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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 renewable energy. The CH3COONa⋅3H2O (sodium acetate 
trihydrate, 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 chemicals in traditional 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 technique to eutectic hydrated salt composite phase change 
materials (CPCMs) with various ratios of disodium hydrogen phosphate 
dodecahydrate (DHPD) or sodium sulfate decahydrate (SSD). The findings 
show that the eutectic hydrates that were made successfully reduce the angle 
of pure SAT more than 35℃ to less than 5℃. Notably, these eutectic blends 
exhibit enhanced thermal conductivity (sodium acetate trihydrate /SSD-3/7 
coefficient of 0.893 W·(m⋅K)-1) and remarkable latent heat capacity 
(SAT/SSD9/1 provides 195.42 J·g-1). In addition, the sodium acetate 
trihydrate eutectic hydrates were ideal for commercially significant scale 
applications since they do not contain costly additives, easy to produce, and 
work throughout a wide temperature range (20-60℃). 
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1 Introduction  

Global analyses over environmental degradation and resource depletion have been improved 
by the steady increase in human energy consumption, which has occurred parallel rapid 
socioeconomic development. This study introduces a supersaturated sodium acetate 
trihydrate (SAT)–glycerol gel system with enhanced metastability and phase switchability 
under subzero and mechanically harsh conditions [1]. Novel eutectic salts SAT+SMN and 
SAT+LAD was developed 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 cycles [2]. 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, and Na-PMAA 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 loss [4]. 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 (GNP) [5]. 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 alteration [6].  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 (2.18 wt.%) reduced supercooling to 2.9°C [7]. 
Eutectic PCMs of SAT with PEG (200, 600, 6000) achieved enthalpy values of 250–280 
kJ/kg and phase change temperatures (PCTs) 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 release [8]. Nano-ZnO 
particles were incorporated into SAT at 0–2% to enhance thermal conductivity and reduce 
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 storage [9]. Composite PCMs of 
sodium acetate trihydrate (SAT) with sludge hydro pyrolysis residue (SHR) were improved 
using sodium dodecylbenzene sulfonate (SDBS) surface modification. At a 1:1 ratio of 
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 long-term cycling performance [10]. 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 possessing similar PCTs. The objective is 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 method for thermal performance of hydrated salt phase change materials. This 
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 CPCM, with a low eutectic 
hydrated salt. The goal was to find the mass ratio that would cause eutectic salt to occur. The 
following procedures were followed in order to prepare CPCM using sodium acetate 
trihydrate-DHPD eutectic salt: The 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 the samples 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 70℃ and 600 rpm. After the mixing, the substance was moved to a sealed tube and 
subsequently put into a vacuum chamber.  

The sample were cooled to 25℃ 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 milling. This 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 made sure that the grinding was uniform enough.  

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 for phase transfer energy storage. This 
research employs DSC25 to ascertain the latent heat value and phase change temperature 
(PCT). The experiment involved evenly dispersing a 10-20 mg sample into the base of a 
metal crucible, and then using a precision balance to measure the mass with an error margin 
of no more than ±0.0025%. The measurement accuracy of the differential scanning 
calorimeter was sustained within ±0.5%. Following the application of professional 
encapsulant, the samples are prepared to enter the DSC furnace. The protecting gas is 
nitrogen, and the temperature is changed at a rate of 5℃·min-1. The flow range were 200 
ml·min-1. 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 the PCT, take the tangent line to the baseline that intersects with the first 
half of the phase transition highest point. By 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 ±0.1℃, secure K-type thermocouple was fixed and holes 
were made in test tubes plastic cover. The hole is just smaller than the little stick so that the 
bound water does not escape from the chamber.  To conduct the tests, a plastic test tube was 

 
EPJ Web of Conferences 345, 01061 (2026) https://doi.org/10.1051/epjconf/202634501061
ICE3MT2025

3



filled with each set of samples and attach a thermocouple to measure their temperatures. After 
that, the plastic test tube was kept heated in a tank set to a constant temperature of 70℃. The 
thermocouple-equipped plastic test tubes are placed in thermostatic low-temperature set to 
5℃ once they have melted. Once the samples start to cool, the data collection device is used 
to record the temperature. Using the data, the step cooling curves were built for each set after 
all the samples have solidified. To guarantee that the crystallization temperature error 
achieved was less than 0.5ºC, each set of samples was examined for five times. 

