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Abstract. Research into more effective energy storage materials and
technologies has recently come to the forefront as a means to meet the urgent
need for renewableenergy The CH3COONa3H:0 (sodium acetate
trinydrate SAT) offers great promise as a phase change material (PCM) for
energy storage devices that operate at medium to low temperatures, but it
has serious drawbacks such a strong supercooling effect and poor thermal
conductivity. The use of expensive chemicastraditional methods to
improve SAT's thermal performance has limited their industrial scale usage.
This research presents SAT as a starting point, and then uses a fusion
blending techniqueto eutectic hydrated salt composite phase change
materials(CPQMs) with various ratios of disodium hydrogen phosphate
dodecahydrate (DHPD)r sodium sulfate decahydrate (SSDhe findings

show that the eutectic hydrates that were made succegsfilligeheangle

of pure SAT more than 36 to less thars°C. Notably, these eutectic blends
exhibit enhanced thermal conductivigoflium acetate trihnydrat8 SD-3/7
coefficient of 0.893 Wm-K)?') and remarkable latent heat capacity
(SAT/SSD9/1 provides 195.42.gF). In addition, thesodium acetate
trinydrate eutectic hydratesvere ideal for commercially significant scale
applications since they do not contain costly additives, easy to produce, and
work throughout a wide temperature range-§BeC).
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1 Introduction

Globalanalyse®verenvironmental degradati@ndresource depletionave beeimproved

by the steady increase lumanenergy consumption, which has occurgatallel rapid
socioeconomic developmenthis study introduces a supersaturated sodium acetate
trinydrate (SAT}glycerol gel system with enhanced metastability and phase switchability
under subzero and mechanically harsh conditj@hsNovel eutectic salts SAT+SMN and
SAT+LAD wasdeveloped to overcome phase separation and supercooling in thermal storage.
Supercooling was minimized (<0.5 °C for SAT+SMN, <3 °C for SAT+LAD) with latent heat
stability over 500 cycleq2]. A flexible heat storage device using SAT composites
demonstrated two solidification modes: spontaneous and triggered. Triggered solidification
reduced supercooling, accelerated heat release and reached higher peak temperatures (53.6
°C) [3]. SAT composites incorporating sodium tungstate, curdlan, arREN¥®A reduced
supercooling to 0.6 °C with a phase change enthalpy of 205 J/g. Stability was retained after
400 cycles with only 0.4 % enthalpy |d4$. A eutectic PCM of SSD and SPDD (62:38 ratio)
achieved a melting point of 27.8°C and 202 J/g enthalpy, modified with borax, CMC and
graphene nanoplatelets (GNB). Composite PCMs using sodium acetate trihydrate (SAT)
with expanded graphite (EG) improved thermal conductivity by 205% and reduced
supercooling. DSC, FTIR, SEM, and XRD showed that EG’s porous structure enhanced
adsorption without chemical alteratifg]. A binary eutectic mixture of SAT and urea (60:40)

was developed, melting at 31.4 °C with 205 J/g latent heat. Modification with disodium
phosphate dodecahydrate (3 wt%) and CMC (2.18vteduced supercooling to 2.970.
Eutectic PCMs of SAT with PEG (200, 600, 6000) achieved enthalpy values 2860
kJ/kg and phase change temperat(Rs3Ts)of 55-60°C. DSC and FTIR showed minimal
shifts (<4%), confirming excellent thermal reliability. Microscopy revealed PEG preserved
SAT'’s crystal morphology while improving crystallization and heat relgglséNanaZnO
particles were incorporated into SAT at206 to enhance thermal conductivity anduee
supercooling. At 1% loading, supercooling decreased from 35°C to 1.48°C and latent heat
peaked at 239.7 kJ/kg. Thermal conductivity increased by 27.96% at 2% ZnO, though
excessive loading reduced enthalpy due to clustering. DSC and FESEM validated
improvements, showing promise for reliable thermal energy st¢@geéomposite PCMs of
sodium acetate trihydrate (SAT) with sludgedro pyrolysisresidue (SHR) were improved
using sodium dodecylbenzene sulfonate (SDBS) surface modification. At a 1:Jofratio
modified to unmodified SHR, supercooling stayed below 3°C and latent heat loss was only
6% after 100 cycles. SEM, DSC, and thermal conductivity tests confirmed stable phase
change and improved loftgrm cycling performancf0]. Binary eutectic hydrate CPCMs

