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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 pF, 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-MG4 “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 A 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 uF; 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-MG4 “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 3. Powder size 0.2 mm quartz Figure 4. Heat conductivity meter ITP-MG4 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 °C), the temperature of the heater was changed from 25 °C to 45 °C. 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. Temperature-dependent change in heat conductivity of samples
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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 A =0.569-0.596 W/m-K. The thermal conductivity of the quartz-
containing material varied in the following intervals: A = 0.516-0.521 W/m-K for a mixture of Portland
cement of the 50 % M400 brand and A = 0.400-0.411 W/m'K for a mixture of Portland cement of the 50 %
M400 brand; A = 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. Xacenos, I'.A. bynkauposa, b.P. Hycyn6ekos, E.P. [lIparep,
J1.K. Kapa6ekxoBa, M.M. bonar6ekosa, E.A. XKonnacbek

KBapu kypamabsl MaTepHaJIbIH KbLIY OTKI3TIIITITH 3epTTEy

Makanaza KBapl Kypamjbl MaTepHaliapAblH JKbUTYy OTKI3TIIITIN MEH TEepMUSUIBIK KeAepriciH 3epTrey
HOTWOKeNepl KenTipinred. 3epTTey HBICAHBI peTiHAe YJbITay OONBICHIHBIH YJIBITAay aylaHBIHIA OpHAIaCKaH
AKTac KeH OpHBIHAH albIHFaH KBapIl MUHEpabl abIHABL. bacTankel emmemi peTiHge MeXaHUKAIBIK oJileH
OemmexrenreH 5-10 MM OonaThIH KBapll MHUHEPANBIHBIH Keceri MaiganaHbUIABL 3epTTeNeTiH YITinepai
JaWblHIAy YIIIH OSJIEKTPOUMITYJIBC ojiciMeH yHTakramraH 0,2 MM KBapl YHTarbl KOJIAHBUIJBL
DNeKTPOUMITYNIBCTIK TexHosoruss FOTKMHHIH ocepiHe Heri3JeireH, CyHbIK KOJEMiHiH ilIiHge apHaiibl
KaJIbIITaCKaH YKOFapbl BOJBTTHI UMITYJIBCTIK 3JIEKTP pa3psIbIHBIH Maiia OOJTybIMEH JKYpETiH omicTiH Oipi.
Munepanapl KaxeTTi (pakiusra YHTaKTay YIIiH 3JIeKTPOTHIPOUMITYNBCTIK KOHIBIPFBIHBIH HMMITYJIBCTIK
paspsa skuimiri f=3 T, wummynsctik KoHIeHcATOpAbiH ChIABIMABUIBIFEL  C = 0,4 MKD, HMITYIBCTIK
paspsinrapabie kepaeyi U = 18-37 kB Gonapl. 3epTrenerin yiarinep keieci enmemzae AaibHaanp: exi 100
MM, Y3bIHABIFBL 100 MM, OuikTiri 25 MM. [laiibiHAANFaH YATIIEPAIH KBUTY (U3UKAIBIK KACHETIH 3epTTEY YILIiH
CTalMOHAPJIBIK PEXUMIC TEPMOAJIEKTpIik omicke HerizgenreH MEMCT 7076 meMilekeTTiK CTaHAapTTapra
coiikec JkoHE KbUTy 30HI omicke HerizgenreH MEMCT 30256 MemiekeTTiK CTaHIapTTapra CoWKec
OHEpKACINTIK JkaOABIKTap MEH KyOBIpIapAsl JKBUTy OKIIAyJlayFa apHalFaH MaTepHalJapIblH KBLTY
OTKI3TIIITITIH jXoHEe XbuUTy KezaepriciH aHblKTalThiH W TIT-MI'4 «100» KOHABIPFBICHI KONJIAHBUIABL 3epTTey
HOTIDKECIHIEC KBapll KypamIbl MaTepuaIap/blH JKbUTy OTKI3TIIITINI MEH TEPMHSIBIK KeAepriciHiH
TeMIeparypara ToyeniIiK rpaduri ajabHABL. AJIBIHFAH HOTIDKEIEp HEeTi3iHAe KypaMbIHa KBapll O0ap yIriHiH
KbUTYy (U3MKAIBIK KOPCETKIIITEPiHIH LEMEHTTeH TYpaThlH YJTIMEH CalbICTBIPFaHIa TOMEH eKEHIIri
QHBIKTAJI/IBL.