2.2.3 Thermal conductivity results 

The 9P3001-16003 thermal conductivity tester, was used for the test. Shape two or three gram 
samples into a 30 mm 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 temperature. Each group of samples had seven measurements taken at 
temperature points of 20, 25, and 30℃. We 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  

Figures 1(a) and 1(b) shows the results of the structural characterization of the functional 
groups and chemical bonds that were used to investigate the interaction among the hydrated 
salt and the two components. Figure 1(a) displays the infrared spectrum of the sodium acetate 
trihydrate, eutectic, and their SSD combination. The oscillation of H-O-H results in all 
materials exhibiting a unique peak at approximately 1630 cm−1. The stretching vibration peak 
of -OH is located at around 3450 cm⁻¹ in the infrared spectrogram of SAT, while the bending 
vibration peak of -OH is at 900 cm-1. The vibrational maximum point of the C–O function 
group and the C–O single bond is observed at around 1250 and 1450 cm−1. In infrared 
spectrum of SSD, stretching vibrational maximum point of S-O is shown as a peak at 1080 
cm⁻¹. A comparison of infrared spectrum of sodium acetate trihydrate/ SSD with those of the 
pure substances reveals that the eutectic salts absorb light at a peak similar to that of SAT and 
SSD, respectively. There is no generation of new distinctive peaks, disappearance of old 
peaks or shifting of maximum positions; rather, the eutectic salt's absorption peaks are simply 
peak positions of sodium acetate trihydrate and SSD. Figure 1(b) illustrates the infrared 
spectrum for DHPD, SAT, and the resultant eutectic combination. The C-O single bond and 
C-O functional group were found at frequencies before and after 1450 cm⁻¹, while the 
vibration peak of the -OH bond in SAT was found at 1630 cm⁻¹. The -OH functional group's 
vibrational maximum point was found to be around 1250 cm⁻¹. The antisymmetric peak of 
P-O and the unique peak of P-OH as seen in the pure material DHPD. The infrared spectra 
of SAT/DHPD eutectic ratio provide more evidence that no chemical reactions took place 
during production. The absorption peaks are just the combined positions of the SAT and 
DHPD peaks. Molecular dynamics simulations revealed the solidification mechanisms of 
sodium sulfate decahydrate (Na₂SO₄·10H₂O, SSD). Solidification formed crystals under 
supercooling, with FTIR supporting hydrogen bond interactions, offering insights for stable 
SSD-based thermal energy systems [11]. 
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Fig. 1. FTIR spectra of SAT-based eutectics: (a) sodium acetate trihydrate /SSD, and (b) sodium 
acetate trihydrate /DHPD. 

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, the sodium acetate trihydrate /SSD-9/1 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 the PCTs 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 shown in Figure 2. 
Table 1 provides the exact values of the Latent Heat of Phase Transition, Peak Temperature, 
and phase Change Temperature. For comprehensive analysis, three samples were randomly 
selected.  

Table 1. Thermal properties of SAT/SSD: peak temperature, PCT, and latent heat. 

Samples Peak 
Temperature (ºC) 

Phase change 
Temperature (ºC) 

Latent 
Heat (J.g-1)  

SAT/SSD-9/1 61.05 56.72 195.42 
SAT/SSD-8/2 60.25 55.76 154.92 
SAT/SSD-7/3 58.79 50.28 132.84 
SAT/SSD-6/4 54.89 38.15 83.26 
SAT/SSD-5/5 25.15 20.89 158.42 
SAT/SSD-4/6 25.18 19.41 136.52 
SAT/SSD-3/7 21.39 18.95 57.61 
SAT/SSD-2/8 24.61 19.24 89.33 
SAT/SSD-1/9 33.11 26.15 147.17 