with varying mass ratios were synthesized utilizing disodium hydrogen phosphate
dodecahydrate (DHPD) and sodium sulfate decahydrate (SSD), two substances structurally
analogous to sodium sulfate trihydrate and possessin@sP@iTs The objectives to find

the best ratio by studying how different combinations affect the enhanced heat transfer
capabilities An innovative and noteworthy aspect of this study is the utilization of a more
economical methoébr thermal performance of hydrated salttase change materialkhis
represents a significant advantage for their commercial application in thermal storage
systems and establishes a solid groundwork.
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2 Methodology

2.1 Preparation

In this study, the melt blending method is used to synthesize CREa low eutectic
hydrated salt. The goal was tadithe mass ratio that would cause eutectic salt to oCeer.
following procedures were followed in order to prepare CPCM usigjum acetate
trihnydrate DHPD eutectic salifhe ingredients SAT and DHPD, totaling 20 g, were measured
using a precision balance. According to their respective proportions, the two medications
were weighed independently, and SAT varied from 0% to 100% at 10% intervals. After
weighing and mixing theamples properly, they were transferred to a 100 ml sealed flask.
The next step was to combine the two salts into a single liquid by mixing them for 30 minutes
at 70C and 600rpm. After the mixing, the substance was moved to a sealed tube and
subsequently put into a vacuum chamber.

The sampleverecooled to 28C and subjected to 200 Pa until it had completely solidified.
Crush and grind the sample until it is finely powdered after solidification. The next step is to
create a set of samples with different ratios by enclosing the powdered sample in plastic bags.

2.2 Characterization

Testing and evaluating the composition of the produced samples is critical for ensuring that
no contaminants were introduced into the CPCM preparation process, which involves
melting, magnetic stirring, and millinghis will ensure that the procedure for preparing the
samples is reliable. The mass ratio of the test samples to KBr was set at 1:100. To avoid the
sample particles becoming too small to be seen by infrared light and to avoid moisture
absorption, it was ntke sure that the grinding was unifornoagh.

2.2.1 Latent heat and phase change temperature analysis

The differential scanning calorimeter (DSC) is a commonly used instrument for accurately
assessing the thermal characteristics of materials used fortpnasferenergy storag€ his
researchemploysDSC25 to ascertain the latent heat value and phase change temperature
(PCT). The experiment involved evenly dispersing a2l0mg sample into the base of a
metal crucible, and then using a precision balance to measure the mass with an error margin
of no morethan +0.0025%.The measurement accuracy of the aitial scanning
calorimeter was sustained within £0.5%ollowing the application of professional
encapsulant, the samples are prepared to enter the DSC fufhacerotecting gas is
nitrogen, and the temperature is changed at a ratéCofB ™. The flow rangewere 200
ml-min. Finding the samples' highest slope at the beginning or using the device's software
to numerically integrate the phase transition peaks will yield the latent heat of phase transition
(LHPT). To find thePCT, take the tangent line to the baseline that intersects with the first
half of the phase transition highest poBy testing each set of samples more than five times
and reporting the average value of the data, we can guarantee that each test's ultimate error
is less than 5%.

2.2.2 Step-cooling behavior test

For accurate measurements within £0,1secure Ktype thermocouplevas fixedand holes
were maden testtubesplastic coverThe hole is just smaller than the little stick so that the
bound water does not escdpem the chamberTo conduct the tests, a plastic test tulaes
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filled with each set of samples and attach a thermocouple to measure their temperatures. After
that, the plastic test tulveas kept heated in a tank set to a constant temperaturé(ofTHa
thermocouplesquipped plastic test tubase placedin thermostatic lowtemperature set to

5°C oncetheyhave meltedOnce the samples start to cool, the data collection dsvicsed

to record the temperature. Using the data, the step cooling euevebuiltfor each set after

all the samples have solidifiedo guaentee that the crystallization temperature error
achieved was less than 85 each set of samples was examiftedive times.

