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Abstract. Thermal insulation of pipelines for the centralized hot water 

supply generally made by cylinders or mats based on a mineral wool. The 

criterion of an efficiency of the thermal insulation system is its technical 

properties, a durability and a cost of production. Modern thermal insulation 

products made from the mineral stone fiber possessing high chemical 

resistance. A structure of the products is such that the fiber is in a strong 

bond and has a volume-oriented state. Complicated bound structure gives to 

the product additional strength characteristics, and it is fixed due to curing 

of a binder. The substances having high resistance in the cured state are used 

as a binder. Accordingly, a reserve for increased durability is the 

completeness of curing of the binder. Which, in turn, depends on the 

organization of the process of thermal treatment. Cost reduction caused by 

the use of a binder with a curing temperature of up to 150 ° C. The possibility 

of justifying an application of epoxy modified binder with a latent hardener 

is given in the article, and the methodology of the choice of parameters of 

the mode of thermal treatment of mineral wool cylinders with this type of 

binder is also stated. The methods are based on graphics intended for 

selecting parameters of thermal treatment of mineral wool cylinders 

obtained as a result of engineering interpretation of mathematical models 

with empirical coefficients, and also a computer program for calculation 

based on the algorithm developed by the authors. 

1 Introduction 

The economy of energy in the course of its delivery is especially actual for economic objects 

which activity is provided with stations of the centralized preparation of heat. The distances 

measured by kilometers do the amount of losses of heat proportioned to the total amount of 

delivery [1-6]. The issue is resolved by use of the insulating systems including effective 

thermal-insulating materials and ways of their protection. Heat insulation of objects of 

housing and communal services, and, in the first turn of pipelines of hot water supply is 
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generally made by mineral wool products and in particular cylinders on the basis of stone 

wool [7-14].  

Mineral wool cylinders produce by two methods: either on spirally wound, or cutting 

technologies. The most efficient result can be achieved by spirally wound technology. In this 

case, the continuity of a mineral wool matrix is not broken by cuts, and layer-by-layer coiling 

is an additional factor of an interlacing of fibers in a product, that is create the structure with 

high degree of an interlacing of fibers. 
The cylinders based on spirally wound technology is produce in two basic densities of 80 

and 120 kg/m3 (tab. 1). The cylinders covered (masked) with the reinforced aluminum foil 

have a self-adhesive overlap of a foil. It significantly simplifies mounting. The foil on the 

cylinder serves as a vapor barrier layer on cold pipelines, and indoors serves as a covering 

material. The external pipelines, thermal insulation must be protected by either fiberglass or 

the metal casings fixed on bandages or a wire [15–18]. Cylinders can be used on surfaces 

with a temperature from -180 to +650 °C.  

Table 1. Physical and technology characteristics 

Сharacteristics Cylinder 80 Cylinder 120 

Density, kg/m3  80 120 

Heat conductivity, W / (m∙К)   

— at 10 оС 0.033 0.035 

— at 25 оС 0.036 0.037 

— at 125 оС 0.046 0.048 

— at 300 оС 0.085 0.087 

Content of organic substances, %, no more 3.2 3.2 

Group of combustibility (without covering 

a foil) 

NC NC 

Length * thickness, mm 1200×(20—100) 1200×(20—100) 

Pipe diameter (inside diameter), mm 18—324  18—324  

 
Use of the mineral wool cylinders allows to provide isolation of pipelines with the liquids 

and gases, which are especially transported with high speed. Cylinders without a covering 

belong to KM0 (NC) non-combustible materials, with the covering - to KM1 (C1) group. 

Cylinders possesses elasticity and can to recover its shape after application of heavy loads. 

The spirally wound cylinders are more technological in production and have a higher degree 

of a factory readiness. 

2 Methods 

Research objective was a development of a products based on mineral fiber for thermal 

insulation of the pipelines and thermal units working in a temperature interval up to 600 ° C. 

Approbation of the epoxy thermosetting composition with a latent hardener as a binder 

together with mineral wool fibers produced by the ROCKWOOL Company and optimization 

of the modes of thermal treatment of mineral wool products was a research problem. 

