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DEVELOPMENT OF HEAT STORAGE MATERIALS BASED
ON COMMODITY PARAFFINS

Abstract. Heat storage materials on the basis of liquid paraffins and their narrow fractions with the set
temperature of phase transition and the increased heat capacity for enclosing the structures of buildings are received.
A method of formulating compositions heat-storage materials with melting temperatures below 25°C and increased
heat capacity from a mixture of narrow fractions of commodity paraffins is proposed. The technique of obtaining
heat-storage materials on the basis of commodity paraffin by mixing components, in obtaining HSM with specified
thermal characteristics, the research of component composition, physico-chemical and thermophysical properties, in
the research of their operational properties. The technical conditions for the obtained heat- storage materials on the
basis of commodity paraffins are developed and the possibility of their application in the enclosing structures of
buildings is substantiated. The developed heat-storage material with the set operational properties provides energy
saving due to increase of heat capacity and intensity of heat exchange of enclosing designs of buildings.

Key words: heat-storage materials, thermal properties, phase transition, paraffin, fraction.

Introduction. One of the solutions of regulating the dynamics of cooling of buildings is the use of
heat accumulators in enclosing structures. Heat accumulators allow to smooth out daily unevenness and to
save energy consumption for heating.

Currently, batteries apply with the using heat- storage materials (HSM) phase transition to maintain a
constant temperature in the building. In this case, there is a need to obtain heat- storage materials with a
melting point close to 25°C, for their use in the enclosing structures of buildings to regulate the heat in
their rooms.

One of the key points of reducing energy consumption in construction is the use of the achievements
of scientific and technological progress in the production of energy-saving building materials, structures
and equipment, as well as improving the heat-shiclding qualities of building envelopes [1]. The
development of such a scientific and experimental direction in construction as the creation of buildings
with efficient use of energy is associated with the accumulation of heat in the enclosing structures of
buildings, which leads to the formation of a new direction in the production of energy-saving building
materials, such as heat storage materials [2-4].

A promising and economically feasible direction in the production of heat storage materials is the
development of new energy-saving materials with a hidden form of energy storage, which include phase-
transfer heat storage materials [5-8]. In the transition from solid state to liquid heat storage materials
behave like traditional storage materials, their temperature rises when they absorb heat [9]. In contrast to
the known heat-accumulating materials in phase-transition heat-storage materials, heat transfer occurs due
to the creation of a crystalline structure, and accumulation occurs due to the destruction of the structure
during melting. Our analysis of the thermophysical properties of thermal storage materials showed that the
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Table 1 — the Composition and properties of heat storage materials obtained by mixing liquid and solid paraffin.

Temperature
HSM Components Content % mass - —
Melting Beginning The end

C,4Hs - C;-H. 555

HSM -35 S 35 47 30
CigHag — CyHyy 44.5
Cy,Hy - C;-H. 99.4

HSM -25 T e 25 44 21
CigHss — Cy1Hyy 10,6
Cy4Hs - C;-H. 25.9

HSM -20 S 20 42 12
CigHizg — Cy Hyy 74,1
Cy,Hy - Cj-H. 16,7

HSM 15 e I 15 35 7
CieHag — CoHyy 83.3

As shown from data in table 1.2 by mixing commodity liquid and solid paraffin in various ratios, it is
possible to obtain heat-storage materials with the required melting points.

Results and discussion. As indicated, heat-storage materials of a given thermal properties can be
obtained by mixing in different ratios of individual n-alkanes. To allocate fusible fractions from the
composition of commercial paraffin, a method based on sequential extraction of fractions with solvents or
their mixtures differing in solubility parameters was used [11-13].

According to the method, the paraffin suspension was placed in a two-headed flask with a nozzle, in
one throat of which a Schott filter was soldered. The nozzle is a glass tube length from 15 to 20 mm and
with an outer diameter of 6-8 mm, internal — 4-6 mm.