2.2.3 Thermal conductivity results

The 9P300116003 thermal conductivity tester, was used for the test. Shape two or three gram
samples into a 3thm long cylindrical specimen. Placing the sensor on one portion of the
sample and then covering it with another portion will guarantee that there is no space between
the sample and the sensor.

Thermal balance monitoring starts to make sure the test is accurate when the sensor reading
reaches the desired temperatiach group of samples had seven measurements taken at
temperature points of 20, 25, and®’@0We excluded the extreme values from the thermal
conductivity data, averaged the remaining five sets of data, and then displayed the mean
value.

3 Results and discussions

3.1 FTIR test spectra of samples

Figures1(a) and 1(b)shows the results of the structural characterizatiot@ffunctional
groupsandchemical bondshat were used to investigate the interactiorongthe hydrated
saltand the two comgnentsFigure 1(a) displays the infrared spectrof thesodium acetate
trihydrate eutectic, and their SSD combinatiofhe oscillation of HO-H results in all
materials exhibiting a unique peak at approximately 1638.dihe stretching vibration peak

of -OH is located at arour#50 cm™ in the infrared spectrogram of SAT, while the bending
vibration peak ofOH is at 900 cm. The vibrationalmaximum pointof the G-O function
group and the €0 single bonds observed at around 1250 and 1450 crin infrared
spectum of SSD, stretching vibrati@hmaximum pointof SO is shown as a peak K80

cm™. A comparison of infrared speam of sodium acetate trihydrat8SD with those of the
pure substances reveals that the eutectic salts absorb light at a peak similar to that of SAT and
SSD, respectivelyThere is no generation of new distinctive peaks, disappearance of old
peaks or shifting afnaximumpositions; rather, the eutectic salt's absorption peaks are simply
peak positions oodium acetate trihydraend SSD.Figure 1(b) illustrates the infrared
spectum for DHPD, SAT, and the resultant eutectic combinatidhe GO single bond and

C-O functional group were found at frequencies before and after 1450 cm™, while the
vibration peak of theOH bond in SAT was found at 1630 cm™. The-OH functional group's
vibrational maximum point was found to be around 1250 cm™. The antisymmetric peak of

P-O and the unique peak of®H asseen in the pure material DHPDhe infrared spectra

of SAT/DHPD eutectiaatio provide more evidence that no chemical reactions took place
during production. The absorption peaks are just the combined positions of the SAT and
DHPD peaksMolecular dynamics simulations revealed the solidification mechanisms of
sodium sulfate decahydrate (Na.SO.-10H20, SSD). Solidification formed crystals under
supercooling, with FTIR supporting hydrogen bond interactions, offering insights for stable
SSDbased thermal energy systefhs].
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Fig. 1. FTIR spectra of SATased eutectics: (a) sodium acetate trihyd@®D, and(b) sodium
acetate trihydrattbHPD.

3.2 Heat storage and release characteristics of eutectic CPCMs

3.2.1 Thermal response of SAT/SSD eutectic system during phase transition

As an example, theodium acetate trihydraSSD9/1 sample was made using a melt
blending technique that used 90% SAT and 10% SSD. All of the other samples were named
in the same way. We predicted fR€Ts of each group of samples ahead of time to establish
the proper temperature range for testing, which allowed us to guarantee the accuracy of the
results.Even though they melted, the SAT/SSD samples' DSC curves are showar#2Fig

Table 1 provides the exact values of the Latent Heat of Phase Transition, Peak Temperature,
andphaseChange Tempetare. For comprehensive analysis, three samples were randomly
selected.

