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THERMAL-CONTAINING MATERIALS BASED
ON PHASE TRANSITION IN THE CONSTRUCTION INDUSTRY

Abstract. The article presents a brief analytical review and possible ways of obtaining heat-accumulating
materials with an optimal specific heat. The resulting heat-accumulating materials are characterized by the following
properties: high enthalpy of phase transition and density; the required operating melting temperature; high heat
capacity, both in solid and liquid phases; absence of stratification of heat-accumulating material and temperature
stability; low thermal expansion and low shrinkage upon melting; weak chemical activity (inertness) to structural
materials. The technical and scientific novelty of the work is the production of heat-accumulating materials, with a
reduction in heat losses, increased heat storage capacity due to an increase in enthalpy of phase transition, protecting
buildings from overheating in the summer and overcooling in winter.
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The impact of energy on the economy can be safely attributed to the number of determinants of
modern social development. The energy problem is one of the key technical, economic and social prob-
lems facing humanity. Ensuring energy demand entails not only the development of the energy complex,
but also rational consumption, energy saving, the involvement of new renewable energy sources in the
energy balance, construction and reconstruction of energy efficient and energy-active buildings.

One of the promising arcas of energy conservation in power buildings is the use of heat storage. The
process of heat accumulation is associated with providing comfortable conditions in the premises of
residential and public buildings using various heat-storage materials (TAM), the accumulation of heat in
which is produced through the use of thermal properties [1-4].

As passive TAM, building materials such as concrete, brick, stone, and wood are traditionally used,
which have high heat capacity. These materials directly absorb and radiate absorbed energy upon heating
and subsequent cooling.

In the expanded version, various compositional mixtures are widely used as TAM of the passive type
[5-7]. However, it should be noted the low heat capacity of such materials, and, consequently, the low
(thermal) heat-accumulating capacity of the structure.

Undoubtedly, the development of heat-accumulating materials in the form of polymer composites
with additives of industrial waste to produce materials with the optimum specific heat is of great interest.

In materials with the latent heat of accumulation, heat transfer occurs during a phase transition when
the material passes from solid to liquid state. These materials are called phase-transfer TAMs. The pro-
perty of such TAMs to increase the heat capacity during the phase transition is used in the development of
effective wall panels, multi-layered enclosing structures with a layer of heat-accumulating material, and
also in heat accumulators. A classic example of the use of phase-transfer TAMs is to maintain the room
temperature by periodically absorbing and releasing the heat of the phase transition during the day and
night.
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At present, multilayered wall panels of the building with phase-transition TAM have been applied | 8-
10]. Such panels provide a reduction of heat losses, increase thermal-accumulating ability due to an
increase of enthalpy of phase transition, protect buildings from overheating in summer and supercooling in
winter.

To increase the accumulating capacity and to ensure the regulation of the thermal conditions of the
rooms, it is recommended to use wall panels with a special layer of phase-transfer thermal-accumulating
material.

The thermal efficiency of application of thermal-accumulating material on the basis of paraffins with
the solid-liquid phase transition in the enclosing structures of the building was investigated in [11]. The
aim of the study was to study the dynamics of cooling of a room with thermal (heat)-accumulating
material in wall constructions.

The thermal-accumulating material is adopted with the following characteristics: melting point
T,=2012°C; density of liquid phase p, =770x2/a*; density of solid phase p =900xe/x’; heat

capacity of liquid phase ¢ =304 KZZQ}C/(KZ-OC); heat capacity of solid phase ¢ :2,91K,ZZ:)fc/(K2-°C ),
thermal conductivity of the liquid phase A _=0,21Bm/ (M- K ); thermal conductivity of the solid phase
A, =03Bm/(u-K).

External wall - three-layer: the first layer (internal) - from heat-accumulating material; second layer -
insulation thickness 250 mm; thermal conductivity 0,06Bm/(M-K); the third layer is made of brick

thickness 510 mm. Room volume 37,5 m’ hight 2.5 m, width 3 m, length 5 m, area of the outer wall,
minus the area of the window 6,5 m’, thickness of heat-accumulating material was taken 10,50 and 100
mm. In figure 1 shows the graphs of the change in air temperature in the room.
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Figure 1 — Change in air temperature in the room

According to the idea of work, when the temperature of the outer surface of the layer of heat-
accumulating material is reduced to the crystallization temperature, the thermal-accumulating material
passes from the liquid state to the solid state, releasing the heat of the phase transition. The temperature of
the TAM layer throughout the entire thickness becomes equal to the temperature of the phase transition.
As crystallization, the boundary of the phase transition shifts to the inner surface of the fence. The process
is completely completed when the boundary of the phase transition reaches the inner surface of the TAM.
This process is reflected by a horizontal plot on the graphs of the air temperature change in the room of
figure 1. After the TAM crystallization process is complete, the cooling process again passes the regime of
regular heat exchange.

