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 Thermophysical Characteristic Analysis Of 
Edible Erythritol And Xylitol For Their Use As 

Phase Change Materials  
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Abstract: Thermal characterisation techniques are used for the temperature based physical properties measurement to ascertain the suitability of 
materials in latent heat energy storage as a storage medium. Differential Scanning Calorimetric analysis and Thermo Gravimetric Analysis are such 
techniques. Organic/food grade erythritol and xylitol, supplied by a provincial manufacturer were examined for their use as phase change materials in 
latent heat thermal energy storage systems. Differential scanning calorimetric tests showed the three important thermal characteristics - melting 
temperature, fusion enthalpy and specific heat were quite similar to that of the industrial-grade materials previously studied. Thermo gravimetric analysis 
revealed the temperature dependant physical characteristics - thermal steadiness and purity of the materials. Thermal disintegration temperatures, the 
specific heat at solid and liquid states of the samples showed their fitness as phase change materials. The enticing thermal characteristics exhibited, 
promising them as fertile phase change materials for low-temperature thermal energy storage applications. 
 
Index Terms: Phase change material, Thermal energy storage Erythritol, Xylitol, Differential Scanning Calorimetry, Thermo Gravimetric Analysis, Melting 
temperature, Melting enthalpy, Specific heat. 

——————————      —————————— 

 

1. INTRODUCTION 
Productive and conserving thermal energy storage system is 
the solution to the challenging and extensive usage of the 
recurrent thermal energy of factory-made expenditure/surplus 
as well as solar energy for low-temperature thermal utilities. 
The needs for storage of such energy have become severe 
due to its nature of availability. Thermal energy storage 
attracted, of late, developing consideration for its mammoth 
future to serve the requirements of cities for continuous 
renewable energy use. This system plays an imperative act in 
sustaining available energy and bettering its application 
because the disparity among energy source and requirement 
can be swamped by the exertion of an appropriate energy 
storage system. The energy was stored habitually in the form 
of sensible heat, but it requires a massive volume of storage 
material. The storage volume can be notably shortened if 
energy is reserved in the mode of latent heat and thus can 
benefit an enormous amount of practical applications. Thus 
Latent heat thermal storage (LHTS) becomes an issue of the 
combination of exploration activity. Latent  heat  storage  uses  
phase  change  materials (PCM)  for accumulating heat of 
fusion. However their fitness for energy storage medium will 
be valid, provided they must fulfil some desirable 
thermophysical characteristics like melting point, latent heat of 
fusion, specific heat and disintegration temperature are few 
essential characteristics need to be identified for such use. 
Finding an appropriate PCM for various applications like 
heating, cooling, cooking,  
 
 
 
 
 
 
 
 
 
 
 
 
 

greenhouse, water heating and waste heat recovery systems 
[1], [2] and different techniques for the measurement of thermo 
physical properties of PCM [1] are extensively reviewed. A 
material to be preferred as PCM must inherently possesses 
extensive latent heat of fusion for every unit mass with their 
melting points in the obligatory region of application and a 
larger specific heat. Different materials so far identified as 
potential PCMs by researchers, the heat transfer in those 
materials and their applications were described with their 
thermo physical properties [3], [4]. 
 

2 PHASE CHANGE MATERIALS 
Materials which absorb enormous heat when they change 
their state from solid to liquid while melting are termed as 
phase change materials and the heat of fusion often known as 
latent heat. Phase change materials are used as promising 
media of heat energy storage since they have enormous 
energy storage capacity within a smaller temperature range 
when compared to common sensible heat storage materials 
and at the same time organic PCMs were identified as most 
promising for the low temperature applications [5]. The PCMs 
are divided into three main categories organic, inorganic and 
eutectic materials as shown in Fig.1. 

 
Fig.1. Phase change materials 
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2.1 Organic Phase Change Materials 
Organic PCMs are meritorious as they have consistent melting 
characteristics and self-nucleation. They were found more 
suitable for LHTS than inorganic materials, and they were then 
checked with differential scanning calorimeter (DSC) for their 
latent heat storage capacity and melting temperature change 
[6]. Polyol or sugar alcohols are organic substances which are 
potentially used as PCM in low to medium temperature heat 
energy storages. Erythritol and Xylitol, the promising PCM 
candidates, are considered in this study as they possess a 
tremendous value of phase change enthalpy, excellent thermal 
stability and moreover readily available at low cost in a 
temperature territory close to 92°C- 122°C.  
 