Paraffin melts in a flask with a nozzle. And then it cools. In this case, the nozzle in the flask is
constantly shaken in order to obtain thin paraffin on the nozzle. Next, a certain amount of methyl ethyl
ketone is poured into the flask. After careful mixing and holding for 6 hours, the solvent is poured through
a Schott filter into a preliminary weighted porcelain cup. The solvent from the porcelain cup is distilled
off, and the fraction is weighed. A mixture of methyl ethyl ketone and toluene in a ratio of 75:25 is poured
into the flask [14]. Similarly, the first is allocated the second fraction, the third, etc. The melted
temperature was determined by the selected paraffin fractions.

Using the developed method, the product commodity paraffin was fractionated and the fraction with a
low melting point was isolated.

It was noted that for individual n-alkanes and their mixtures, the melting enthalpy includes both the
enthalpy of the actual melting and the enthalpy of the phase transition to the crystal state.

For individual n-alkanes, the temperature limit in which heat is absorbed or released is 5-70 °C for
even n-alkanes and 8-110 °C for odd n-alkanes.

By mixing several individual n-alkanes, it is also possible to obtain heat-storage materials with the
required melting temperatures and with the enthalpy of melting and phase transition at the level of
180-220 j/g.

The following requirements are applied on heat-storage materials with a melting — crystallization
phase transition:

- the required melting point;

- the maximum enthalpy of melting and phase transition in the crystal state during the transition of
the heat-storage material from the solid state to the liquid state and vice versa;

- a small difference in melting and crystallization temperatures, as well as high stability of these
temperatures.

Based on these requirements (melting point and high enthalpy of melting and phase transition), heat-
storage materials HSM-25-1 and HSM -25-2 were made by mixing individual n-alkanes, as well as HSM -
25-3 by mixing commercial liquid and solid paraffin.

From the literature it is known that to obtain the smallest difference of temperatures of melting and
phase transition mix of the neighboring n-alkanes, however, in this case the melting temperature and phase
transition enthalpy of melting of mixtures of n-alkanes are not averages of the individual components.
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(pM3MKATIBIK KACHETTEPIH 3EPTTCY, ONAPABIH MAWAanaHy KaCHETTEPIH 3epTTey daici a3ipnenai. Tayapisik mapaduH-
JIep HETi3iHIe KbIIy >KHHAKTANTBIH MATCPHAITAPFA TEXHHUKAJbBIK IIAPTTAP ANBIHIBI XKOHE OJApAbl FUMAPATTAPIbIH
KOpImay KOHCTPYKIMIAPBIHAA KOJTAHY MYMKIHITI HETi3aeareH. bepinreH maiimanaHy KacHeTTepi Oap o3ipIcHIeH
SKBUTY JKHHAKTAFBIII MATEPHAIl FEMAPATTAPABIH KOPIIAY KOHCTPYKLMIAPBIHBIH JKbIITY CHIHBIMIBIIBIFBI MCH YKbIIY
AIMACYBIHBIH KAPKBIHIBUIBIFBIH APTTHIPY €CEOIHEH IHEPTH YHEMIACYAlI KaMTaMachl3 ereai. bacTamkel CYHBIK *KOHE
KaTThl mapauHIl apanacTeIpy MacCajiblK YJICCIH aHBIKTAY KYMBIC YCHIHBIMIAPBIHA COMKeC KYprizimai. Tayapibik
CYMBIK JKOHC KATTHI mapaQuH MCH (pakmusuiapbiH apanacteipy 40-500 ¢ TeMmepatypaga »KOHE 3CpPTXaHABIK
JKAFAAMIA KypaMbl MYKHAT apaTacThIPBIIIBL

