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Research of heat conductivity of quartz material 

In the article the results of a study of heat conductivity and thermal resistance of quartz-containing materials 

were presented. The object of the study was a quartz mineral from the Aktas deposit, located in the Ulytau 

district of the Karaganda region. The initial size was a piece of quartz mineral measuring 5–10 mm, which 

was disassembled mechanically. To prepare the samples under study, quartz powder 0.2 mm thick, crushed 

by the electric pulse method, was used. Electropulse technology is one of the methods based on the influence 

of Yutkin, accompanied by the formation of a specially formed high-voltage pulsed electrical discharge inside 

a volume of liquid. The pulse discharge frequency of the electrohydropulse installation for grinding the 

mineral to the required fraction was f = 3 Hz, the pulse capacitor capacitance C = 0.4 μF, the pulse discharge 

voltage U = 18–37 kV. The samples under study were made in the following dimensions: width 100 mm, 

length 100 mm, height 25 mm. To evaluate the thermophysical properties of manufactured samples in a 

stationary mode, the ITP-МG4 “100” installation was used, which determines the heat conductivity and 

thermal resistance of materials for thermal insulation of industrial equipment and pipelines in accordance 

with GOST 7076, based on the thermoelectric method, and GOST 30256, based on the thermal probe method. 

As a result of the study, a graph of the temperature dependence of heat conductivity and thermal resistance of 

quartz-containing materials was obtained. Based on the results obtained, it was established that the 

thermophysical parameters of the sample containing quartz are lower compared to the sample consisting of 

cement. 
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Introduction 

Currently, there is a large number of building structures that provides the required level of thermal pro-

tection of buildings [1]. One of the most important problems in the production of building materials is the 

reduction of energy costs and material intensity in the production of products and structures. Particular atten-

tion is paid to obtaining materials for construction based on local raw materials. One such raw material is 

quartz [2]. 

Natural quartz is a crystalline mineral composed of silicon dioxide. It has a number of physical, 

chemical and optical characteristics and is an important industrial raw material. Due to its high quality and 

affordable price, it is widely used in various industries such as ceramics, chemistry, metallurgy and 

electronics. At the same time, quartz powder is also widely used in construction. For the production of many 

building materials, a sufficient amount of natural components is added to its composition. The quartz mineral 

ranks 7th in terms of hardness on the Mohs scale. Its hardness and strength have an important role in 

production. This feature makes it effective for businesses that require high-strength materials. It is added to 

cement, concrete and other building materials in the construction sector. In this case, quartz powder is used 

as a filler in the construction industry, combining the volume and strength of the mixture with other 

materials. Mixtures of these raw materials in large volumes increase the strength of various materials by 
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about 100 times. Thanks to the quartz powder added to the composition, these materials become durable and 

elastic, which makes them resistant to abrasion and atmospheric influences. 

Fine fractions of quartz powder are used for the production of dry construction mixtures [3]. They are 

used in concrete restoration, for laying stoves and fireplaces, floor screed equipment, waterproofing struc-

tures, as well as for interior and exterior decoration. The high physical and chemical properties of quartz 

sand find their application in a wide variety of industrial fields. Moreover, its use in a specific industry di-

rectly depends on the type of quartz and its physical characteristics [4]. At the same time, quartz powder is 

widely used to improve the strength, weather resistance, texture and appearance of paints, coatings and 

sealants. 

Kazakhstan is one of the states known for its mineral resources. Owing to the country's vast reserves, it 

is able to meet the global demand for quartz powder in various industries. Quartz is a multifaceted mineral 

used in a variety of industries, both industrially and in everyday life. Kazakhstan continues to make a signifi-

cant contribution to meeting the needs of industries around the world with its quartz powder exporters to the 

global market. Quartz powder remains an indispensable raw material for strengthening structures in con-

struction or demonstrating its importance in our daily lives and in various fields. 

As a versatile material, quartz powder has many properties that make it popular in various industries. 

The heatphysical properties of materials play an important role in various fields such as engineering, physics, 

chemistry and technology. Understanding these properties makes it possible to improve heat transfer 

processes and develop more efficient materials at different temperatures. Heat conductivity is also an 

important value taken into account when planning thermal insulation work [5]. Selecting the right material is 

very important; it determines how much thermal energy you will have to expend to heat the finished room. 

Experimental methods for determining λ values are based on measuring the amount of heat passing 

through a test sample of normalized dimensions in a certain time at a given temperature difference [6]. 

Reduced heat conductivity reduces the rate of heat transfer between the internal and external environments. 

Thus, the use of the studied materials, especially thermal conductivity measurements, potentially improves 

the thermal performance of the building envelope. It also helps to reduce energy costs spent on air 

conditioning over many years of operation of the structure [7]. 

Analysis of heat transfer through building elements is of great importance in solving construction prob-

lems, such as energy efficient design, thermal load of structures, thermal comfort planning [8–10]. 