Researches were started in four directions. Receiving mineral fibers without sizing agent and 

without factory binder (phenol formaldehyde binder is entered into mineral wool carpet at its 

sedimentation after fiber formation). Development of the mechanism of insertion of a binder 

in the laboratory conditions. Development of the modes of convective thermal treatment of 

mineral wool products and development of a technique of the choice of parameters of thermal 

treatment by method of a motion of the heat carrier through a mineral wool carpet. 
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Mechanics of a burning out binder is in alternate drying of mineral fiber up to the constant 

weight for the purpose of removal of factory phenol formaldehyde binder. On a baking sheet 

placed the cut-off pieces of a mineral wool mat (approximate size 250х150х50 mm) cutted 

from factory standard size mat 1000х600х50 of "ROCKWOOL Heat insolation. Then a 

baking sheet was located in the chamber of "SNOL" dryer with an interval of temperature of 

roasting from 10 ºС to 400 ºС with the exposed temperature of "drying" 350 ºС for 1 hour. 

Then the baking sheet was taken out and cooled off on a metal plate (15 minutes). Then it 

was weighed for the purpose of clarification of mass change of samples. After 5 repetitions 

the mass of fiber became constant and equal 187,825 grams. 

According to the program of researches, properties of the epoxy thermosetting binder 

TPK-14 about a possibility of its application as binder for production of mineral wool 

products have been studied earlier. The composition TPK-14 is developed by "MMP-IRBIS" 

and VIAM together with IHF Russian Academy of Sciences as domestic analog of glue 

composition of ASAHI CA-35. After removal of phenol formaldehyde binder to mineral 

fibers has been added the epoxy thermosetting binder with a latent hardener (TPK-14) in the 

amount of 3% of the turned-out mass of fiber (187,825 grams) 3,5 grams. The prepared 

samples have passed thermal treatment in the same "SNOL" dryer chamber at a temperature 

of 125 ºС for 6 minutes.  

The technique of the choice of parameters of thermal treatment was based on earlier 

applied researches of the modes of thermal treatment of flat mineral wool products. As a 

result of a full-scale experiment transitional coefficients from flat products (a mineral wool 

carpet) to cylindrical have been established and as result of calculations the nomograms that 

allowing to solve technology problems are received. 

3 Results  

Thermal treatment of spirally wound mineral cylinders [7] is that the heat carrier is enters to 

a perforated rolling pin (on which the mineral wool layer is wound), and heating of a fibrous 

material is applicate by motion of the heat carrier through a mineral wool layer. Optimization 

of this process is connected with regulation of properties of a mineral wool layer and, first of 

all, the hydraulic resistance of a mineral wool carpet. 

Analytical impact assessment of characteristics of the mineral wool cylinder structure and 

parameters of its thermal treatment was applicate on the basis of use of a model of the 

movement of a compressible fluid (heat carrier) through the porous environment (a mineral 

wool layer) [7].  

The made experiment has shown that hydraulic resistance of mineral wool products of a 

cylindrical form (ΔРμ) can be determined on the basis of calculation of hydraulic resistance 

of a flat mineral wool carpet of the corresponding density (ΔР) (figure 1) and taking into 

account the value of parameter of Kμ, by dependence: 

ΔРμ = КμΔР    (1) 

Parameter of Kμ is function of characteristics of a mineral wool product of a cylindrical form 

and is defined from equation: 
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Internal radius of the cylinder (r0) is equal to diameter of a perforated rolling pin. 

Thickness of a layer of coiling of isolation (H) is defined from requirements to heat physical 

characteristics of insulating system. The specific surface of fiber (S) and porosity (m’) of a 

mineral wool carpet are established on test results in factory laboratory. Heat carrier velocity 

at the entrance to the carpet is adjustable parameter, density (ρ) and viscosity (μ) of the heat 

carrier are functions of its temperature and can be accepted as table values (for the warmed-

up air or combustion gases).  

For convenience of engineering calculations, analytical dependences (1 and 2) are 

presented in the graphic form (figure 1, 2), and determine hydraulic resistance as work of 

basic functions and coefficients: 

v CP P K K      

0 'H r S m tP P K K K K K         
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Fig. 1. The abacus for determination of hydraulic resistance of a mineral wool carpet: 1 - carpet of 

linear structure; 2 - a carpet of volume oriented structure 
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Fig. 2. The abacus for determination of parameter of Kμ 
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4 Discussion 

At thermal treatment of a mineral wool carpet, the lengthwise current of the heat carrier in a 

perforated rolling pin is followed by simultaneous distribution of the heat carrier through 

sidewalls. That mean the movement of a heat carrier flow happens with changing of 

consumption along a way by analogy with the supply collector. At the same time the outflow 

of the heat carrier from a rolling pin (length of 1-2 m) happens in a layer of a mineral wool 

carpet with different permeability. Therefore, the outflow of gas from perforated walls of a 

rolling pin will be defined by not only characteristics of openings and excessive pressure in 

a rolling pin, but also structural and geometrical characteristics of the mineral wool cylinder 

and its hydraulic resistance. 