A distinct melting peak appeared in the sodium acetate trihydrate /SSD-1/9 sample as the 
temperature rose, as seen in Figure 3. The overall DSC curve appeared to be very regular. 
The phase change temperature and latent heat of phase transition for the SAT/SSD-1/9 are 
27.25℃ and 148.37 J/g, respectively. The theoretic values of the two components in this ratio 
are 32.68℃ for Na2SO4⋅10H2O and 58℃ for CH3COONa⋅3H2O, respectively. A eutectic 
combination is confirmed by these figures, which differ considerably from the sodium acetate 
trihydrate /SSD-1/9 sample. Nevertheless, there is a lack of homogeneity in the mixing, 
insufficient recrystallization, and a relatively low LHPT. The sodium acetate trihydrate / 
SSD-4/6 sample has a clear melting point of 19.41℃ and a latent heat of 136.52 J/g, as shown 
in Figure 4. Despite having a perfect recrystallization process, its practical use is limited by 
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its low PCT and latent heat. Figure 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 peak. This peak was linked to 195.42 J/g and phase change of 
56.72℃. Further optimization and practicality research, especially with large-scale cold 
storage systems, could benefit greatly from the SAT/SSD-9/1 sample's exceptional phase 
transition property. A SAT–acetamide PCM was prepared for solar-heat pump systems with 
a melting point of 47.3℃. DSC confirmed stable structure, and after 100 cycles, the CPCM 
maintained a latent heat of 226.8 kJ/kg, showing durability for energy storage [12]. Figure 6 
shows that, in accordance with the usual behavior of eutectic materials, the PTT of the 
hydrated eutectic salts approach those with a larger mass as the SAT to SSD changes. The 
SAT/SSD-6/4 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, according to the specific 
analysis. Nevertheless, different ratio samples showed reduced phase transition times, which 
might be used for further optimization research. The SAT/SSD-9/1 sample's outstanding 
performance is confirmed by Figure 7. 

Its high latent heat of phase transition, which is more than that of good-quality SAT-based 
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 near 58℃. Changing the ratio of 
eutectic hydration salts and giving up some latent heat value allowed us to prolong the phase 
transition temperature interval from 19℃ to 61℃ at a rather affordable cost. This 
improvement allows SAT-based CPCMs to work effectively across a wider temperature 
range, increasing their potential usage. 

 
Fig. 2. Differential scanning calorimeter curves for SAT/SSD samples. 
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Fig. 3. DSC curves for SAT/SSD-1/9 sample. 

 
Fig. 4. DSC curves for SAT/SSD-4/6 sample. 

 
Fig. 5. DSC curves for sodium acetate trihydrate /SSD-9/1 sample. 
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Fig. 6. The PCTs comparison of the hydrated eutectic salts. 

 

Fig. 7. Thermal transition analysis of SAT/SSD compositions by DSC. 

3.2.2 Phase transition characteristics of SAT/DHPD eutectic system 

In order to thoroughly expose the thermal properties of the material, the sodium acetate 
trihydrate /DHPD specimens in this research had their thermal analysis range evenly set from 
10℃ to 80℃. Figure 8 shows the phase transition properties of all the specimens which 
exhibits the presented DSC curves. The combined SAT/DHPD samples are displayed in Table 
2, which features information such as peak temperatures, LHPT and PCTs. The phase 
transition behavior of SAT/DHPD can be better understood and explained by examining three 
sets of typical samples. Figure 9 shows that the melting point of the sodium acetate 
trihydrate/DHPD-8/2 specimen is rather small when the melting process starts at 36.7°C. The 
sample may not have successfully formed a eutectic structure, as shown by the lower peak, 
which could be attributed to inadequate melting of Na2HPO4⋅12H2O. The SAT/DHPD-7/3 
specimen exhibits an extended melting point and numerous temperature fluctuations during 
heating, as illustrated in Figure 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 as Na2HPO4⋅7H2O are formed as a result of the thermal 
decomposition of Na2HPO4⋅12H2O during heating. The highest point of SAT/DHPD-9/1 
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were shown clearly then considerably in Figure 11. In this sample, the latent heat of phase 
transition was found to be 185.72 J/g, and the phase change temperature was recorded as 
58.39℃. 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 
Heat (J.g-1) 

Peak 
Temperature (ºC) 

Phase change 
Temperature (ºC) 