The purpose of the work is an experimental research of heat conductivity and thermal resistance of 

quartz-containing materials. 

To achieve this aim, it is necessary to solve the following tasks: 

– production of quartz-based samples processed using the electric pulse method; 

– investigation of the heat physical properties of quartz-containing materials. 

Experimental 

The object of the research was the quartz mineral of the Aktas deposit (Fig. 1). Since quartz mineral is 

used in construction in different sizes, powdered raw materials were obtained using the electric pulse 

method [11]. This technology is one of the most environmentally efficient methods of crushing natural ores 

and household waste [12–14]. Since the raw material has large dimensions (70–150 mm) before processing 

by the electric pulse method, a piece of quartz was mechanically crushed to 5–10 mm so that it could fit into 

the working cell of the installation (Fig. 2). 

The production of quartz powder by the electric pulse method was carried out in the following 

parameters: frequency of pulse discharges f = 3 Hz; pulse capacitor capacity C = 0.4 µF; pulse discharge 

voltage U = 18–37 kV [15]. The granulometric composition of quartz powder obtained by the electric pulse 

method was determined by the sieve method according to GOST 12536-2014 “Methods for laboratory 

determination of granulometric (grain) and microaggregate composition”. 

In construction, quartz powder 0.2 mm in size is used in the manufacture of various products (plaster 

materials, replacing a certain amount of cement with quartz flour, in the production of concrete and ceramic 

materials). The resulting powder was passed through standard sieves with a mesh opening diameter of 

0.2 mm (Fig. 3). 

To assess the heatphysical properties of a granular sample, the ITP-МG4 “100” device was used, which 

allows determining the heat conductivity and thermal resistance of materials for thermal insulation of 

industrial equipment and pipelines in stationary mode according to GOST 7076 and by the heating probe 

method according to GOST 30256, based on the thermoelectric method (Fig. 4). 
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Figure 1. Piece of quartz from Aktas mine Figure 2. Pieces of quartz 5‒10 mm 

  

Figure 3. Powder size 0.2 mm quartz Figure 4. Heat conductivity meter ITP-МG4 100 

Various samples were prepared to investigate the heat conductivity of quartz-containing samples: 

Sample 1 is a mixture of 50 % quartz and 50 % Portland cement of the M400 brand; 

Sample 2 is a mixture of 70 % quartz and 30 % Portland cement of the M400 brand. 

The samples had a width of 100 mm, a length of 100 mm and a height of 25 mm (Fig. 5). When 

developing mixtures, the amount of water was the same for each sample: 100 ml. 

 

     

Figure 5. Investigated specimens 

To study the thermal conductivity of the samples at a constant temperature of the cooler in the device 

(15 °С), the temperature of the heater was changed from 25 °С to 45 °С. The graph (Fig. 6 and 7) below 

shows the temperature dependence of the thermal conductivity and thermal resistance of the samples 

according to the experimental results. The heatphysical parameters of the studied samples were compared 

with those of a sample consisting of 100 % cement. 1 — a sample consisting of 100 % cement in the figures; 

2 — a sample consisting of 50 % quartz powder; 3 — A sample consisting of 70 % quartz powder. 
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Figure 6. Тemperature-dependent change in heat conductivity of samples 

 

Figure 7. Temperature-dependent change in the thermal resistance of samples 

It follows from the experimental data that the thermal conductivity of acid-free Portland cement in the 

considered temperature ranges was λ = 0.569–0.596 W/m·K. The thermal conductivity of the quartz-

containing material varied in the following intervals: λ = 0.516–0.521 W/m·K for a mixture of Portland 

cement of the 50 % M400 brand and λ = 0.400–0.411 W/m·K for a mixture of Portland cement of the 50 % 

M400 brand; λ = 0.400–0.411 W/m·K. from the data given, it follows that thermal conductivity of cement it 

has been established that composite samples have low thermal conductivity. These results prove that a 

certain amount of cement can be replaced with quartz powder [16]. 

Conclusions 

The heat conductivity and thermal resistance of quartz-containing samples were investigated in 

scientific work. When quartz was added to cement in the range of 50–70 %, construction raw materials with 

favorable heatphysical parameters were obtained. 

It was found that the thermal resistance of a material containing 70 % quartz is higher than the 

temperature dependence of the thermal resistance of the samples. The thermal resistance of a material is a 

parameter of the thermal conductivity resistance. The results obtained indicate the effectiveness of using 

quartz as a heat-insulating material in construction. 

From the above fraction, it was found that the addition of quartz powder to the material has a low 

thermal conductivity. The experimental data can be used in the development of materials containing natural 

minerals. 

