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ABSTRACT 
 The liquid-phase density of phase change material 
(PCM) is a key thermophysical property to analyze the 
heat transfer properties of phase change process and the 
evolution process of phase-change interface. Six sugar 
alcohol PCMs, which are widely used for medium-
temperature heat storage, are selected. Their liquid-
phase density data in wide temperature ranges is 
measured by a thermostatic liquid-phase density 
measurement instrument. Results show that the 
variation of liquid-phase density can reach up to 2.43% 
as the temperature changes by 30°C for six sugar alcohol 
PCMs. The maximal difference in liquid-phase density of 
different sugar alcohol PCMs can reach up to 4.62% at 
the same temperature. Furthermore, the specialized 
high-precision prediction models of liquid-phase density 
are constructed for six sugar alcohol PCMs, respectively. 
A general prediction model of liquid-phase density is also 
constructed, which is suitable for all the sugar alcohol 
PCMs. The root mean square relative error of all the 
specialized prediction models are less than 0.15%, and 
that of the general prediction model is less than 0.25%. 
 
Keywords: phase change material, sugar alcohol, liquid-
phase density, prediction model 

NONMENCLATURE 
Abbreviations  

DSC Differential Scanning Calorimetry 
PCM Phase Change Material 
RE Relative Error 

 RMSRE Root Mean Square Relative Error 
Symbols  

 Cx 
Number of carbon atoms in sugar 
alcohol phase change materials  

N Number 
T Temperature 
ρ Density 
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1. INTRODUCTION 
Phase change heat storage technology uses the 

phase change process of materials to absorb and release 
thermal energy [1], with high heat storage density (up to 
5~10 times of sensible heat storage), precise 
temperature control and other advantages [2], which is 
a critical approach to address the mismatch between 
energy supply and demand [3], improve energy 
utilization efficiency [4], and enable precise temperature 
control of equipment [5].  

Sugar alcohol phase change materials (PCMs) have 
the advantages of high heat storage density, low cost, no 
phase separation, low corrosivity, non-toxicity, and 
harmlessness, etc., which are very competitive choices of 
PCMs in the medium-temperature region (100~250°C) 
and have promising applications in heat storage and 
utilization [6], thermoelectric response [7], thermal 
management of batteries [8], and temperature control of 
electronic devices [9], etc. Yang et al. [10] designed a 
seasonal storage of solar thermal energy by using 
erythritol. Qin et al. [11] utilized erythritol to prepare a 
sugar alcohol-based composite PCM and investigated its 
thermoelectric response properties, and the results 
showed that the material exhibited excellent electrical 
response properties induced by ultraviolet radiation. Shi 
et al. [12] used mannitol and dulcitol binary eutectic 
composite PCM for the thermal management of lithium-
ion batteries and found that the eutectic material has 
excellent heat storage and exothermic properties and 
fast thermal response and has a better effect on the 
battery's delay the thermal abuse and a rapid response 
to thermal runaway. 

Liquid-phase density is a key thermophysical 
parameter of PCMs, which plays a vital role in the 
analysis of phase change thermal properties and the 
phase interface evolution process [13]. Liu et al. [14] 
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used the drainage method to measure the liquid-phase 
density of alumina porous ceramic sugar alcohol 
composite PCMs; Chen et al. [15] used molecular 
dynamics methods to simulate the density change of 
sugar alcohols in the phase change process. However, 
current experimental data on the liquid-phase density of 
sugar alcohol PCMs are relatively scarce and applicable 
to a wide temperature range of liquid-phase density 
prediction of high-precision model has not yet been 
established, restricting the study of sugar alcohol PCM.  

In this paper, a constant temperature liquid-phase 
density measurement device is used to get the liquid-
phase density of six typical sugar alcohols (xylitol, 
adonitol, erythritol, mannitol, dulcitol, inositol) PCMs. 
The high-precision liquid-phase density models for the 
six PCMs and a general prediction model for liquid-phase 
density prediction of sugar alcohol PCMs are 
constructed, providing key data and model support for 
the application of sugar alcohol PCM in the field of heat 
storage and temperature control of equipment. 

2. MEASUREMENT METHOD 

2.1  Measurement principle and device 

Based on Archimedes' principle, the sugar alcohol 
PCM density measurement was performed using a 
customized constant-temperature liquid-phase density 
measurement device, which is produced by Guangdong 
Hongtuo Instrument Science and Technology Company 
Limited. and modeled as HT-300-GT. The schematic 
structure and actual diagram of the thermostatic liquid 
density measurement instrument are shown in Fig. 1. 
The main technical parameters of the constant 
temperature liquid-phase density measurement device 
are shown in Tab. 1. 

