of adhesion of the binder 
to the surface of the mineral fibers). 

An increase in the heat treatment temperature within the range of variation leads to an 
increase in strength (up to a certain value), and when this value is exceeded, the strength 
begins to slowly decrease (the coefficients at Х5 and at Х52 are equal to 4 and -3, respec-
tively). This effect is determined by the conditions of solidification of the binder, which oc-
curs in the temperature range of 104 ... 108 оС. At high temperatures, the binder hardens and 
destructive processes begin to manifest themselves primarily at the contact boundaries of the 
solidified binder and the surfaces of the mineral fiber. 

The average density of mineral wool slabs is most determined by the average density of 
the pressed miner-al wool carpet and the average length of the fibers. In this case, there is a 
synergistic effect of the density reduction due to the combined influence of the carpet density 
and fiber length, due to the higher elasticity of the fibers in the intertwined state. 

The thermal conductivity of mineral wool products depends mostly on the average density 
of the mineral wool carpet and its diameter. The synergistic effect of their combined influence 
is determined by the conditions of conductive heat transfer (through a fiber matrix) and the 
convective component of heat transfer due to the high open porosity of the mineral wool 
carpet. 

4

E3S Web of Conferences 244, 04003 (2021) https://doi.org/10.1051/e3sconf/202124404003
EMMFT-2020



Table 1. Conditions and results of the experiment 

Name of factor 
Symb

ol 
Xi 

The mean 
value of the 

factor, i 

Variationinte
rval, ΔХi 

1 2 3 4 
The average density of mineral wool carpet, 
кг/м3 

Х1 50 20 

Thebinder content, % Х2 3.5 1 
Averagefiberdiameter, мкм Х3 4 1.5 
Averagefiberlength, мм Х4 30 10 
The temperature of heat treatment, оС Х5 100 10 

The object of the study was on precisely those factors which effect at the outcome are 
most. As a result, after the evaluation of the significance of the coefficients and check the 
adequacy of the models, the following regression equation: 

Y1 = 38 + 18Х1 + 6Х2 + 4Х3 + 7Х4 + 4Х5 + 2Х1Х4 + 3Х2Х3– 3Х5
2 

If the confidence interval Δb = 1.6 

  Y2 = 96 + 36Х1– 4Х3– 9Х4–3Х1Х4 

If the confidence interval Δb = 2.2 

Y3 = 37.5 + 0.8Х1 + 0.3Х3+ 0.2Х4+ 0.1Х1Х3 

If the confidence interval Δb=0.08 
In the resulting experimental polynomials, some pair and square interactions appeared, 

which are important in predicting the properties of products (solving interpolation problems), 
their manufacturing parameters, and selecting optimization strategies. The strength of the 
mineral wool product is most influenced by the average density of the pressed mineral wool 
carpet and the length of the mineral fiber. There is two synergistic effect of increasing the 
strength of the combined influence of the average density of the carpet and the fiber diameter 
(due to the effect of the weave of the fibers in the carpet) and from the joint influence of the 
consumption of binder and the fiber diameter (due to the conditions of adhesion of the binder 
to the surface of the mineral fibers). 

An increase in the heat treatment temperature within the range of variation leads to an 
increase in strength (up to a certain value), and when this value is exceeded, the strength 
begins to slowly decrease (the coefficients at Х5 and at Х52 are equal to 4 and -3, respec-
tively). This effect is determined by the conditions of solidification of the binder, which oc-
curs in the temperature range of 104 ... 108 оС. At high temperatures, the binder hardens and 
destructive processes begin to manifest themselves primarily at the contact boundaries of the 
solidified binder and the surfaces of the mineral fiber. 

The average density of mineral wool slabs is most determined by the average density of 
the pressed miner-al wool carpet and the average length of the fibers. In this case, there is a 
synergistic effect of the density reduction due to the combined influence of the carpet density 
and fiber length, due to the higher elasticity of the fibers in the intertwined state. 

The thermal conductivity of mineral wool products depends mostly on the average density 
of the mineral wool carpet and its diameter. The synergistic effect of their combined influence 
is determined by the conditions of conductive heat transfer (through a fiber matrix) and the 
convective component of heat transfer due to the high open porosity of the mineral wool 
carpet. 

4 Discussion 

Analytical method of optimization of process parameters developed in MSСU and has been 
tested in the study of technology of structural materials for various applications. A special 
computer program GJ-STAT-06, allowing both to process the results of the experiment, and 
make analytical optimization of obtained polynomials. 

Using the method of analytical local optimization developed at the NRU MGSU allows 
you to determine the optimal value of the heat treatment temperature. To obtain the values of 
the local optimum, the function Y1 = f(Х1, Х2, Х3, Х4, Х5) is differentiated by Х5 and the 
resulting partial derivative is equal to 0.The resulting encoded value Х5= 2/3 is recalculated 
(using table 1) to the natural value, and we get the recommended heat treatment temperature 
of 107±1 оС. 