3 MATERIALS AND EXPERIMENTATION 
Erythritol [C4H10O4] and Xylitol [C5H12O5], commercial grade 
granules with a labeled purity of 98.6 % to 99.7% mass 
fraction were supplied by Herboveda India for this DSC/TGA 
study. Fig. 2 and Fig. 3 show their chemical structure.  
 

                                                                                 
Fig. 2. Chemical structure for              Fig. 3. Chemical 

structure for Xylitol 
            Erythritol 
 
Heat can accumulate in a substance with the increase of the 
degree of hotness and hence thermal energy got absorbed 
and stored sensibly and by changing the phase of an element 
or through a combination of these two, later reused. Thermal 
storage facilitates massive scale substitutions of energy 
sources economically. Differential Scanning Calorimetry (DSC) 
gave comparable results of determining melting enthalpy as 
well as melting and solidification behaviour of PCM. The 
results of measurements accomplished during heating tests 
show good agreement in enthalpy and temperature compared 
to cooling tests [7]. In order to plan and model LHTES, 
consistent factors are essential like latent heat, melting and 
solidifying temperatures of the PCM capric acid, and were 
testified by DSC [8]. In order to depict the thermophysical 
characteristics of pcms for instance, melting temperature, 
melting enthalpy, the specific heat of samples, DSC is a 
typically used method amongst others like the differential 
thermal analysis (DTA) [9], [10].  In this method, the equipment 
system monitors the heat required to raise the temperature of 
sample material available in the sample crucible comparing 
with an empty reference crucible in terms of the function of 
temperature as represented in Fig. 4.  
 

 
 
Fig. 4. Differential Scanning Calorimetry working principle 
 

Many Characteristics are desired of a PCM. Since no material 
can satisfy all of the desires, the choice of a PCM for a given 
application requires careful examination of the properties of 
the opted materials. The properties of many PCMs were 
investigated and reported earlier [11]. It should be noted, 
however, that properties of industrial grade products, which 
are used in practical applications, may deviate broadly from 
reported values because of the presence of impurities, 
composition variations. Thermal properties like melting point, 
latent heat of fusion, thermal stability were found by DSC, 
thermogravimetry-derivative thermogravimetry (TG-DTG) and 
thermogravimetry-differential thermal analysis(TG-DTA) 
methods with different heating rates [12]. Similarly, paraffin, as 
well as erythritol, were experimented in cylindrical thermal 
energy storages after testing their melting behaviour by DSC 
technique successfully and found that melting temperatures of 
such PCM were coherent [13], [14]. All the experiments were 
carried at the NETZSCH Applications Laboratory, Chennai. 
The melting temperature and enthalpy of fusion were 
determined by DSC. The thermal stableness-disintegration 
temperature and mass change percentage were studied using 
TG-DSC. Instead of Small heating rates as they result in a bad 
signal-to-noise ratio within the sensible regions (pure solid and 
liquid state) of the PCM, heating rates of 10 K/min for 
determining the heat capacity were performed [15]. The 
NETZSCH simultaneous thermal analyser, STA 449 F3 Jupiter 
has been used to measure the mass change and 
transformation energetics of the materials. The top-loading 
STA has been equipped with true TG-DSC sensors, and the 
temperature range of the test ranged from 298 K to 773 K. The 
system employed for this work was equipped with an Alumina 
crucible with lid and S type thermocouple. The system is 
vacuum tight, allowing measurements to be conducted under 
a pure Nitrogen atmosphere as purging as well as a protective 
medium. The heating rate of 10 K/min has been employed, 
and the digital resolution of the balance was 1 μg/digit. Data 
acquisition and evaluation, as well as instrument control, are 
carried out using the Proteus® software on MS-Windows

TM
 

software package. The software allows the computation of the 
rate of mass change, mass change steps, onset and peak 
temperatures, inflection points, and peak area integration. 
 

4 UNCERTAINTY EXPLORATION 
The uncertainty of any measurement is dependent upon the 
preciseness and accurateness of the gauging device. 
Uncertainty of a particular parameter of measurement takes 
place because of a number of causes like calibration error, 
sensitivity drift [16]. In this study two measuring devices, 
electronic weighing balance and thermocouple having 0.1 ± μg 
and ± 0.1 K accuracy. The DSC enthalpy accuracy of the 
device was ± 2% with the DSC resolution < 1 µW, and the 
temperature resolution 0.001 K. The TG resolution of the 
device was 0.1 µg. 
 