Bepinren by KacHEeTTEPl HETI3IHAE HKbIITY *KHHAWTBHIH MaTepHANIap *ekejereH H-ankanmapasry Typi KaThl-
HACBHIHZA ApANaCTHIPY apKbLIBI aJbIHYBI MYMKIH. TayapibIk mapaguH KypaMbIHIA XKbULIAM OATKUTHIH (ppakumsuiap-
ZI6I 06Ty VIIiH OHBIH CPITKIII HEMECE epirimTik mapaMerpiepi OOMBIHIIA EPEKIIEICHETIH KOCIAIApbIMEH OipTiHACT
aly¥a HETI3JCNTeH 9JiC KOJAAHBLIABL O3IpICHICH daicTeMe OOMBIHINA 6HIMHIH Tayapis! mapaduHia (pakmusianm,
Oanky temmeparypacsl TeMeH (ppakiusaael Oemin anasl JKekenereH H-ankaHaap MCH OJApABIH KOCHATAPHI YIIiH
OanKBITY SHTANBIIICHI HAKTHI OANKYy SHTANBIIACHIH 13, (a3aiblk 6Ty JHTANBMISICBIH 1A KPUCTAJIbl >KaFnaira
Kocazpl. JKexe H-ankanaap yImiH KbITy SKYTHUIATBIH HEMECE O6NIHETIH IIEKTI TeMneparypa »yn H-ankanmap yrmia
5-70 © C sxone Tak H-amkangap ymmin 8-110 © C xypaiiapr. Ockl Tamantapabl eCKepe OTHIPHIN (0aIKy TeMIeparypachl
JKoHE OaNKy MCH (Das3ambIK ©TyIiH JKOFaphl SHTATBIHACKH) skeke H-amkaHmapasr apanactsipy skomsmveH XOKM-25-1
skore KOKM-25-2, coHnmaii-ak TayapiblK CYHBIK YKOHE KAaTThI mapaduaai apanacTsipy apKeuibl AXOKM-25-3 sKbLIbIT-
KBIII Matrcpuammap JaierHmanasl. KaTTel mapaueOl KeI3OBIPFAHAA PH KPHCTAIABIK KyHAeri (pa3amblK TYPJICHYTC
YIIBIPAN/IBL, KbUTY CBIHBIMIBIIBIFBIH YIFAUTAIBL, A1 XKOFAPhl TEMIIEPATYPara )KETKEH Ke3/e mapa(uH OarKuIbl xKIHE
SKBUTY CHIMBIMIBLIBIFEL KAHTATAH KYPT ecesi. 2-KecTeie KOPCETIMMeHACH, JKbUTY KHHAUTHIH Matepramas! (KOKM-25-3)
OHAIPY OapbhICBIHAA KATTHI >KOHE CYHBIK MapaduHACpAl apanacTeIpy OanKy 3HTANBIASACHIHBIH, KPUCTANIBIK JKaFJaiFa
(hazaibIK aybICY MCH KAJIBI 3HTATBIUIHEI (OJAPIBIH KOCHHABIIAPHL) azaiTaasl. HSM KocmachIHAAFBI KOMIIOHCHT -
TEp KEHEHTCH/IC SHTATBITHS MOJIICP] a3aspl.

Jemex, AOKM (pakimsaiabk KypaMbl KCHEHTCH CAMbIH, €pPITY SHTANBIIICH COFYPIbIM TOMCHICH, YJFalFraH
TeMIIepaTypa Auana3oHsiHaa 0ankuasl. Temmeparypagan AOKM-25-1 sxone AOKM-25-2 KbuTy CHIMBIMABLIBIEFBIHBIH
esrepy rpaduxrepi XOKM-asH >KeITy CHIMBIMIBUIBIFBI TYPIL TEMIEpaTypajga Oamky MeH (ha3aibIK e3repicrepre
GarinaHbICTHl ©3repeTiHiH, coHmai-aK XOKM-apiH Oankys! Oenrimi Oip TeMmepaTypanblk HHTESPBAIIA KYPETiHIH
kepcereni. CyHbIK »oHE KaTThl mapa@uHACPAl apanacTeipy apKeLibl amsiaFaH JKOKM-25-3 razoxpomarorpausibik
KYpaMbl K6MipPCYTCKTSP KOCTACH 0ap 6-1aH actaM »eke H-akaH Ke3aeCeTiH CaapICTRIPMAIIEI Tap (PPaKIusaab Oimi-
pexni. Ocbrran OalIaHBICTHI CYHBIK KOHE TayapJibl KATTHI Mapa(uHAl apanacTsIPy apKbLIEI AJIBIHFAH KbLTY KHHAWTBHIH
MaTepHammap xeke H-amkaHmapasiH apamacysl Heridiaae amsraFaH HSM-25-1 sxore HSM-25-2 campicThipranga
OanKbITY SHTATBIHACH TOMEHACHNI. CyHBIK JKOHE TayapIisl mapauHACPII apanacThIpy HKOJIBIMEH AJBIHFAH, OPTAIIa
MOJEKyIambIK Maccacsl 240,0-neH 242.0-re AeHiH Kby KMHAWTBHIH MaTepuanmapas 158,0-aeH 162.0 [k / r-ra
JICHIH EPITY 3HTAJIBIHACHI JKOHE KPUCTAIABI KyHaeT! (ha3amblK aybICy SHTANBIILICH THiciHIme 19,3-ten 20,03 JLk / r-ra
JIeHiHTi apamsikra Oomaapl. banky 3HTAMBOIACHHBIH koHe JHOKM-25-3 (pasambIk ayeicyablH TeMceHaeyi H-amkan-
mapasH (90,4 Mac.% ) sxone H - amxannmapra xarnaiitein Kocnanapasie (7.8 mac.%) H-amkanmapra xkatnaii-TeIH
KeMipcyTekTepaiy sxoHe HCM skarmalibiHma KpUCTATIAHOANUTHIH KOMIPCYTCKTCPAIH KypaMbl, COHOAH-aK TayapJbIK
CYHBIK KOHE KaTThI MapaduHaep KOCHACHIHBIH (PPAKIMSIIBIK KYPaMbI OAJKy SHTAJbIMCHIHBIH JKOHE XKBUTY aKKyMOJI-
JANTBIH MaTepua b (Dasanblk 6Ty MIAMACHIH AHTAPIIBIKTAl TOMCHACTE I