This research is funded by the Science Committee of the Ministry of Science and Higher Education of 

the Republic of Kazakhstan (Grant AP14870607). 
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A.K. Хасенов, Г.A. Булкаировa, Б.Р. Нусупбеков, E.Р. Шрагер,  

Д.Ж. Карабековa, M.М. Болатбекова, Е.A. Жолдасбек 

Кварц құрамды материалдың жылу өткізгіштігін зерттеу 

Мақалада кварц құрамды материалдардың жылу өткізгіштігі мен термиялық кедергісін зерттеу 

нәтижелері келтірілген. Зерттеу нысаны ретінде Ұлытау облысының Ұлытау ауданында орналасқан 

Ақтас кен орнынан алынған кварц минералы алынды. Бастапқы өлшемі ретінде механикалық әдіпен 

бөлшектенген 5-10 мм болатын кварц минералының кесегі пайдаланылды. Зерттелетін үлгілерді 

дайындау үшін электроимпульс әдісімен ұнтақталған 0,2 мм кварц ұнтағы қолданылды. 

Электроимпульстік технология Юткиннің әсеріне негізделген, сұйық көлемінің ішінде арнайы 

қалыптасқан жоғары вольтты импульстік электр разрядының пайда болуымен жүретін әдістің бірі. 

Минералды қажетті фракцияға ұнтақтау үшін электрогидроимпульстік қондырғының импульстік 

разряд жиілігі f = 3 Гц, импульстік конденсатордың сыйымдылығы С = 0,4 мкФ, импульстік 

разрядтардың кернеуі U = 18–37 кВ болды. Зерттелетін үлгілер келесі өлшемде дайындалды: ені 100 

мм, ұзындығы 100 мм, биіктігі 25 мм. Дайындалған үлгілердің жылу физикалық қасиетін зерттеу үшін 

стационарлық режимде термоэлектрлік әдіске негізделген МЕМСТ 7076 мемлекеттік стандарттарға 

сәйкес және жылу зонд әдіске негізделген МЕМСТ 30256 мемлекеттік стандарттарға сәйкес 

өнеркәсіптік жабдықтар мен құбырларды жылу оқшаулауға арналған материалдардың жылу 

өткізгіштігін және жылу кедергісін анықтайтын ИТП-МГ4 «100» қондырғысы қолданылды. Зерттеу 

нәтижесінде кварц құрамды материалдардың жылу өткізгіштігі мен термиялық кедергісінің 

температураға тәуелділік графигі алынды. Алынған нәтижелер негізінде құрамында кварц бар үлгінің 

жылу физикалық көрсеткіштерінің цементтен тұратын үлгімен салыстырғанда төмен екендігі 

анықталды. 

Кілт сөздер: жылу өткізгіштік, термиялық кедергі, кварц ұнтағы, электримпульс, гранулометриялық 

құрам. 
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A.K. Хасенов, Г.A. Булкаировa, Б.Р. Нусупбеков, E.Р. Шрагер,  

Д.Ж. Карабековa, M.М. Болатбекова, Е.A. Жолдасбек  

Исследование теплопроводности кварцевого материала 

В статье представлены результаты исследования теплопроводности и термического сопротивления 

кварцсодержащих образцов. Объект исследования — природный минерал кварцит месторождения 

Актас, расположенного в Улытауском районе Карагандинской области. В качестве первоначального 

размера использовался кусок кварцевого минерала размером 5–10 мм, который был измельчен меха-

ническим способом. Для изготовления образцов применялся кварцевый песок диаметром 0,2 мм, 

измельченный электроимпульсным методом. Электроимпульсная технология является одним из мето-

дов, основанных на эффекте Юткина, сопровождающегося образованием специально сформированно-

го высоковольтного импульсного электрического разряда в объеме жидкости. Частота импульсного 

разряда электрогидроимпульсной установки для измельчения минерала до нужной фракции составля-

ла f = 3 Гц, емкость импульсного конденсатора С = 0,4 мкФ, напряжение импульсных разрядов 

U = 18–37 кВ. Исследуемые образцы были изготовлены в следующих размерах: ширина 100 мм, длина 

100 мм, высота 25 мм. Для оценки теплофизических свойств изготовленных образцов в стационарном 

режиме применена установка ИТП-МГ4 «100», определяющая теплопроводность и тепловое сопро-

тивление материалов для теплоизоляции промышленного оборудования и трубопроводов в соответст-

вии с ГОСТ 7076, основанным на термоэлектрическом методе, и ГОСТ 30256, основанным на тепло-

вом зондовом методе. В результате исследования получен график температурной зависимости тепло-

проводности и термического сопротивления кварцсодержащих материалов. На основании полученных 

результатов установлено, что теплофизические показатели образца, содержащего кварц, ниже, по 

сравнению с образцом, состоящим из цемента. 

Ключевые слова: теплопроводность, термическое сопротивление, кварцевый порошок, 

электроимпульс, гранулометрический состав. 
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