5 RESULTS AND DISCUSSION 
The outcomes of the tests conducted on the samples to check 
their main characteristics required for PCM were presented in 
this section.  
 
5.1 TG/DSC data analysis of erythritol 
The onset temperature of the melt of the sample was the point 
before the start of the slope of the changeover ultimate. The 
area enclosed by the onset, peak and end points of the melt of 
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the sample was calculated as latent heat of fusion or enthalpy 
of fusion.  

 

 
Fig.5. Temperature dependent mass and energy changes of 

Erythritol sample by NETZSCH STA 449 F3 Jupiter 
 
The slight temperature rise detected was in the course of 
phase changeover, since utmost heat energy was 
accumulated to break the molecular bonds of the sample PCM 
by latent heat rather than raising its temperature [17].  Once 
the sample PCM stocks its full storing capability of latent heat 
of fusion, it turns into entirely molten state. Supplementary 
accumulation of thermal energy remains as sensible heat in 
the liquid phase of the PCM as its temperature upswings once 
more in relational to the liquid state specific heat of the sample 
PCM. 14.784 mg of Erythritol was taken in the sample crucible 
for the testing. Fig. 5  depicts the temperature dependant 
mass and energy change of the organic sample measured at 
10K/min heating rate. The green curve represents TGA 
heating, and the blue curve represents DSC heating. Single 
mass step corresponding to 99.66 % observed, and the 
residual mass was 0.34 % at 500.6 °C. The first endothermic 
peak was observed at 126.8 °C, and the heat of fusion for this 
process was 339.7 J/g. Endothermic peak also observed at 
326 °C, which was due to the decomposition of the sample. 
The thermal stability of Erythritol was studied using the TG 
curve, which exposed that thermal decomposition began at 
326.15°C. The curve also showed that Erythritol decomposes 
in one prominent mass loss stage.  

 
5.2 TG/DSC data analysis of xylitol  
 

 
 

Fig.6. Temperature dependent mass and energy changes of 
Xylitol sample by NETZSCH STA 449 F3 Jupiter 

 

Fig. 6 depicts temperature dependent mass and energy 
change of organic sample, 12.69 mg of xylitol measured at 
10K/min heating rate. TGA heating is represented by the green 
curve, and the DSC heating curve is represented by the blue 
curve. Single mass step corresponding to 98.77% observed, 
and the residual mass is 1.23% at 500.3°C. The first 
endothermic peak is observed at 102.2°C, and the heat of 
fusion for this process is 273J/g. Endothermic peak also 
observed at 359.5°C, which was due to the decomposition of 
the sample. Xylitol sample maintained thermal steadiness up 
to 359.5°C, the prediction from the TG curve.  
 
5.3 DSC data analysis of erythritol and xylitol  
The melting point and enthalpy of the fusion, important 
characteristics of the candidate sugar alcohols as PCM, were 
also determined by NETZSCH DSC 200 F3 Maia instrument. 
The measurement conditions followed were: heating rate 10K/ 
min in an inert atmosphere of nitrogen, K type temperature 
sensor, accuracy 0.1K; testing temperature range RT to 300°C 
and the sample crucible made of aluminium with lid pierced 
and sealed. 5.568 mg sample of erythritol was tested; its 
melting was found to begin at 119.5°C and reached an 
ultimate at 127.3°C while the enthalpy of fusion was found to 
be 340.6 J/g shown in Fig. 7. For Xylitol, with 5.191 mg 
sample, the melting point onset was found at 92.7°C and an 
ultimate at 101.8°C whereas the enthalpy of fusion was 273 
J/g shown in Fig. 8.  

 
Fig.7. DSC analysis of erythritol by NETZSCH DSC 200 F3 

Maia 
 

DSC analysis of erythritol (heating test) Furthermore, the 
change in melting temperature and enthalpy of fusion was 
studied experimentally by NETZSCH DSC 204 instrument with 
8.29 mg of erythritol sample at Sophisticated Analytical 
Instrument Facility (SAIF), Indian Institute of Technology 
Madras, Chennai, and the values are shown in Fig. 9.   
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Fig.8. DSC analysis of xylitol by NETZSCH DSC 200 F3 Maia 
 
5.4 Comparison of test results  
The melting temperature and enthalpy of fusion of erythritol 
and xylitol of current study are compared with the results of [6] 
and [15].  From Fig. 10, we find melting temperatures are 
almost closer but the fusion enthalpy having good agreement 
with [6], in the case of erythritol and with [15] in the case of 
xylitol. The dissimilarities of DSC quantities, not caused by the 
inconsistency of materials but because of the complications 
with the measurement mode itself, were demonstrated by 
quite a few tests carried out. Mass of samples also influenced 
the DSC results of the candidate phase change materials.  
 