Thus, the use of TAM in enclosing structures retains the internal air temperature of the room for a
longer time within acceptable limits, increasing the time of comfortable stay in the room.
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Currently, work is underway to develop encapsulated TAM for inclusion in the finishing layer of the
fence. For example, BASF has developed a heat-accumulating material for a phase transition based on
paraffins, which are microcapsules made of polymers. Inside the microcapsules, there is a paraffin-based
material that has a phase transition at temperatures close to room temperature [12].

Microcapsules are incorporated into various finishing materials. Capsules have high strength and do
not change the technology of working with building materials. Excess heat of absorption during the day, at
night, is released back, which "smoothes out" the temperature fluctuations, creating a comfortable climate
in the room.

In the design of exterior enclosures of buildings, solar energy active use systems have been widely
used in recent years, which are based on a limited combination in the construction of a layer of material
with a large heat-storage capacity and a heat-insulating layer. Ficture 2 shows the energy-active design of
a fence with a heat storage panel [13].
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Figure 2 — Energy-efficient fence construction with heat storage panel:
1 — double translucent coating; 2 — reflective foil film; 3 — wall panel; 4 and 5 — openings in the upper and
lower parts of the fence, respectively inlet and outlet; 6 and 7 — thermostatically controlled dampers;
8 and 9 — respectively, the lower and upper parts of the fence; 10 — the channel; 11 — thermostats, regulating flaps

Together with the heating of air in channel 10, according to the principle of the Trombus-Michel
wall, a heat storage panel filled with phase-transition TAM based on paraffin is heated up to the melting
temperature of TAM and above. The energy-efficient design of the fence ensures a reduction in heat losses
and an increase in the energy efficiency of the building. At the same time, the heat capacity of the
enclosure increases due to the use of a heat storage panel with a phase-transfer heat-storage material, since
its melting enthalpy is greater than the heat capacity of the materials used. Heat accumulation in the fence
panel regulates the thermal regime in the room, and the heat-reflecting layer of the foil and the heat-
storage pane with the phase-transition heat-storage material serve as a heat-shield layer in the enclosure.

Note that the effectiveness of TAM depends not only on the design of the fence, wall panels or heat
storage devices, but also on the use of the most effective materials used as phase-transfer TAMs.
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The accumulating material developed by us on the basis of the phase transition used in construction is
supposed to have the following properties:

— high enthalpy of phase transition and density;

— the required operating melting temperature;

— high heat capacity, both in solid and liquid phases;

— lack of stratification of heat-accumulating material and temperature stability;

— low thermal expansion and slight shrinkage during melting;

—weak chemical activity (inertness) to structural materials.

Thus, the scope of TAM in the construction industry is very wide, which justifies the need to develop
new materials adapted to operational conditions of buildings.

The solution to this problem lies in a strict scientific approach and the need for a systematic study of
the thermophysical characteristics of TAM, ensuring the stability of these characteristics, as well as
intensifving research and using multicomponent TAMs with high values of the heat of phase transition.

The work was carried out in accordance with the contract for the performance of research works
within the framework of state order No. 212-5 dated March 19, 2018 on the theme "Development and
research of thermal-accumulating materials based on commercial paraffins with specified heat engineering
properties for enclosing structures of buildings".
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TENJIOAKKYMYJIMPYIOIIHE MATEPUAJIBL
HA OCHOBE ®A30BOT'O IEPEXO/JA B CTPOUTEJBHOU HHAYCTPUHN