As a result of optimization of established a clear correlation between the average density 
of the panels and their thermal conductivity. Both of these, depending on the average density 
of the mat and are linear (Fig. 1). This feature has been taken into account in the formation 
of second nomogram sector where heat conduction of panels is determined by the relation 
between their average density and diameter of the mineral fibers. According of third sector 
nomogram is determined the dependence of strength panels at 10% deformation of the mat 
density and consumption of the binder. 

Thus, with the help of the sectors of nomogram established correlation between the char-
acteristics of the mat characteristic, fiber properties, consumption of binder, molding param-
eters and properties of the product. This nomogram allows us to solve a direct problem: pre-
dict the properties of the products depending on the setting value of variable factors and the 
inverse problem: to choose the ratio of the parameters characterizing the process to meet the 
requirements established for products for strength, density, thermal conductivity. 

 

Fig. 1. The nomogram for selecting manufacturing parameters of mineral wool panels. The depend-
ence of the compressive strength at 10% deformation, the average density and thermal conductivity of 
the mat from the average density of mineral wool carpet, compaction level (CL), the binder consump-
tion (BC), the diameter (d) and length(L) of fibers 

Executed in MSUCE studiesshows that quite meet the requirements of thermal insulation 
products - panels based on modified mineral fiber. It is possible to manufacture as a structural 
insulation, as well as technical insulation, as well as systems which using such type of TIM. 
For process compartment and household premises used panel density of 80-100 kg / m3 and 
a thermal conductivity of 0.040 W / (m ∙ K). In shell material surface density - 100 kg / m2. 
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It deserves special attention to activities in this direction by the company ROCKWOOL. 
Experts of this company created a new type of mineral fiber the ROXUL with high alumina 
and low silicon content. Mineral wool basedon these fibers have high strength and tempera-
ture resistance. Biodegradable of this fiber is meets regulatory requirements. 

System optimization of thermal insulation of pipelines implies several tasks: evaluation 
of the design parameters of the pipeline insulation and, in particular, the thickness of the 
insulation and method of mounting; select the way of how to insulate the pipeline: the type 
of insulation material, taking into account the technological features of its production; opti-
mizing the cost of manufacturing this material. 

Depending on the conditions of using the requirements for thermal insulation materials 
and system solutions are changing. In Cryotechnology preferred materials having closed po-
rosity, extremely low thermal conductivity and are not destroyable at low temperatures close 
to absolute zero, the most well-proven products made from foamed glass or melt blown vol-
canic glasses. For most types of technical insulation is preferable to use products based on 
mineral wool, glass or basalt fiber. From basalt fiber is made, heat-insulating canvas, strands, 
panels and mats. From Mineral wool (stone or glass) is made Panels, mats and shaped prod-
ucts. 

A special feature of these materials is the high open porosity, which implies their com-
pulsory protection from the weather. Positive features are its low density and thermal con-
ductivity, fire resistance, high flexibility and tight fit to the insulated surface. Fixing these 
materials is performed with help of special bandages or wire, with followed application of 
protective plaster, fixing special metal casings, laying (winding) roll materials: fiberglass, 
impregnated with a modified bitumen. 

Cable heating pipes combined with its outer insulation is the most promising from the 
technological point of view, the method of maintaining the duty cycle of various production 
processes. The use of heating cables in the industry can provide the desired temperature and 
viscosity of the fluid passed through the pipes. Maintaining of optimal temperature conditions 
prevents the precipitation, an increase of viscosity, appearance of clots and reducing of fluid 
transfer rate through the pipe. This ensures the required process conditions and reduces the 
risk of potential material losses. 

5 Conclusion 

The calculation results are summarized in the nomogram (Fig. 1), allow us to conclude that 
the for heat transfer agent temperatures of 106-108 °C the duration of the isothermal holding 
is insignificant (25-40 seconds) and the total duration of the heat treatment is regulated 
mainly by the time of drying and heating of mineral wool mat. Accordingly, providing ap-
propriate blowing speed of heat transfer agent through the material, it is possible to reduce 
the heat treatment time is more than 2 times. 

Basic and varying parameters of the heat treatment is determined by using the nomo-
grams. This allows you to make a decision in the correction of process parameters, in partic-
ular in the transition to the new product types, correction of the raw material formulation and 
characteristics of the mineral fibers. 

The developed method for the optimization of heat treatment of the mineral wool mat is 
based on the results of mathematical and statistical methods of planning. In addition to con-
ventional methods, the method of analytical optimization, developed at the Department of 
NR MSUCE. Received analytical dependencies (and their graphical interpretation) allow for 
the development of algorithms for the management of production with the help of computers. 
A further direction of research is the dissemination of this method in the technology of other 
insulating materials. 
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The pipeline insulation systems are using combined solutions: over a pipeline metal is 
placed heating cable (coiling with the calculated step), then fitted insulation (usually tech-
nical mineral wool mats) and all of it is protected by an external weather-resistant layer. 
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