 
Fig. 1 Schematic structure (left) and actual diagram 
(right) of thermostatic liquid density measurement 

instrument 

Tab. 1 Main technical parameters of thermostatic liquid 
density measurement instrument 

Parameters Value 

Measurement range/g∙cm-3 0.001~99.999 

Measurement accuracy /g∙cm-3 ±0.001 
Temperature control range/°C ambient temperature~400 

Temperature control accuracy /°C ±0.1 

 The constant temperature liquid-phase density 
measuring device firstly adjusts the heater to heat the 
constant temperature bath according to the set 
temperature value, so that its temperature reaches the 
set value and is controlled by constant temperature until 
the PCM in the crucible is completely melted; then, it 
measures the weight change of the quartz glass weight 
before and after it is immersed in the liquid respectively, 
and calculates the value of the liquid-phase density of 
the PCM at the set temperature according to the formula 
(1) and (2). 

According to Archimedes' principle, the calibration of 
measuring weights is carried out on the device before 
use, and the changes in the weight sensor signals before 
and after the quartz glass weights are immersed in the 
deionized water are tested respectively and recorded 
into the instrument, and the standard density value of 
the deionized water under the current water 
temperature is set at the same time; when the density of 
the liquid to be measured is measured, the changes in 
the weight sensor signals of the quartz glass weights 
before and after the immersion in the liquid are 
measured, and the density of the liquid-phase of the 
material under the set temperature can be found out. 
The liquid-phase density of the material at the set 
temperature can be found by simply determining the 
change of the weight sensor signals before and after the 
quartz glass weight is immersed in the liquid, and the 
formula is as follows [16]: 

 G Vg=  (1) 

 m 0

m w

w 0

G G

G G
 

−
=

−
 (2) 

where ρm is the density of the liquid to be measured, 
g∙cm-3; Gm is the weight of the quartz glass weight in the 
liquid to be measured, N; G0 is the weight of the quartz 
glass weight in air, N; Gw is the weight of the quartz glass 
weight in deionized water, N; V is the volume of the 
quartz glass weight, cm3; g is the acceleration of gravity, 
m∙s-2. 

2.2 Verification of experimental accuracy 

To verify the accuracy and reliability of the 
experimental measurements, publicly published 
experimental data are used for comparative verification. 
Because the current publicly published liquid-phase data 
of sugar alcohol-based PCM are fewer and none of them 
provide the corresponding temperatures, eicosane and 
docosane are selected as the verification objects [17]. 
The comparisons for the literature and experimental 
data of liquid-phase density is shown in Tab. 2; the 
relative error (RE) of the two is not more than 0.61%, 
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which proves that the experimental measurements are 
in good agreement with the literature measurements. 

Tab. 2 Comparisons for the literature and experimental 
data of liquid-phase density 

Materials T/°C 
Reference 

results/g∙cm-3 
Experimental 
result/g∙cm-3 

Relative 
error/% 

Eicosane 
50.0 0.7683 0.7640 0.56 
60.0 0.7617 0.7580 0.49 
70.0 0.7551 0.7510 0.54 

Docosane 
60.0 0.7677 0.7630 0.61 
70.0 0.7611 0.7570 0.54 

3. RESULTS AND DISCUSSION 

3.1 Sugar alcohol PCM 

Six kinds of sugar alcohol PCM were selected as the 
research object, including xylitol, adonitol, erythritol, 
mannitol, dulcitol, inositol, and the basic information and 
sources are listed in Tab. 3. 

3.2 DSC and liquid-phase density measurement results 

To determine the fundamental physical properties 
and the temperature range of the liquid-phase density 
test of the six purchased sugar alcohol PCM. The samples 
were subjected to a differential scanning calorimetry 
(DSC) test, and results are shown in Fig. 2. The phase 
change temperature (peak melting temperature) of the 
selected sugar alcohol PCM covers the range of 
94.56~225.24°C, and the phase change enthalpy 
(enthalpy of melting) is up to 367.19 J∙g-1. 

Tab. 3 Basic information and sources of sugar alcohol PCM 

NO. Materials 
Chemical 
formula 

Molecular 
structure 

Molar 
mass/g∙mol-1 

CAS NO. Purity/% Source 

1 Erythritol C4H10O4 
 

122.12 149-32-6 98 
Shanghai Aladdin Bio-Chem Technology 

Company Limited 

2 Xylitol C5H12O5 
 

152.15 87-99-0 98 
Shanghai Aladdin Bio-Chem Technology 

Company Limited 

3 Adonitol C5H12O5 
 

152.15 488-81-3 99 
Guangdong Fangxinshengwu Technology 

Company Limited 

4 Mannitol C6H14O6 
 

182.17 69-65-8 99 Xilong Sciencetific Company Limited 

5 Dulcitol C6H14O6 
 

182.17 608-66-2 99 Nanjing Duly Biotech Company Limited 

6 Inositol C6H14O6 
 

182.17 87-89-8 99 
Shanghai Macklin Biochemical Technology 

Company Limited 

 

Fig. 2 DSC test results of sugar alcohol PCM 

The liquid-phase density of six sugar alcohol PCM 
was further measured, starting from the end 
temperature of the phase change of each material and 
measuring upward for 30°C, with each interval of 2.5°C 
as a measurement temperature point, and the 
experimental measurements were obtained by taking 
the average value of multiple measurements. The results 
of the liquid-phase density measurements are listed in 
Tab. 4. 