Tyiiin ce3aep: XbUly aKKyMJUIIISUIAYIOBI MAaTCpHAIAP, JKbUIYy TEXHHKA KAcHeTTepli, (hazalblk erTy,
mapaduaaep, Qpaxums.
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PA3PABOTKA TEIINIOAKKYMYJIHUPYIOIINX MATEPHAJIOB
HA OCHOBE TOBAPHBIX TAPA®HUHOB

AnHotanmusa, [loayucHB TCIIOAKKYMYJIHPYIOIIHC MATCPHATB HA OCHOBC JKHAKHX MAPaQUHOB M HX Y3KHX
(¢pakimu ¢ 3aTaHHOM TeMIEpaTrypoil (Ha30BOTO MECPEX0Ja M TMOBBINICHHOHW TCIIOCMKOCTBIO IS OTPAKIAFOIINX
KOHCTPYKIMH 37aHMH. [IpeasoskeH METOJ COCTABICHHA KOMIOZHIMH TEIIOAKKYMYJIHUPYIOIIMX MATCPHATIOB C
TEMICPATYPAMU IUIABIICHUA HIKS 25°C M NOBBIICHHON TEIIOGMKOCTHIO W3 CMECH V3KHX (Ppakunii TOBAPHBIX
nmapaduHOB. Pa3zpaboraHa MeTOMMKA IOJYUCHHUS TEIUIOAKKYMYIHPYIONIMX MATCPHAIOB HA OCHOBE TOBAPHBIX Iapa-
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(D)MHOB ITyTEM CMEIICHUS KOMIIOHCHTOB, B OIyUCHHH TAM ¢ 3aJaHHBIME TCTNIOTEXHHYCCKAMH XapPAKTEPUCTUKAMH,
HCCIICOBAHUA KOMIIOHCHTHOTO COCTaBa, (PM3HKO-XUMHUYCCKHUX H TEIUIO(QH3HMICCKUX X CBOWCTB, B UCCICIOBAHUN MX
JKCILIy aTal[HOHHBIX CBOUCTB. [10Iy4eHBI TEXHHUECKHUE YCIOBUS HA TCIDIOAKKYMY THPYIOIIUE MAaTCpPHAIbl HA OCHOBE
TOBApHBIX MapaMHOB W OOOCHOBAHA BO3MOKHOCTh HX MPUMCHEHHS B OTPAKJAIOIINX KOHCTPYKUIHWSIX 3TAHHH.
PazpaboTaHHbIH TEIUIOAKKY MY TUPYFOIMUH MATEPHAI C 3aTAHHBIMHE KCILIYaTAlHIOHHBIMHU CBOMCTBAMH 00CCIICUHBACT
JHEProcOEPEKECHUE 3a CUCT MOBBIMICHAS TCIUIOEMKOCTH M HHTEHCHBHOCTH TEIUIOOOMEHA OTPAKIAIONINX KOHCTPYK-
oui 31aHui. OnpeneicHue MacCOBOHM JA0JIM CMCIIHBAHUS HCXOJHOTO JKHAKOTO M TBEPAOTO MapaduHa MPOU3BOIHM-
JOCh B COOTBETCTBHH C PEKOMEHIAIMAME padoTsl. CMEIMMBAaHIE TOBAPHOTO YKHAKOTO M TBEPAOTO mapaduHa u mx
(paxmuii ocymecTeism npu Temmneparype 40-500C u TImaTeIpHOM MepeMENIMBAHUN COCTABA CMECHTENEM B J1a00-
PaTOPHBIX YCIOBHIX.