Table 1. Thermal properties of SAT/SSD: peak temperatBf&T, and latent heat

Samples Peak Phase change Latent
Temperature (°C) | Temperature (°C) | Heat (J.g")

SAT/SSD9/1 61.05 56.72 195.42
SAT/SSD8/2 60.25 55.76 154.92
SAT/SSD7/3 58.79 50.28 132.84
SAT/SSD6/4 54.89 38.15 83.26
SAT/SSD5/5 25.15 20.89 158.42
SAT/SSD4/6 25.18 1941 136.52
SAT/SSDB3/7 21.39 18.95 57.61
SAT/SSD2/8 24.61 19.24 89.33
SAT/SSD1/9 33.11 26.15 147.17

A distinct melting peak appeared in adium acetate trihydrat8 SD-1/9 sample as the
temperature rose, as seen inUF&3. The overall DSC curve appeared to be very regular.
The phase change temperature and latent heat of phase transition for the SHNHS8&D
27.25°C and 148.37 J/g, respectivelyT hetheoreticvalues of the two components in this ratio
are 3268°C for N&SO4-10H0 and B°C for CH:COONa3H.0, respectivelyA eutectic
combination is confirmed by these figures, which differ considerably frosottiem acetate
trihnydrate /SSD-1/9 sample. Nevertheless, there is a lack of homogeneity in the mixing,
insufficient recrystallization, and a relatively IoWHPT. The sodium acetate trihydrate
SSD4/6 sample has a clear melting point o#419C and a latent heat of 6%2J/g, as shown
in Figure4. Despite having a perfect recrystallization process, its practical use is limited by
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its low PCT and latent heatrigure 5 shows that the SAT/SSD9/1 sample exhibited an
exceptional level of consistency and stability during recrystallization, as evidenced by a
single, prominent melting peakhis peak was linked to 5312 J/g and phase change of
56.72°C. Further optimization and practicality research, especially with {scgée cold
storage systems, could benefit greatly from the SAT/SBDsample's exceptional phase
transition propertyA SAT-acetamide PCM was prepared for sdlaat pumpsystems with

a melting point of 43°C. DSC confirmed stable structure, and after 100 cycles, the CPCM
maintained a latent heat of 226.8 kJ/kg, showing durability for energy sf{ajg€igure 6

shows that, in accordance with the usual behavior of eutectic materiaBTThef the
hydrated eutectic salts approach those with a larger mass as the SAT to SSD dienges.
SAT/SSD6/4 samples did not meet the criteria for ideal eutectic hydrate CPCMs because
their phase change temperature was significantly lower than their peak temperature, leading
to a longer phase transition and poor recrystallization stability, dogotd the specific
analysis. Nevertheless, different ratio samples showed reduced phase transition times, which
might be used for further optimization research. The SAT/S8Dsample's outstanding
performance is confirmed by kige7.

Its high latent heat of phase transition, which is more than that ofqeadidy SAFbased
CPCMs demonstrates the possibility for practical applications of this scale combination.
Inorganic hydration salts have infamously difficult phase transition temperatures to control,
and CPCMs based on SAT usually show temperatures 8&@r 6hanging the ratio of
eutectic hydration salts and giving up some latent heat value allowed us to prolong the phase
transition temperature interval froh9°C to 61°C at a rather dbrdable cost. This
improvement allows SAbased CPCMs to work effectively across a wider temperature
range, increasing their potential usage.

O_""I""I""l""'\'
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Fig. 2. Differential scanning calorimeteurves for SAT/SSBamples
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Fig. 7. Thermaltransition analysisf SAT/SSDcompositions bypSC.

3.2.2 Phase transition characteristics of SAT/DHPD eutectic system

In order to thoroughly expose the thermal properties of the materiasotliem acetate
trihydrate/DHPD specimensn thisresearcthad their thermal analysis rangeenly set from

10°C to 8C°C. Figure 8 showsthe phase transitiopropertiesof all the pecimers which
exhibits the presented DSC curvEse combined SAT/DHPD samples are displayed in Table

2, which features information such as peak temperatiuteB,T and PCTs. The phase
transition behavior of SAT/DHPD can be better understood and explained by examining three
sets of typical samplegtigure 9 shows that the meltingipt of the sodium acetate
trihydrate/DHPD8/2 specimen is rathemallwhen the melting process starts at 36. @&

sample may not have successfully formed a eutectic structure, as shown by the lower peak,
which could be attributed to inadequate melting ofHNRO:-12H,0. The SAT/DHPD7/3
specimerexhibits an extended meltingipt and numerous temperature fluctuations during
heating, as illustrated in Rige 10.After extensively testing and preparing the sample, it has
been determined that there are no impurities. Theoretically, this could be because other
sodium phosphate hydrates, such asHR&u 7H,O are formed a a result of the thermal
decomposition of N&PQ:-12H,0 during heatingThe highest pointof SAT/DHPD-9/1
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were shownclearly thenconsiderably in Figre 11. In this sample, the latent heat of phase
transition was found to be 282 J/g, and the phase change temperature was recorded as
58.39°C. As further evidence of the remarkable eutectic synergy that formed between the two
components, a complete recrystallization process was also observed.