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 39.41 
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 in Figure 12. In comparison to the 
SAT/SSD samples, this specimen exhibits superior overall performance and offers a more 
robust foundation for future comprehensive studies, as the PCT closely approximates the 
peak temperature, and the minimized energy transfer during phase transition. Figure 13 
indicates that the LHPT results for sodium acetate trihydrate/DHPD-9/1 and sodium acetate 
trihydrate /SSD-8/2 align with previously published data. Although some of the latent heat 
of phase transition was lost, the phase change temperature range was significantly widened 
for the other sample proportions, going from 39℃ to 61℃. By broadening their temperature 
range of use, this development improves the flexibility and usability of SAT-based CPCMs, 
which bodes well for their potential efficacy in a wider variety of settings. A composite PCM 
using SAT, urea, KCl, and EG was fabricated for battery thermal management, effectively 
reducing supercooling and improving thermal conductivity. Integrated into Li-ion modules, 
the CPCM/EG maintained battery temperatures <45°C at high discharge rates [13]. 

 
Fig. 8. DSC curves for SAT/DHPD samples. 
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Fig. 9. DSC curves for SAT/DHPD-8/2 sample. 

 
Fig. 10. DSC curves for SAT/DHPD-7/3 sample. 

 
Fig. 11. DSC curves for SAT/DHPD-9/1 sample. 
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Fig. 12. The PCTs comparison of the sodium acetate trihydrate /SSD samples. 

 
Fig. 13. Thermal transition behavior of SAT/DHPD Systems from DSC profiles. 

3.3 Supercooling experiments  

3.3.1 Experimental evaluation of supercooling  

When subtract the crystallization temperature from the phase change temperature, the 
supercooling degree was obtained. PTT 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 technique. Assuming a crystallization temperature of Tc and a phase transition 
temperature of Tp, we may use the following formula to get the supercooling degree Ts: 

                                               𝑇𝑇𝑠𝑠 = 𝑇𝑇p − 𝑇𝑇𝑐𝑐         (1) 
Figure 14(a) shows SAT/SSD hydrated salts, which indicate the sample-specific 

temperature dynamics during chilling. The SAT/SSD-5/5 exhibited supercooling of 3.45℃ 
compared to all the samples, as shown in Table 3. This sample is appropriate for further 
applications due to its phase change of 158.42 J/g. Due to its high supercooling degree of 
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43.62℃, the SAT/SSD-9/1 specimen may not be appropriate for specific uses, despite having 
the maximum latent heat of phase transition (195.42 J·g-1).  

However, it could still be used for large-scale 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 range of 30–37°C, with thermal 
conductivity enhanced up to 1.55 W/m·K [14]. 

Table 3. Degree of supercooling in SAT/SSD eutectic system. 

Samples Supercooling 
Degree (ºC) 

Crystallization 
Temperature (ºC) 

Phase Change 
Temperature (ºC) 

SAT/SSD-9/1 43.62 11.22 56.72 
SAT/SSD-8/2 44.85 21.23 55.93 
SAT/SSD-7/3 34.78 16.12 50.42 
SAT/SSD-6/4 19.12 19.05 38.15 
SAT/SSD-5/5 3.45 17.62 20.89 
SAT/SSD-4/6 5.62 14.52 19.41 
SAT/SSD-3/7 6.42 12.82 18.95 
SAT/SSD-2/8 5.98 14.65 19.24 
SAT/SSD-1/9 11.22 16.82 27.25 

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

Table 4. Material cost breakdown per sample. 

Samples 
Raw 

material 
cost (¥/kg) 

Additive 
content (wt.%) 

Additive 
cost (¥/kg) 

SAT 
content (wt.%) 

SAT/SSD-9/1 26.1 10% 24.2 90% 
SAT/SSD-8/2 25.9 20% 24.5 80% 
SAT/SSD-7/3 25.1 30% 24.3 70% 
SAT/SSD-6/4 25.6 40% 24.1 60% 
SAT/SSD-5/5 25.3 50% 24.6 50% 
SAT/SSD-4/6 24.9 60% 18.8 40% 
SAT/SSD-3/7 24.8 70% 18.5 30% 
SAT/SSD-2/8 24.6 80% 18.3 20% 
SAT/SSD-1/9 24.5 90% 18.6 10% 

SAT/DHPD-9/1 26.2 10% 18.5 90% 
SAT/DHPD-8/2 26.0 20% 18.8 80% 
SAT/DHPD-7/3 25.9 30% 18.4 70% 
SAT/DHPD-6/4 25.8 40% 18.7 60% 
SAT/DHPD-5/5 25.6 50% 18.9 50% 
SAT/DHPD-4/6 25.2 60% 18.4 40% 
SAT/DHPD-3/7 25.6 70% 18.2 30% 
SAT/DHPD-2/8 25.4 80% 18.5 20% 
SAT/DHPD-1/9 25.3 90% 18.8 10% 

Figure 14(b) illustrates that the supercooling degree for the sodium acetate trihydrate 
/SSD-5/5 - sodium acetate trihydrate /SSD-1/9 remained below 10°C. This 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. 