Kak ykazaHo, TEIII0aKKyMyIMPYIOIIIE MATCPHAIIBI C 3aJAHHBIMHE TCIUIOBBIMA CBOMCTBAMH MOTYT OBITH ITOJIY e~
HBI IyTEM CMCIIMBAHIA B PA3JIMYHBIX COOTHONICHHIX OTACIbHBIX H-amkanos. [/ BRIACICHUS IETKOIUIABKUX (Ppak-
WA W3 COCTaBa TOBAPHOTO mapadmHa OBLI MCIOIb30BAH METOA, OCHOBAHHBIM HA IOCJICIOBATCIHHOM H3BICUCHUHI
(pakmmi PaCTBOPUTEILIMU MM HX CMECAMHE, PA3IHMUYAIONIMMUCS IO MapaMeTpaM pactsopumoctu. [1o pazpabortan-
HOH METOJUKE TOBAPHBIA mapamH MpoayKTa (PpaKIHOHMPOBANK M BBHIACISUIN (DPAKUMIO C HU3KOH TEMIEpaTypoH
IUIABJCHUS. BBITO OTMEYEHO, YTO 11 OTACIBHBIX H-aIkaHOB M MX CMECEH SHTANBNUS IUIABJCHHS BKIFOYACT KAaK
SHTAIBIHIO (PAKTHIECKOTO IUIABICHUS, TAK W SHTAJBIHIO ()a30BOTO Mepexoa B KPHCTAJLIMUCCKOE COCTOsHUE. JIIist
OTACTBbHBIX H-amkaHOB mMpeaeabHAsS TEMIIEPATypa, MPH KOTOPOH TEIUIO MOTJOIACTCS MM BBIACILICTCS, COCTABISIET
5-70 ° C gna yernpix H-ankanos u 8-110°C mma reuerHsrx H-ankanoB. Micxons w3 3tux TpeOOBAHHH (TEMIICpaTypa
TUIABJICHUS M BBICOKAS 3HTAIBINMS IJIABJICHUS M (Ha30BOTO MEPExo0/a), ObUIM M3rOTOBJICHBI TEILIOAKKYMY IHPYIOIIHC
marepuansl ['CM-25-1 u TCM-25-2 myTeM cMENIMBAHUS MHAMBUAYANbHBIX H-anmkanos, a take ['CM-25-3 myTtem
CMCIIHMBAHH TOBAPHOTO >KHIKOTO M TBEPAOTO IMapaduHA. pH HATPEBAHWH TBEPAOTO MapauHa OH HMPETCPICBACT
(a30BbIC TPEBPAINCHUS B KPHUCTALIMUCCKOM COCTOSHHH, HPUBOJAMIME K YBEIMUCHHIO TEINIOGMKOCTH, 4 IIPH
JOCTIDKCHUM OOJIce BBICOKOH TEeMIIEparypsl mapauH IUIABHTCH, M €T0 TEIUIOEMKOCTh CHOBA PE3KO BO3PACTACT.
CMermeHne TBEPABIX U JKUAKHX MapaQuHOB IPH MPOH3BOJACTBE TEIIOAKKYMYyIHpyomero matepuana (I'CM-25-3),
Kak Bumao w3 TaOnmipl 2, TPUBOAWT K YMCHBUICHUIO JHTANBINH IUIABICHWI, (Pa30BOTO mepexoga B
KPHCTAJUIHYECKOE COCTOSIHUE M 00MIEH SHTAThINH (X CyMMBI). Pacmmpenne koMnoHeHTOB B cMecn HSM npuBoaut
K YMCHBIICHHUFO BEIMYHHbBI SHTAJBITHH.