The results indicate that the liquid-phase density 
decreases with increasing temperature. When the 

temperature change of 30 °C, six sugar alcohols PCM of 
the liquid-phase density change of 1.74%, 1.35%, 0.82%, 
1.46%, 1.75% and 2.43%, respectively. For sugar alcohol 
PCM with different numbers of carbon atoms, the 
difference in liquid-phase density at the same 
temperature is significant, with the maximum difference 
reaching 4.62%, and the higher the temperature, the 
greater the difference in liquid-phase density at the same 
temperature of different PCM. 

3.3 Section of material and methods 

The liquid-phase densities of the six sugar alcohol 
PCM all show strong linear laws with increasing 
temperature; therefore, based on the primary function 
form, specialized prediction models of their liquid-phase 
densities is constructed with the objective of minimizing 
the root mean square relative error (RMSRE). The RMSRE 
is calculated as follows: 

 
p, m,

m,

RE
i i

i

i

 



−
=  (3) 
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where ρp is the calculated value of the specialized 
prediction model, g∙cm-3; ρm is the experimentally 

measured value, g∙cm-3; REi is the relative error of the 
experimentally measured value from the calculated 
value of the specialized prediction model, %; and N is the 
number of experimental data. 

Tab. 4 Liquid-phase density data of six sugar alcohol PCM (pressure of 101.325 kPa) 

Materials Temperature/°C 
liquid-phase 

density/g∙cm-3 
Materials Temperature/°C 

liquid-phase 
density/g∙cm-3 

Erythritol 

130.0 1.2840 

Adonitol 

105.0 1.3555 
132.5 1.2810 107.5 1.3540 
135.0 1.2790 110.0 1.3520 
137.5 1.2770 112.5 1.3500 
140.0 1.2760 115.0 1.3485 
142.5 1.2740 117.5 1.3475 
145.0 1.2720 120.0 1.3460 
147.5 1.2710 122.5 1.3440 
150.0 1.2690 125.0 1.3430 
152.5 1.2680 127.5 1.3415 
155.0 1.2650 130.0 1.3405 
157.5 1.2640 132.5 1.3390 
160.0 1.2620 135.0 1.3375 

Xylitol 

110.0 1.3460 

Mannitol 

175.0 1.3535 
112.5 1.3450 177.5 1.3525 
115.0 1.3440 180.0 1.3500 
117.5 1.3430 182.5 1.3480 
120.0 1.3430 185.0 1.3460 
122.5 1.3420 187.5 1.3450 
125.0 1.3410 190.0 1.3440 
127.5 1.3390 192.5 1.3430 
130.0 1.3370 195.0 1.3410 
132.5 1.3360 197.5 1.3390 
135.0 1.3360 200.0 1.3380 
137.5 1.3355 202.5 1.3360 
140.0 1.3350 205.0 1.3340 

Dulcitol 

197.5 1.3390 

Inositol 

232.5 1.4730 
200.0 1.3370 235.0 1.4710 
202.5 1.3355 237.5 1.4700 
205.0 1.3330 240.0 1.4680 
207.5 1.3310 242.5 1.4660 
210.0 1.3305 245.0 1.4630 
212.5 1.3285 247.5 1.4570 
215.0 1.3270 250.0 1.4520 
217.5 1.3240 252.5 1.4480 
220.0 1.3225 255.0 1.4450 
222.5 1.3215 257.5 1.4420 
225.0 1.3200 260.0 1.4420 
227.5 1.3170 262.5 1.4410 
230.0 1.3160 265.0 1.4380 

Tab. 5 Specialized prediction models and their accuracy and applicable temperature ranges for the six sugar alcohol 
PCM 