Kinm co30ep: bUTy ©TKI3TIMITIK, TEPMISUIBIK KEAEPTi, KBAPLl YHTAFEI, SIEKTPHMILYJIBC, TPAHYIOMETPHUSIIBIK
Kypam.
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I/ICCJIEJIOBaHI/Ie TENJIOIIPOBOTHOCTH KBAPUEBOI0 MaTepHaJia

B craTthe mpezncTaBieHbl pe3yabTaThl HUCCIENOBAHUS TEMIONPOBOIHOCTH M TEPMHUYECKOTO CONPOTUBICHUS
KBapIicojepkammx o6pasnoB. OOBEKT HCCIENOBaHUS — IMPUPOJHBI MHUHEPAT KBAaPLUUT MECTOPOMKICHUS
AKTac, paclooKeHHOro B YiblTayckoM paiione KaparanaumHckoit obmacti. B xauecTBe mepBOHaYaJIbHOTO
pa3Mepa HCIONb30BaNC KyCOK KBapIeBOro MHHepaina pasMepoM 5—10 MM, KOTOpEIi ObLT M3METbUEH MeXa-
HUYECKHM CIIOCOO00M. [yl M3roToBIeHHs 0OpasloB NPHMEHSUICS KBapleBBIH mecok auamerpoM 0,2 M,
M3MENTbYEHHBIN 3JIeKTPOUMITYIbCHBIM METOAOM. DJIEKTPOMMITYIJIECHASI TEXHOJIOTHS SIBISIETCS OJHAM U3 METO-
JIOB, OCHOBaHHBIX Ha 3ddekre FOTKHMHA, cConpoBOXIaroIIerocss 06pa3oBaHUEM CIEIHATEHO ChOpMHUPOBAHHO-
TO BBICOKOBOJIFTHOTO HMMITYJIBCHOTO 3JIEKTPHUYECKOTO paspsna B 0O0beMe JKHAKOCTH. YacToTa MMITYJIECHOTO
paspsza SNEKTPOrHAPOUMITYIIBCHOM YCTaHOBKH ULl U3MENBUCHHS MUHEpalla 10 HY)KHOH (paKiuy cOCTaBIIs-
da f=3 T'u, emxocts ummmyabscHoro koumeHcaropa C =0,4 Mk®, HampsDKEHHE HMITYJIBCHBIX Pa3psiIoB
U = 18-37 kB. Uccnenyembie 06pasiibl ObUTH H3TOTOBJICHBI B CASAYIOMMX pa3Mepax: mupuna 100 MM, 1minHa
100 mm, BbIcoTa 25 MM. 1715 OLIEHKH TETIO(U3NUECKUX CBOHCTB M3TOTOBICHHBIX 00Pa3lioB B CTAIIHOHAPHOM
pexxume npuMeneHa ycranoBka UTII-MI'4 «100», onpezendromias TEIUIONPOBOJHOCTh U TEIIOBOE COIPO-
THUBJICHHE MaTepHaIoB Ul TEIUION30JIIIUN IIPOMBIIUIEHHOTO 000pyJOBaHUS U TPYOOIIPOBOAOB B COOTBETCT-
Bun ¢ 'OCT 7076, ocHoBaHHBIM Ha TepMoaiekTpruueckoMm metoze, 1 ['OCT 30256, ocHOBaHHBIM Ha TEILIO-
BOM 30HIIOBOM MeToJie. B pesynpTare nccienoBanus moiydeH rpaguk TeMIepaTypHOH 3aBHCUMOCTH TEIIO-
MPOBOJHOCTH U TEPMHUYECKOTO COIPOTHBIICHHS KBAaPIICOAEP KAIINX MaTepranoB. Ha 0oCHOBaHMU MOTydeHHBIX
pe3yIbTaTOB YCTAHOBIECHO, UTO TEIIO(PH3NYECKHe IOKa3aTean oOpasia, COAep Kallero KBapll, HIDKe, MO
CPaBHEHUIO ¢ 00pa3IOM, COCTOSIINM U3 L[EMEHTA.

Kniouegvie  cnoea:  TEHIONPOBOJHOCTb, TEPMHUECKOE  COMPOTHUBICHHWE, KBAPLEBBIH  ITOPOIIOK,
3NEKTPOUMITYJIBC, TPAHYJIOMETPUIECKHH COCTaB.
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