 

 
 

Fig.9. DSC testing of erythritol by NETZSCH DSC 204 
 

      
 
Fig.10. Comparison of melting temperature and latent heat of 
erythritol and xylitol of current experiments with that of Shukla 

et al., and Hohlein et al. 
 
5.5 Specific heat analysis  
Both the materials were tested for their specific heat by 
NETZSCH DSC 200 F3 Maia differential scanning calorimeter 
at NETZSCH applications laboratory, Chennai. The instrument 
used aluminium sample pan with open lid as well as nitrogen 
atmosphere with DSC New Sensor 120216 and 20 K/min 
heating rate. The temperature measurement ranged from 0° to 
550° C.  Fig. 11 and Fig. 12 depict the variation of Cp value 
concerning the temperature of heating.  
 

6   EXPERIMENTAL RELATION AMONGST TEST 

RESULTS  
Equations were arrived for the experimental relation amongst 
heat flow (W/g), specific heat (Cp) and temperature of the PCM 
samples from onset to the peak point of melting temperature. 
Polynomial curves fitting were executed with the set of 
experimental data using the least square error technique. The 
regression coefficients, R², closer to unity, were ascertained 
while fitting the degree of polynomial curves with the data 
points. 
 
 

 
Fig.11. CP testing of erythritol by NETZSCH DSC 204 

 

 
 

Fig.12. CP testing of xylitol by NETZSCH DSC 204 
 

Mathematical relation between heat flow and temperature  
For erythritol, from Fig. 7 during DSC analysis, the 2nd order 
polynomial curve was fitted, and the equation was, From all 
the equations obtained from the curve fitting, closer the 
coefficient of determination (R²) value nearby unity show that 
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better the relationship between the factors. 
Heat flux = 0.0175 t² -3.93 t + 221.41                                      
(1)  
with R²=0.998 and during DSC heating, from Figure 8,  
Heat flux =-0.1167 t²+29.78 t -1891.4                                      
(2)  
with R²=0.994.  
From Fig.11, the variation of specific heat with the temperature 
of melt curve fitted exactly given by the 3rd order polynomial 
equation,  
Cp= - 0.02 t³ + 7.48 t² - 919.26 t + 37579                                   
(3)  
and the value of R² = 0.99   
Similarly for xylitol, from Figure 9, during DSC, 2nd order 
polynomial curve best fitted and the equation for that was,  
Heat flux= -0.037 t² + 8.04 t - 426.6                                         
(4)  
with R²= 0.99  and  
from Fig.12, 3rd order polynomial equation curve fitted more 
accurately,  
Cp = - 0.115 t³ + 33.45 t² - 3238.77 t + 104393.85                      
(5)  
and its R²= 0.997 
 
All the equations obtained from the curve fitting show that, 
closer the coefficient of determination (R²) value to unity better 
the relationship between the factors. 
 

7 CONCLUSIONS 
The selection of Phase change material for any latent heat 
storage system requires the desired range of thermophysical 
properties. The possibility of stevia derivatives of Erythritol and 
xylitol, procured from Herboveda, India as phase change 
materials were examined by using DSC and TGA analysis. 
The analyses prove that high melting temperature, 
decomposition temperature and latent heat of fusion of 
Erythritol and xylitol make them as excellent phase change 
materials for latent heat storage for low-temperature thermal 
energy storage applications. Melting has begun at 119.5°C for 
Erythritol and 92.7°C for Xylitol while the enthalpy of fusion 
was found as 340.6 J/g and 273 J/g. From the TGA curves, 
thermal constancy studied reveal that the thermal 
disintegration began at 326.15° C and 359.5°C respectively for 
these two materials. The mass changes in the substances 
were 99.66% and 98.77% respectively. The changes in 
thermophysical properties of Erythritol and Xylitol before and 
after the number of thermal cycles are needed to study the 
nature of change in their thermal reliability and how to prevent 
them from occurring. 
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