Table 2. Thermal characteristics of SAT/DHPD: phase change temperature and latent heat

Samples Latent Peak Phase change
Heat (J.g') | Temperature (°C) | Temperature (°C)
SAT/DHPD-9/1 185.72 61.42 58.39
SAT/DHPD-8/2 187.11 60.92 55.13
SAT/DHPD-7/3 128.46 59.35 48.92
SAT/DHPD-6/4 127.05 48.21 41.08
SAT/DHPD-5/5 90.81 45.12 3941
SAT/DHPD-4/6 95.92 44.29 40.32
SAT/DHPD-3/7 103.74 46.92 37.42
SAT/DHPD-2/8 75.12 50.68 43.55
SAT/DHPD-1/9 87.94 51.82 42.11

The SAT/DPHDD eutectic hydrated salt recrystallization process is more stable since
SAT and DHPD share a lot of properties, as shown imrEi§2. In comparison to the
SAT/SSD samples, this specimen exhibits superior overall performance and offers a more
robust foundation for future comprehensive studies, a®@iEclosely approximates the
peak temperature, and the minimized energy transfer during phase trariSgiore 13
indicates that theHPT results forsodium acetate trihydra@HPD-9/1 andsodiumacetate
trinydrate/SSD-8/2 align with previously published dafdthough some of the latent heat
of phase transition was lost, the phase change temperature range was significantly widened
for the other sample proportions, going fr88C to 61°C. By broadening their temperature
range of use, this development improves the flexibility and usability oftta&8&d CPCMs,
which bodes well for their potential efficacy in a wider variety of settihgeamposite PCM
using SAT, urea, KCI, and EG was fabricated fattéry thermal management, effectively
reducing supercooling and improving thermal conductivity. Integrated ini@nLinodules,
the CPCM/EG maintained battery temperatures <48%igh discharge rat¢$3].
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3.3 Supercooling experiments

3.3.1 Experimental evaluation of supercooling

When subtract the crystallization temperature from the phase change temperature, the
supercooling degresas obtainedPTT of SAT/SSD hydrated salts with various ratios have
been precisely established by means of Differential Scanning Calorimetry (DSC) analysis.
The crystallization temperature of these samples was subsequently calculated using the step
cooling curve techniquéssuming a crystallization temperature of Tc and a phase transition
temperature of J we may use the following formula to get thupsrcooling degreesT

T,=T,— T, @

Figure 14(a) shows SAT/SSD hydrated salts, which indicate the saspm@eific
temperature dynamics during chillinghe SAT/SSDB5/5 exhibited supercooling of4°C
compared to all the samples, as shown in T&blEhis sample is appropriate for further
applications due to its phasbangeof 158.42 J/g. Due to its high supercooling degree of

11
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4362°C, the SAT/SSER/1 specimemay not be appropriate for specific uses, despite having
the maximum latent heat of phase transitiorb(@®J-g).

However, it could still be used for largeale cold storage during certain periods.
Thermally conductive inorganic hydrated salt PCMs were designed using sodium sulfate
decahydrate (SSD) with boron nitride (BN) to improve supercooling, phase separation, and
stability. The system achieved a controllable phase change range3@°30 withthermal
conductivity enhanced up to 1.55 W/m[K4].

Table 3. Degreeof supercoolingn SAT/SSDeutectic system

Samples Supercooling Crystallization Phase Change
Degree (°C) | Temperature (°C) | Temperature (°C)
SAT/SSD9/1 43.62 11.22 56.72
SAT/SSD8/2 44.85 21.23 55.93
SAT/SSD7/3 34.78 16.12 50.42
SAT/SSD6/4 19.12 19.05 38.15
SAT/SSD5/5 3.45 17.62 20.89
SAT/SSD4/6 5.62 14.52 19.41
SAT/SSD3/7 6.42 12.82 18.95
SAT/SSD2/8 5.98 14.65 19.24
SAT/SSD1/9 11.22 16.82 27.25

Based on their composition, we can estimate the price per kilogram of raw materials for
different phase transition materiale utilize the weighted average of the market price for
each input at that momefiable 4 shows the material cost breakdown per sample.

