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Evaluation of heat-accumulating properties
of organic acids and their composites with REE

In this paper the melting heat of palmitic and stearic acids was defined by the electrochemical method. ltywas
shown that the melting process is accompanied by heat emission. During all time of thermal cyclingfthe be-
havior of curve is preserved. It is found that for a mixture of palmitic acid and REE melting pro€ess is ac-
companied by changes in the structure of the complex and ion pairs. It was revealed that the heat of fusion of
the composite of palmitic acid and cesium chloride is higher than of the organic acid through the formation,of
crystallization centers with a high melting point. Consequently, the mixture of organic acids ¢ontaining ce»
sium ions may be recommended as a heat accumulating material.
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The heat-storage materials (HAM) based on phase transformations [1<10] aterwidely used currently in
various fields of science and technology, in everyday life. They are used in the instrumentation for removing
of heat at high heat loads to protect electronic devices from ovesheating, to stabilize the room temperature. In
the heat power engineering they serve for the rational use of thermaltenergy and for accumulation of solar
heat to smooth daily and seasonal peaks in energy consumptign, lowering energy costs, in the heat accumula-
tors for storing and transporting medicines and foods, for supporting'the temperature in the cab of cars and
railway locomotives etc.

Due to the lack of systematic studies of the inflitienee,of'different factors on the liquid phase and the ki-
netics of solidification, the literature data contain alet of contradiction that hinder the further development of
the theory of crystallization of supercooled stat€¥and ‘obtaining reliable experimental means of influence on
the structure and properties of HAM. For the [use as @storage tank there are following requirements to HAM:
a phase transition should have a pronounéed effect 0t the latent heat (ability to accumulate large amounts of
heat in melting), slight supercooling ddring,crystallization; possess good reproducibility phases transmission
properties over a large number of theérmal cyeles, the phase transition should occur near real melting temper-
ature, and they must be affordable,and aceessible; there should comply with health and environmental safety;
there packing in a container and the,Container material must provide the best conditions for the transfer of
heat.

The aim of the workgis to_defermine the specific heat of fusion of organic acids and composites with
REE. Therefore highly relevant is the assessment of latent heat of fusion of organic substances and modifica-
tion of REE.

Experimental part

The determination of the specific heat of fusion was carried out by method [11]. The samples were
heated, by convection. Temperature control was carried out with a thermometer, which was immersed in the
sample withtwisnal and thermal analysis thermocouple (chromel-alumel) at measuring the thermal-EMF. Re-
sponse function is the value of thermo-EMF.

Materials and Reagents. Palmitic and stearic acid used as the main objects, cesium chloride used as
REE:“Reagents were used of next classification (pure for analysis, reagent grade). Thermo-EMF was record-
ed using a voltmeter brand EV2265-1. Ratio of amount organic acid to amount REE is 1000:1.

Discussion of results

The results of thermo-EMF measurements for samples of organic acids and their mixtures with REE are
depicted in Figures 1-3.
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Figure 1. Change of thermo-EMF of chromel-alumel thermocouple in the melting proces tic acid
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Figure 2. Change the ther chromel-alumel thermocouple in the melting process
of palmitic a addition of CsCl (the ratio of HL:CsCl is 1000:1)
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Figure 3. Change the thermo-EMF of chromel-alumel thermocouple
in the melting process of stearic acid (second thermal cycle)
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Kinetic curves of the heating and cooling of palmitic acid and mixtures with REE allow to judge the ex-
istence of several sections of the equilibrium and non-equilibrium explosive crystallization in which there is
increased potential difference. So for the palmitic acid this process proceeds in interval 0.5-3.5 mV, which
corresponds to 25-95 °C. As known, the difference in potential between metals with different thermal con-
ductivity is due to the speed of electrons under the action of heat and the presence of traps in the metal con-
nected with defects in the crystal lattice. The difference in the electrochemical potential of electrochemical
circuit is due to various reaction ability of solution compounds or chemical reaction. Consequently, the cause
of the current in the circuit might be the temperature and chemical potential.

In work [12] the process of melting mixtures of palmitic and stearic acids in a wide range of composi-
tions was studied. It is shown that a mixture comprising 0.75 mole palmitic acid and 0.25 mole stearic agid is
eutectic melt at 325 K, the melting enthalpy is 49.58 kJ/mole. This value is the maximum fromgwo €utectics;
this fact suggests the presence of a sufficiently high heat storage capacity, because of formafion of chemical
bonds between mixture components. l.e. melting heat is directly related to the strength ofie¢hemical bonds
between the associates in the case of single-component system, between different substances imthe case of a
multicomponent system. Therefore, data of the thermo-EMF was calculated value offthe“§pecific heat of
melting (crystallization) of palmitic and stearic acids (Table). It’s shown that crystallization process is exo-
thermic, and results according to literature data [13].