Annortamust. IlpencTaBneHsl KpaTKHH AHANMUTHYCCKHH 0030p M BO3MOXKHBIC CITOCOOBI IOIYYCHHS TEILIO-
AKKYMyJIUPYIOIIUX MAaTepHAIOB, OONAJAIOMIMX ONTHUMAIBHOH YICIBHOH TEIIOEMKOCThIO. [loMyucHHBIE TEILIO-
AKKyMyJIUPYIOIIUEC MAaTepHalbl XapaKTePH3YIOTCA CICAYIOIHMHU CBOMCTBAMH: BBICOKYIO 3HTAJIBIUIO (Pa3oBOro
Nepexo0/1a U MIOTHOCTh; HEOOXOAUMYIO IKCILTYaTAlMOHHY K0 TEMIICPATY Py IJIABICHHUSA, BHICOKYIO TCIULIOEMKOCTD, KaK
B TBEPJOH, Tak U B JKUIKOH (pazax; OTCYTCTBHE PacCIOCHUA TSIIOAKKY MY IMPYIOILIEI0 Marepuasa i TEMIIEPATyPHY IO
CTaOUJIBHOCTb, HHM3KOE TCPMHYECKOE DACHIMPEHHUE M HE3HAYHTEIBbHYIO YCAAKy IPH IUIAaBICHUH; CIa0yH0 XHMH-
YECKYH0 AKTHBHOCTh (HHEPTHOCTH) K KOHCTPYKIMOHHBIM MaTrepraiaM. TeXHHYCCKOH M HAyYHOH HOBH3HOH padoOThI
SABJICTCA TOIYyYCHUE TEIIOAKKYMYIHPYIOIUX MATEPHANOB, ¢ YMCHBIICHHUEM TEIUIOBBIX MOTEPbh, MOBBIMICHHON
TEILIOAKKY MY IMPYIOLIEH CIOCOOHOCTBIO 3a CUCT IOBBILCHUA 3HTAIBIHU (PAa30BOro Iepexoda, MPEAOXPAHSAIOLINS
30AHAA OT MEPETPEBA ICTOM H NEPCOXTAKACHAL 3HMOM.

KiroueBble ¢/10Ba: TEIUIOAKKYMYJIUPYIOINHE MAaTEpPHAIbl, KOHCTPYKLUHH, TEMIICPATypa, TEILIOEMKOCTb,
KPUCTAJUTH3AIHL.
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KYPBLUIBIC HHAYCTPUACBIHIAATBI ®A3ZAJIBIK AYBICY HEI'I3H/JE
AJIBIHATBIH KBIIYAKKYMYJIANUAJTAYIIBI MATEPHAJIJIAP

Annotamusa., Makanaga OHTAWIBI MCHIMIKTI JKBUTYCHIMBIMIBUTBIK KACHCTIHC HC IKBLIYAKKMYJIIHIAYIIBI
MaTepHaNAapabl Iy MYMKIHZAITT MCH KbICKAIIA AHANIMTHKAJIBIK SACOMCTTIK IOMyIap OepiareH. AJIBIHFAH KBLIY-
AKKMYJDIOPSUIAY OBl MATEPHATIAp Kelecli KacHeTTepre Me OOIATHIHBI AHBIKTAIIBL (DA3aibIK AyBICYIBIH MKOFAPFBI
SHTAJBIHSACH MCH THIFBI3IBLIBIFEL, KAKETT1 IKCILIY ATAIMSIIBIK OATIKy TEMIICPATYPAChl, KATThI KIHE CYHbIK (pa3agarsl
SKOFAPFBI KLY CHIMBIMIBLIBIK, KbLIY AKKMY JLIIMSUIAY Bl MATCPHANIAPAGIH KaOATTAHYBIHBIH OOIMAaybl MCH TEM-
TepaTypaNbIK TYPAKTHUIBIFBL, TOMCHTI TEPMILUIBIK KCHEIO1 KoHE OanKy KE3iHIAC a3FaHa INeryi, KOHCTPYKIMIBIK
MaTepHAIAAPFa JJICI3 XUMHUATBIK OCICCHAUTITI (MHCPTTUIK). BYJT sKYMBICTBIH TCXHHKABIK JKOHC FHUTBIMHA KAHAJIBIFBI
SKBITYy AKKMYJUIIIBIIAY OBl MAaTepHANIapAblady Ke3iHae Kenmeci (akToprap: >KbUly IOBFBIHIAPABIH TOMEHACYI,
KbICTAKATTHI CYBIKTAY/JAH JKOHE 7Ka34a KbI3IT KETYJACH FUMAPATThl KOPFANTHIH, (Pa3asblK aybICy KE3iHAC IHTAIBITHSA
aPTTHIPY aPKBLII KBITY CAKTAY KAOLICTI apTYhl CCKECPLITCH.

Tyiiin ce3aep: KbLIy aKKMY JSIIHSIAY OIbI MATEPHANAAP, KOHCTPYKIUSIIAP, TEMIIEPATY Pa, SKbLITY CHIHBIMABLIBIK,
KPHCTAILTH3ALIHS.