Table 4. Materialcost breakdown per sample

Samples ml:tivrvial Additive Additive SAT
cost (¥/kg) content (wt.%) | cost (¥/kg) | content (wt.%)

SAT/SSDY/1 26.1 10% 24.2 90%
SAT/SSD8/2 25.9 20% 245 80%
SAT/SSD7/3 251 30% 243 70%
SAT/SSD6/4 25.6 40% 241 60%
SAT/SSD5/5 253 50% 24.6 50%
SAT/SSD4/6 24.9 60% 1838 40%
SAT/SSD3/7 24.8 70% 185 30%
SAT/SSD2/8 24.6 80% 183 20%
SAT/SSD1/9 245 90% 186 10%
SAT/DHPDO/L | 26.2 10% 185 90%
SAT/DHPD8/2 | 26.0 20% 1838 80%
SAT/DHPD7/3| 259 30% 184 70%
SAT/DHPD6/4 | 258 40% 187 60%
SAT/DHPDG5/5 | 25.6 50% 189 50%
SAT/DHPD4/6 | 25.2 60% 184 40%
SAT/DHPD3/7 | 25.6 70% 182 30%
SAT/DHPD2/8 | 25.4 80% 185 20%
SAT/DHPD1/9 | 253 90% 1838 10%

Figure 14(b) illustrates that the supercooling degree fostitbum acetate trihydrate
/SSD5/5 - sodium acetate trinydrat&SD-1/9 remained below 10°Chis value is lower
than what has been found in the literature. It is worth mentioning that the current material
was made without using costly additives, which made the process easier and drastically cut
down on production costs. Thus, CPCMs provide enormous practical and economic benefits,
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as well as the possibility of mass production, giving consumers a plethora of possibilities to
choose the best CPCMs for their individual requirements.
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Fig. 14. (a) Coolingcurves and(b) Supercoolingzomparisorof SAT/SSDcomposites

3.3.2 Experimental evaluation of supercooling in SAT/DHPD eutectic system

According to earlier studies, tHeCT of SAT/DHPD hydrated salts starts to drop at a mass
percentage of N&IPO,-12H,0 increases, then follows a msteady trend from 6Q until it

settles at around 40. Because all SAT/DHPD samples eventually regained their original
temperature, as demonstrated indr@l5(a), the solidification process was complete during

the temperature test timeframe for all sample sets. The level of supercooling for every
specimenis tabulatedin Table 5.The crystallization temperatures of teedium acetate
trihnydratdDHPD specimens were relatively stable, even though there were significant
differences in phase change temperatures between samples as a result of component changes.
In contrast to previous research, the supercooling values of SAT/EFPAHNASAT/DPHD-

9/1 specimenare quite excellent @32°C and 462°C, respectively), as shown in Fkig

15(b). Using CHsCOONa3H:0 and NaHPQO,-12H,O as the eutectic component in hydrated
salts can greatly decrease subcooling with less material cost, as the subcooling was
considerably reduce fro28.32C to 4.62C at the beginning of the process of increasing the
proportion of NaHPQw-12H,O. However, as the mass ratio of,NRQ:-12H,0 continued to

rise, the extent of subcooling also increased. In order to find out about the apparent partial
recovery, adjusting the component ratios is crucial. Physical characteristics of eutectic
hydrated salt systemseaa reflection of the component's mass share. Ideal eutectic hydrate
salts can account fahis phenomenagnbut only if a thorough evaluation of all relevant
thermal properties is performed. to provide the best results in thermal control when applied
experimentally to eutectic hydrate salts.