Table
Results of calculation of specific melting heat of palmitic, stearic acids, and,palmitic acid with CsCl

. Segment of the ) The rate of heat
Acid curve T=A{x) T,8 T,C A, J/kg K Process output, J/(kg's)
A 1045 80.00 Cooling the melt
Palmitic acid 2 3?2 57.73 214132 3| Crystallization of substance 5.66
D 2050 52.37 Cooling of solid state
A 4736 83.59 Cooling the melt
Stearic acid 2 2;?2 54.73 252932 | Crystallization of substance 6.11
D 5906 47.82 Cooling of solid state
A 942 80:27 Cooling the melt
Palmitic acid B 1532 .
with CsCl C 2123 58.95 295233 | Crystallization of substance 3.93
D 2713 4435 Cooling of solid state

As seen from Table, thé"valuc of the specific melting heat of mixture is above that of pure substance
(solvent). Therefore, for enhan€ingjthe strength of chemical bonds between the components of fusion must
be substances having dénorsaceeptor properties, as such alkali metal salts with a high value of crystal radius,
namely, rubidium and eesium, which are the most powerful electron acceptors and can form a stable ion pair
in the absence ofgolar solvent [14].

In this case; the melting process of mixture is accompanied by the formation of separate nucleation hav-
ing higher internalienergy and having a higher melting point. From the literature it is known that alkali met-
als have a highen melting temperature, which is decreased during transition from cation with low radius to
cation withthigh'radius in the case of inorganic salts. Therefore, supplementation with a higher melting point
of either direct synthesis in the melt blend is method of increasing of heat-accumulating ability of materi-
alsfi1s].

Conclusion

Thus, as a result of studies, the melting point of palmitic and stearic acids and their mixtures with ce-
sium chloride were determined. The specific melting heat of mixture (palmitic acid:REE) was calculated, it
is shown that melting process of mixture proceeds in several stages, and the system has the type «fusion-
solution». The melting heat of mixture with cesium chloride is higher than with palmitic acid, hence the ad-
dition of cesium chloride enhances heat storage properties of the organic substance.
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[I.K.Omepxanopa, Bl AmexcanipoB

OprannkaJjblK KbIIIKbLIAAP koHe Oap/ibiH C/KD MeH KOMIO3UTTEPiHiH
JKBLIYIIOFbIPJIAHIBIPFbII KACHETTEPiHiH 0aFranaHybl

Makanazia naJbMHUTHHII JKOHE CTEAPUHMINKBIIKBUIIAPBIHBIH OalIKy JKbUTYJIaphl 3JEKTPOXUMHUSIIBIK SAICIICH
aHBIKTaNABL. banKy mporeci XbULY, OeniHYMeH KYpeTiHi alKpiHaanFad. TepMOIMKIaHIBIPYABIH OapibiK
yaKbIThl OOMBIHIIIA KHCBIK JK@IIbI CaKTairaH 6omareiH. [TansMuTHH KeluKeUTbl MeH CXKD Kocmach! yiiH 6ajiky
TIporeci KOMIUIEKC KYPBUIBICRIHBIH >K3HEe HOHIBI OyIaphIHBIH e3repyiMeH KypeTiHi Oaiikanran. JXoraps
Oanky Temreparypacsybap KpucTalliaHy OpTaIbIKTapBIHBIH KAIBINTACY apKachIHa OPTaHUKAIBIK KBIIIKBITFa
KaparaHJa [e3ud XJIOPUI KOChUIFaH MAIBMUTHH KBIIIKBUIEI KOMIO3UTIHIH OalKy >KBUIYBI XKOFaphl eKeHi
Oenrinenren. JleMEKNKYpaMbIHAa 1Ie3nii HOHAAPEI 0ap OPTaHUKAJIBIK KBIITKBUIBIHBIH KOCHACHIH KBUTYIIOFBIP-
JaHBIPYILIBI MATEPUATPETIH/IE YChIHYFa 00IaBbl.

[II.K.AmepxanoBa, B.J]. AnexkcanipoB

OneHka TEMIOAKKYMYJTHPYIOUIUX CBOHCTB OPraHN4Y€eCKUX KUCIOT
M UX KOMIO3uTOB ¢ P3D

B crarbe 35ekTpoXuMHUYECKUM METOJOM OIPEENICHbI TEILIOTHI IIABJICHUS aJbMUTHHOBON U CTCapUHOBOM
kucnot. ITokasaHo, 4To mpouecce IIABICHUS CONPOBOXKAACTCS BBIIEICHUEM TEILUIOTEL. B TeueHue Bcero Bpe-
MEHH TEpPMOLUKINPOBAHUSA X0/ KPUBOM COXpaHsAeTCs. Y CTaHOBIIEHO, YTO Ul CMECHU IaAbMUTHHOBOH KUCIIO-
Tl ¥ P30 mponecc miaBiaeHus CONPOBOKAACTCA U3MEHEHUEM CTPYKTYpPhl KOMIUIEKCA U MOHHBIX Hap. Belas-
JIEHO, YTO TETIOTa IIABJIEHH KOMIIO3HTA NMAaIbMUTHHOBON KUCIOTHI C XJIOPHIOM II€3Usl BBILIE, YEM IS Op-
TaHUYIECKON KHCIOTEHL, 3a cueT (popMHUPOBaHHS LIEHTPOB KPUCTAIIM3AIMH C BHICOKOH TemIepaTypoil miasie-
Hus. CreoBaTeNnbHO, CMECh OPTaHUUECKOH KUCIOTBI, COAEPIKAIasi HOHBI LE3HsI, MOKET ObITh PEKOMEH/10Ba-
Ha B Ka4eCTBE TEMI0AKKYMYJIHPYIOIIETO MaTepHaa.
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