CrenosarenpHo, yeM mmpe (ppakuuoHHbIA cocTaB ['CM, TeM HIDKE SHTAIBIHNS IUIABJICHHA U B 00JIee MIMPOKOM
JHATIA30HE TEMIICPaTyp mpoucxoaut miasicHue. [padukn m3meneHUs temwmoemMroctd [ CM-25-1 u TCM-25-2 or
TEMIIEPATYPhI MTOKA3BIBAOT, YTO TEIUIOEMKOCTh ['CM H3MEHAETCS B 3aBUCHMOCTH OT IUIABJICHUS | (DA30BBIX IPEBPa-
HICHUH TPH PA3IUYHBIX TEMIIEPATypax, a Takke miasiecHue ['CM mpoucXoauT B ONPEACICHHOM TEMICPaTypHOM
uHTepBaye. ['azoxpomarorpadmueckuii cocras 'CM-25-3, mony4eHHbBIH CMEIICHUEM KXUIKUX M TBEPABIX mapadu-
HOB, MPSIACTABIICT CO00# OTHOCHTCIBHO V3KYIO (DPaKIHro, coaepkarmyro Ooyiece 6 WHIHBHAYANbHBIX H-ankaHOB C
TIPUMECHIO YIIICBOAOPOIOB. B CBSI3H C 3TUM TEIUIOAKKY MY TUPYIOIIHE MATCPHUAIbL, IOy YCHHbBIC CMECIICHUEM KHIKO -
TO M TOBAPHOTO TBEPAOTO MapaduHa, mMErOT 00JIce HU3KYIO SHTAJBIHUIO IUIABJICHUSI MO cpaBHeHMIO ¢ HSM-25-1 n
HSM-25-2, mony4eHHBIMH CMCIICHHCM HHAMBHAYATBHBIX H-amkaHoB. TemIoakKyMy THPYIOIINE MATCPHATBI, MOITY-
YCHHBIC ITyTEM CMEIIHBAHNS KUAKUX U TOBAPHBIX MAPAQHUHOB, CO CPEAHEH MOIEKYLIpHOH Maccoi ot 240,0 no 242.0
HMCIOT 3HTANBIMUI0 maBicHuA OT 1580 no 1620 [k / r u 3HTATBIHIO (HA30BOTO MEPEX0Aa B KPHCTALIMUCCKOM
cocrostHud OT 19,3 mo 20,03 Ik / T cooTBeTCTBCHHO. CHIDKCHHC SHTAJIBIHHE IUIABICHUA H (Da30BOTO MEpPexoa B
'CM-25-3 oOpacuseTcsa 0ojee HHU3KHM coaepxkanmeM H-amkanoB (90,4 Mac.%) u coacpikaHHeM TpHMECeH, HE
orHOCAImuXCA K H - ankanam (7,8 mac.%). ComepkaHue yTICBOAOPOAOB, HE OTHOCAMMXCH K H-aakanam, H yIacBo-
JIOPOAOB, HE KpHCTaLIu3yromuxcs B ycrosmwix HCM, a taxke mmpokuii (PpakuuOHHBIN COCTAB CMECH TOBAPHBIX
SKUIKUX W TBEPIBIX MAapa(UHOB CYMICCTBEHHO CHIDKAIOT BEIMYHHY SHTAIBIMHN IUIABJICHHUS M (Da30BOTO IMEPexona
TEMJIOAKKY MY THPYIOMIETO MATEPHATIA.

KioueBbie c/IoBa: TEIUTOAKKYMYJUPYIONMAE MATECPHANBL, TCIUIOTCXHHYICCKUE CBOMCTBA, (pa30BOH IMepexof,
napaduHsl, pparums.
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