Table 5. Degree ofupercooling inSAT/DHPD eutectic system

Samples Supercooling Crystallization Phase Change
Degree (°C) | Temperature (°C) | Temperature (°C)
SAT/DHPD-9/1 28.32 28.58 58.39
SAT/DHPD-8/2 24.12 21.62 55.32
SAT/DHPD-7/3 14.45 22.78 48.92
SAT/DHPD-6/4 4.62 23.72 41.02
SAT/DHPD-5/5 9.58 24.72 39.52
SAT/DHPD-4/6 10.42 21.38 40.42
SAT/DHPD-3/7 9.61 33.12 37.35
SAT/DHPD-2/8 16.12 31.15 43.55
SAT/DHPD-1/9 8.92 21.58 42.18
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SAT/DHPD-6/4 is the optimal choice for shesycle cold storage applications due to its low
cost and rapid temperature response.
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Fig. 15. (a) Coolingbehavior andb) Costsupercooling relationshipf SAT/DHPDcomposites

3.4 Thermal conductivity

An important property of higperformance PCM is excellent heat conductivity. As a result,
the temperature chosen for evaluating thermal conducttityis investigation were 2&,

20°C, and 25C. For thesodium acetate trihydrat8 SD-7/3, sodium acetate trihydrat8 SD-

8/2 andsodium acetate trihydrat8 SD-9/1, the increase in thermal conductivity with rising
temperature is illustrated in Rige 16(a). As temperature increases, molecular thermal
motion intensifies, enhancing lattice vibrations, expediting heat conduction within the solid
matrix, and facilitating conveatn heat exchange in the fluids contained within the pores.
Similarly, but to a lesser degree, the thermal conductivity rises with temperature for
specimenssodium acetate trihydrd®SD-6/4 andsodium acetate trihydrat8 SD-1/9. One
possible explanation is that the teahgeis very close to the CPCMECT. The sodium
acetate trinydratésSD-5/5 tosodium acetate trihydrat8SD-2/8 exhibited phase changes at
temperatures below 20°C. The thermal conductivity of thespecimenslecreases at 20 in
comparison to results obtained at°@5Heat transferby conduction predominates the
hydrated salt is solid/hile the PCMatliquid phase, natural convection is an important heat
transfer mechanisnThe SAT/SSD2/8 andSAT/SSD3/7 underwent an increase in thermal
conductivity at 258C as a result of the warming process completing the phase transition.
Nevertheless, thermal conductivafsodium acetate trinydrat8 SD-4/6 andsodium acetate
trihnydrate /SSD5/5 declined as temperature rose, since the phase transition was still
incomplete at 28°. Among various hadaransfer materials, the SAT/SSI)7 specimenss
among the most efficient at A5 with a thermal conductivity of up to 0.8%/(m-K), as
shown in Figre 16(b). This property has reaborld implications, such amore reliable
system operatiorand increased energy efficiencgimultaneously, among the materials
mentioned in the literature, SAT/SSE)7 stands out for its excellent thermal conductivity,
which allows for improved total material cost effectiveness without sacrificing thermal
executionIn addition, the thermal conductivity specimensanging fromwerebelow 073
W/(m-K), as shown by the experimental resultkis provides more evidence that these
sampes are capable of exhibiting good thermal control under specific conditions. Their heat
conductivity can lead to numerous opportunities for exploring new applications and
enhancing current formulation&.composite PCM was developed by embedding sodium
acetate trihydrate (SAT) into a boron nitrglitosan (BNCA) porous carrier using DHPD
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and gumArabic. It exhibited low supercooling (1.17°C) and enhanced thermal conductivity
(2.0 W/m-K) for efficient energy storag5].
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Fig. 16. (a) Conductivitypbehavio, and(b) Costassessmemtf SAT-based systems

3.4.1 Measured thermal conductivity of SAT/DHPD eutectic composition

The thermal conductivity of SAT/DHPD eutectic salt varies significantly among the different
samples, as seen in Bigs17(a) and 17(b)As the temperature increases, the sodium acetate
trihydrate/DHPD-2/8 decreases while thedium acetate trihnydrat®HPD-1/9 declines,
attributable to their highenass ratio of Na2HPO#2H20.Thermal conductivity decreased