     

Fig. 14. (a) Cooling curves, and (b) Supercooling comparison of SAT/SSD composites. 

3.3.2 Experimental evaluation of supercooling in SAT/DHPD eutectic system 

According to earlier studies, the PCT of SAT/DHPD hydrated salts starts to drop at a mass 
percentage of Na2HPO4⋅12H2O increases, then follows a mid-steady trend from 60℃ until it 
settles at around 40℃. Because all SAT/DHPD samples eventually regained their original 
temperature, as demonstrated in Figure 15(a), the solidification process was complete during 
the temperature test timeframe for all sample sets. The level of supercooling for every 
specimen is tabulated in Table 5. The crystallization temperatures of the sodium acetate 
trihydrate/DHPD 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/DPHD-6/4 and SAT/DPHD-
9/1 specimen are quite excellent (28.32ºC and 4.62ºC, respectively), as shown in Figure 
15(b). Using CH3COONa⋅3H2O and Na2HPO4⋅12H2O as the eutectic component in hydrated 
salts can greatly decrease subcooling with less material cost, as the subcooling was 
considerably reduce from 28.32ºC to 4.62ºC at the beginning of the process of increasing the 
proportion of Na2HPO4⋅12H2O. However, as the mass ratio of Na2HPO4⋅12H2O 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 systems are a reflection of the component's mass share. Ideal eutectic hydrate 
salts can account for this phenomenon, but 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 of supercooling in SAT/DHPD eutectic system. 

Samples Supercooling 
Degree (ºC) 

Crystallization 
Temperature (ºC) 

Phase Change 
Temperature (ºC) 

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 short-cycle cold storage applications due to its low 
cost and rapid temperature response. 

 
Fig. 15. (a) Cooling behavior and (b) Cost–supercooling relationship of SAT/DHPD composites. 

3.4 Thermal conductivity  

An important property of high-performance PCM is excellent heat conductivity. As a result, 
the temperature chosen for evaluating thermal conductivity at this investigation were 15℃, 
20℃, and 25℃. For the sodium acetate trihydrate /SSD-7/3, sodium acetate trihydrate /SSD-
8/2 and sodium acetate trihydrate /SSD-9/1, the increase in thermal conductivity with rising 
temperature is illustrated in Figure 16(a). As temperature increases, molecular thermal 
motion intensifies, enhancing lattice vibrations, expediting heat conduction within the solid 
matrix, and facilitating convection heat exchange in the fluids contained within the pores. 
Similarly, but to a lesser degree, the thermal conductivity rises with temperature for 
specimens’ sodium acetate trihydrate/SSD-6/4 and sodium acetate trihydrate /SSD-1/9. One 
possible explanation is that the test range is very close to the CPCMs' PCT. The sodium 
acetate trihydrate /SSD-5/5 to sodium acetate trihydrate /SSD-2/8 exhibited phase changes at 
temperatures below 20℃. The thermal conductivity of these specimens decreases at 20℃ in 
comparison to results obtained at 15℃. Heat transfer by conduction predominates the 
hydrated salt is solid. While the PCM at liquid phase, natural convection is an important heat 
transfer mechanism. The SAT/SSD-2/8 and SAT/SSD-3/7 underwent an increase in thermal 
conductivity at 25℃ as a result of the warming process completing the phase transition. 
Nevertheless, thermal conductivity of sodium acetate trihydrate /SSD-4/6 and sodium acetate 
trihydrate /SSD-5/5 declined as temperature rose, since the phase transition was still 
incomplete at 25℃. Among various heat transfer materials, the SAT/SSD-3/7 specimens is 
among the most efficient at 15℃, with a thermal conductivity of up to 0.893 W/(m⋅K), as 
shown in Figure 16(b). This property has real-world implications, such as more reliable 
system operation and increased energy efficiency. Simultaneously, among the materials 
mentioned in the literature, SAT/SSD-3/7 stands out for its excellent thermal conductivity, 
which allows for improved total material cost effectiveness without sacrificing thermal 
execution. In addition, the thermal conductivity of specimens ranging from were below 0.73 
W/(m⋅K), as shown by the experimental results. This provides more evidence that these 
samples 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 formulations. A composite PCM was developed by embedding sodium 
acetate trihydrate (SAT) into a boron nitride–chitosan (BNCA) porous carrier using DHPD 
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and gum Arabic. It exhibited low supercooling (1.17°C) and enhanced thermal conductivity 
(1.0 W/m·K) for efficient energy storage [15]. 