The intensive modes applied to thermal treatment of mineral wool cylinders with high 

speeds of a blowing (Re value for the outflow from rolling pin openings not less than 105) 

allow to accept value of coefficient of the outflow to constants longwise of a rolling pin. 

The outflow of the heat carrier through perforation of sidewalls of a rolling pin will be 

undoubtedly influenced by heat carrier flow turbulences, which is a radial component of the 

movement. However, it is not possible to consider it. It is also impossible to estimate change 

of hydraulic resistance of a mineral wool carpet longwise of a rolling pin due to randomness 

of an arrangement of fibers and caverns and their diameters distributions. 

At the outflow of the heat carrier from side openings in porous material at some distance 

separate streams of the heat carrier connect, forming a continuous flow. Disclosure of streams 

happens under the certain angle depending on permeability of the environment for a mineral 

wool carpet the angle of disclosure of a stream is rather big and reaches the 50g therefore 

with a small diameter of openings formation of a continuous flow comes to the end at small 

removal from a rolling pin wall. 

The experimental influence assessment of perforation distribution to characteristics of a 

flow of the heat carrier, show that increase of perforation rate leads to more dramatic change 

of static pressure longwise rolling pin. With the outflow of the heat carrier into a layer of a 

fibrous material, the deviation of flows speeds from the uniform distribution values is 

significantly reduced. When blowing a rolling pin with a layer of a fibrous material, the 

maximum deviation is 22,5%, and without a layer – 60 %. 

The obtained data and mathematical model of process have been used for creating 

algorithm of the computer program. The program is made at the С# programming language 

is intended for calculation of parameters of thermal treatment of mineral wool cylinders 

which is made by motion of the heat carrier arriving from a perforated rolling pin through a 

surface of a fibrous product of a cylindrical form. A basis of algorithm of the program is the 

mathematical model of process. 

The application of the suggested methods allows to optimize power consumption due to 

reduction of the electric power consumption at the drive of the blow equipment and decrease 

in heat consumption on warming up of mineral wool spirally wound cylinders, along with 

increase of uniformity of thermal treatment of mineral wool cylinders. Besides, increase of 

uniformity of warming up of a mineral wool carpet improves uniformity of a curing of binder 

in material that will reduces risks of destruction of mineral wool insolation and will prevent 

appearance of the defects caused by incomplete polycondensation of a binder. 

5 Conclusions 

Mineral wool cylinders (semi-cylinders) apply to insolation of pipelines with small pipe 

diameter from 12 to 273 mm. At isolation of pipes of bigger diameter segments or mats are 

used. Similar systems of isolation apply to thermal insulation of pipelines on any objects: 

multifunction shopping centers, private housing construction, apartment buildings, factories, 
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objects of the food industry and so on. The main requirements to systems of insolation are 

preservation of technical properties for all declared exploitation term, an elimination of 

outside moisture penetration and prevention of condense inside of a system. For the durability 

of these products, an important factor is completeness of curing of a binder 

Durability of materials is defined by properties of mineral fiber, type of binder and 

completeness of its curing in material. Power costs of production are connected with 

receiving fusion, its processing into a fiber and thermal treatment of the formed raw carpet. 

Modern thermal insulation products made from the mineral stone fiber possessing high 

chemical resistance. As the binder in that products is apply neutralized phenolic alcohols that 

also have high resistance in the cured state, but they are toxic and are not always cured in a 

product completely. In hot pipelines and especially at condition of increased humidity of a 

thermal-insulation layer a destruction of the contact zone "fiber-binding" may lead to 

releasing of harmful substances (phenols).  

Application of binder with the latent modifying components, cured at temperatures up to 

150 ° C, on the one hand promotes increase in extent of curing binding, and on the other hand 

provides decrease in power costs of thermal treatment of mineral wool cylinders.  
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