as a result of the CPCM's increased water content in response to rising test temp€hégures.
hydrated salt dehydrates easily at room temperafinese two ratios demonstrated subpar
thermal performance due to their elevated supercooling degree, reduced latent heat values,
and combined effect€onversely, fosodium acetate trihydratBHPD-9/1 - sodium acetate
trinydrate/DHPD-3/7, temperaturelependent variability in thermal conductivity was less.
Because the DHPD concentration was so low in these samples, the detrimental impacts of
higher temperatures on thermal conductivity and the pesififects of higher water content

on thermal conductivity were always in equilibrium with one anothehows that at 2&,

had ahugethermal conductivity of 1 W/(m:-K), which is significantly higher than all the
samples, which had thermal conductivities of approximatel§ 0/gm-K), showing good

heat transfer capabilitiesh&re is a lot of room for improvement in the thermal energy
storage and transfer applications of these materials, which merit additional investigation and
optimization due to their cheap fabrication cost and easy synthesis procedure.
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Fig. 17. (a) Conductivitymeasuremengand(b) Costassessmertf SAT composites
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4 Conclusions

The goal of the costffective experimental work was to enhance the thermophysical
properties of pure SAT while decreasing supercooling. A total of eighteen different CPCMs,
divided into two series: the SAT/SSIhen SAT/DHPD, were synthesized from sodium
acetate trihydrate utilizing a melt blending technique. Their mass ratios ranged from 10% to
90% when mixed with disodium hydrogen phosphate dodecahydradedium sulfate
decahydraterespectively. We tested the thermal conductivity, supercooling ddggse,
LHPT, and structural characterization of every sample. We extensively covered the impact of
varied mixing ratios on the thermal performance of CPCMs by studying the thermophysical
characteristics derived from various blends. Based on these assessments GREbkbwas
determined in terms of total performance. This is a synopsis of the most important study
results:

e Characterization of thermodynamic and functional group structures via infrared
spectroscopy, physical mixing to produce SAT type eutectic hydrated salts CPCM
through melt mixing, devoid of chemical reactions, alongside consistent phase
transition behavior and thermodynamic properties of the eutectic products.

e With a constant temperature of 56.72°C and a maxirodiPT of 195.42 Jg?, the
recrystallization of thesodium acetate trihydrat&SD-9/1 was consistenDespite
possessing the seconthximumphase transition at 7811 J-g?, thesodium acetate
trihnydrate/SSD-8/2 sample was unable to yield a complete eutectic.

¢ Whensodium acetate trihydrate unadulterated, it can display supercooling down to
35°C. With a mere 3I5°C of supercooling, SAT/SSIB/5 showed thdow level of
supercooling among all the samples evaluated in this investigation. It is worth
mentioning that the supercooling degree can decrease to lesé.@hdh when the
mass fraction of N&dPQOy-12H,0 is more than 40%.

e About 0.45 W-(m-K)1 is the heat conductivity of pure SABased on our research,
the sodium acetate trihydrat&SD-3/7 had thenumeroushermalconductivitiesat
15°C, with a measurement of 0.89V-(m-K)X. All specimensn thesodium acetate
trinydrate /DHPD-9/1 to sodium acetate trihydra®HPD-3/7 series andodium
acetate trihydratdSSD6/4 to sodium acetate trihydratt(SsSD1/9 had thermal
conductivities greater than 0.587-{w-K) ™.

In general, the best performance is achieved by SAT/&SPwhich has latent heat of
158.42 J/g and the lowest subcooling of £5°C. In addition to being more adaptable to
different circumstances' needs, eutectic hydrated salt composite phase change materials
(CPCMs) based on SAT are easier to make and cost less than similar materials in the
literature. When it comes to handling compats that are sensitive to temperatsoglium
acetate trihydratéSSD-3/7 hadbest thermal conductivity, while when @rmes to largescale
cold storagesodium acetate trihydrat&sSD9/1 hal maximumlatent heatlt is not possible
to directly determine the thermal performance from test data for certain other prepared
CPCMs. The sodium acetate trihydrattbHPD-6/4 gecimenis distinguished by its
comparatively lowLHPT and minimal degree of supercoolingproving these CPCMs to
fix their flaws can be the subject of future research. It is also possible to go further into the
ways in which heating temperature affects the CPCMs, including how it influences
supercooling and thermal conductivity.
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