 

Fig. 16. (a) Conductivity behavior, and (b) Cost assessment of 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 Figures 17(a) and 17(b). As the temperature increases, the sodium acetate 
trihydrate /DHPD-2/8 decreases while the sodium acetate trihydrate /DHPD-1/9 declines, 
attributable to their higher mass ratio of Na2HPO4⋅12H2O. Thermal conductivity decreased 
as a result of the CPCM's increased water content in response to rising test temperatures. This 
hydrated salt dehydrates easily at room temperature. These two ratios demonstrated subpar 
thermal performance due to their elevated supercooling degree, reduced latent heat values, 
and combined effects. Conversely, for sodium acetate trihydrate /DHPD-9/1 - sodium acetate 
trihydrate /DHPD-3/7, temperature-dependent 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 positive effects of higher water content 
on thermal conductivity were always in equilibrium with one another. It shows that at 25ºC, 
had a huge thermal conductivity of 0.51 W/(m⋅K), which is significantly higher than all the 
samples, which had thermal conductivities of approximately 0.64 W/(m⋅K), showing good 
heat transfer capabilities. There 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. 

 

Fig. 17. (a) Conductivity measurement, and (b) Cost assessment of SAT composites. 
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4 Conclusions  

The goal of the cost-effective 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/SSD then 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 dodecahydrate or sodium sulfate 
decahydrate, respectively. We tested the thermal conductivity, supercooling degree, PCT, 
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, the best CPCM was 
determined in terms of total performance. This is a synopsis of the most important study 
results: 

• 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. 

• With a constant temperature of 56.72°C and a maximum LHPT of 195.42 J·g-1, the 
recrystallization of the sodium acetate trihydrate /SSD-9/1 was consistent. Despite 
possessing the second-maximum phase transition at 187.11 J·g-1, the sodium acetate 
trihydrate /SSD-8/2 sample was unable to yield a complete eutectic. 

• When sodium acetate trihydrate is unadulterated, it can display supercooling down to 
35℃. With a mere 3.45℃ of supercooling, SAT/SSD-5/5 showed the low level of 
supercooling among all the samples evaluated in this investigation. It is worth 
mentioning that the supercooling degree can decrease to less than 4.62℃ when the 
mass fraction of Na2HPO4⋅12H2O is more than 40%. 

• About 0.45 W ·(m⋅K)-1 is the heat conductivity of pure SAT. Based on our research, 
the sodium acetate trihydrate /SSD-3/7 had the numerous thermal conductivities at 
15℃, with a measurement of 0.893 W·(m⋅K)-1. All specimens in the sodium acetate 
trihydrate /DHPD-9/1 to sodium acetate trihydrate /DHPD-3/7 series and sodium 
acetate trihydrate /SSD-6/4 to sodium acetate trihydrate /SSD-1/9 had thermal 
conductivities greater than 0.587 W·(m⋅K)-1. 

In general, the best performance is achieved by SAT/SSD-5/5, which has a latent heat of 
158.42 J/g and the lowest subcooling of 3.45ºC. 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 components that are sensitive to temperature, sodium 
acetate trihydrate /SSD-3/7 had best thermal conductivity, while when it comes to large-scale 
cold storage, sodium acetate trihydrate / SSD-9/1 had maximum latent heat. It is not possible 
to directly determine the thermal performance from test data for certain other prepared 
CPCMs. The sodium acetate trihydrate /DHPD-6/4 specimen is distinguished by its 
comparatively low LHPT and minimal degree of supercooling. Improving 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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