Materials Specialized prediction 
models  

Temperature 
range/°C 

Maximum relative 
error/% 

R-Square (R2) 
Root mean square 

relative error/% 

Erythritol 1.37348 0.0006967T = −  130.0~160.0 -0.08 0.9944 0.04 

Xylitol 1.41702 0.0005912T −=  105.0~135.0 0.04 0.9954 0.03 

Adonitol 1.39005 0.0003989T −=  110.0~140.0 0.09 0.9691 0.05 

Mannitol 1.46348 0.0006297T −=  175.0~205.0 0.07 0.9930 0.04 

Dulcitol 1.47812 0.0007055T −=  197.5~230.0 0.05 0.9956 0.04 

Inositol 1.75590 0.0012079T = −  232.5~265.0 -0.21 0.9653 0.15 
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The liquid-phase density specialized prediction 
models and their accuracy and applicable temperature 
ranges for the six sugar alcohol PCM are shown in Tab. 5. 
RMSRE of the specialized prediction model does not 
exceed 0.15%, and the maximum RE between the model 
calculation results and the experimental measurement 
results does not exceed -0.21%. The prediction effects of 
specialized liquid-phase density specialized prediction 
models for six sugar alcohol PCM is shown in Fig. 3. 

 
(a) Erythritol 

 
(b) Xylitol 

 
(c) Adonitol 

 
(d) Mannitol 

 
(e) Dulcitol 

 
(f) Inositol 

Fig. 3 Prediction effects of specialized prediction models 
for six sugar alcohol PCM 

3.4 General prediction model 

Construct a general prediction model applicable to 
the prediction of liquid-phase density of sugar alcohol 
PCM, which can realize the high accuracy prediction of 
liquid-phase density of more material types and wider 
temperature intervals, and the experimental 
measurement data distribution of liquid-phase density of 
six kinds of sugar alcohol PCM is shown in Fig. 4. Sugar 
alcohol PCMs liquid-phase density increase with the 
increase in the number of carbon atoms. The densities of 
xylitol, adonitol, erythritol, mannitol, and dulcitol in the 
same molecular formula are similar, and RE under the 
same temperature is lower than 0.44%. Due to the 
significant structural differences between inositol and 
the remaining five species, the liquid-phase density of 
inositol exhibits a larger discrepancy compared to 
mannitol and dulcitol, which share the same molecular 
formula. Select structurally similar xylitol, adonitol, 
erythritol, mannitol, and dulcitol, a total of five types of 
sugar alcohols PCM as a general prediction model of the 

object of study, the general prediction model is as 
follows: 

 x1.170832 0.000744 0.052551T C = − +  (5) 

where ρ is the liquid-phase density, g∙cm-3; Cx is the 
number of carbon atoms of the sugar alcohol phase 
change material; T is the temperature of the liquid-
phase, °C; the applicable temperature range of this 
general prediction model is from the phase change 
temperature of the material to the temperature rise of 
the liquid-phase by 30°C. 

 
Fig. 4 Experimental measurement data distribution of 

liquid-phase density of six sugar alcohol PCM 

The applicability and prediction effect of the general 
prediction model are evaluated based on the 
experimental measurements of liquid-phase densities of 
six sugar alcohol PCM, as shown in Tab. 6. The RMSRE of 
the general prediction model does not exceed 0.25%; the 
comparison between the prediction results by the model 
and corresponding experimental data is shown in Fig. 5, 
and the maximum relative error of the model prediction 
results from the experimental measurements is not more 
than 0.43%, which indicates that the constructed general 
prediction model has a good prediction accuracy and 
expandability. 

 
Fig. 5 Comparison between the prediction results by the 

model and corresponding experimental data 

Tab. 6 Prediction effects of general prediction models 
for six sugar alcohol PCM 

Materials 
Maximum relative 

error/% 
R2 RMSRE/% 

Erythritol 0.14 0.9786 0.08 
Xylitol -0.33 0.8270 0.17 

Adonitol 0.43 0.2330 0.25 
Mannitol 0.19 0.9354 0.11 
Dulcitol -0.10 0.9918 0.05 
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4. CONCLUSION 
In this paper, the experimental measurement of six 

kinds of sugar alcohols PCM, a wide temperature range 
of liquid-phase density data, and the establishment of six 
high-precision specialized prediction models for liquid-
phase density of PCMs and a general prediction model 
applicable to sugar alcohol PCMs, can be for the 
promotion of sugar alcohols PCM and its application to 
provide key data and model support. The main 
conclusions are as follows: 

When the temperature changes 30 °C, the liquid-
phase density of the sugar alcohol phase change material 
changes up to 2.43%; and at the same temperature, the 
liquid phase density of different sugar alcohol phase 
change material difference up to 4.62%.  

The liquid-phase density prediction models 
established have good accuracy; RMSRE of the dedicated 
prediction model does not exceed 0.15%, and the 
maximum relative error does not exceed -0.21%; and 
RMSRE of the general prediction model does not exceed 
0.25%, and the maximum relative error does not exceed 
0.43%. 
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