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Abstract: The aim of this study was to investigate the thermal properties of D-Manmitol as a Phase Change
Material (PCM) for latent heat storage system. Heat absorbed by D-Mamnitol causes it to undergo a change
from the solid to the liquid phase and this heat is stored as the latent heat of fusion. The stored energy can then
be retrieved at a later time for various applications. The melting point and enthalpy of the fusion of D-Mannitol
are important properties and these were determined by Differential Scanning Calorimetry (DSC) measurements.
Melting was found to begin at 162.15°C and attained a peak at 167.8°C whule the enthalpy of fusion was found
to be 326.8 T g™ for 10°C min~". Furthermore the change in melting temperature and enthalpy of fusion for
different heating rates were studied experimentally by DSC. D-Mannitol’s thermal stability was studied using
the TG-DTG (thermogravimetry-derivative thermogravimetry) and TG-DTA (thermogravimetry-differential
thermal analysis) curves. The TG-DTG curves revealed that thermal decomposition began at 300.15°C. The DTA
curve had a sharp endothermic peak at 169.2°C followed by a broad exothermic one at 297°C. The curves
showed that D-Mannitol decomposes in one prominent mass loss stage. The measurement of latent heat
(enthalpy of fusion), melting pomt and decomposition point showed that D-Marmitol with a latent heat
326.8 kI kg™ and melting temperature 167.8°C is the most suitable PCM candidate for medium temperature
applications because of a large temperature difference of 132°C between its melting point and decomposition
temperature.

Key words: Differential scanmng calorimetry, latent heat storage, phase change material, endothermic,

enthalpy of fusion, thermal stability

INTRODUCTION

Energy storage 1s essential primarily when the rate of
energy consumption is greater than the rate of
production. Additionally, energy storage 1s bound to be
beneficial in the present time when most of the non-
renewable energy sources are being rapidly depleted. For
example, in India, LPG is widely used as a source of
energy for cooking purposes (http://mospinic.in).
Utilizing solar energy mnstead, would certainly help
conserve LPG for other applications, where the use of
alternative sources of energy is highly restricted.
However, sunlight is intermittent and is not available for
about 15 h out of 24. Hence, an efficient energy storage
system could help store part of the solar energy captured
during the day. The stored energy can be used to cook,
even the absence of sunlight Furthermore, in recent
times, energy storage has attracted a lot of mterest in
areas, such as water heating and waste heat utilization. It
is thus safe to say that the storage of energy is a useful
tool for increasing energy efficiency and savings
(Zalba et al., 2003).

In thermal energy storage, the useful energy
transferred to the storage medium in the form of latent
heat and sensible heat: Among the two, latent heat
storage is more aftractive than sensible heat storage
because of its ligh storage demnsity with smaller
temperature swing. In latent heat storage systems, energy
that 1s supplied to the storage material goes mto changing
the state of the material. Consequently, energy storage
oceurs at a constant temperature unlike in sensible heat
storage, where the energy supplied is stored by raising
the temperature of the storage material (Sharma et af.,
2009). In any case, irrespective of the method of energy
storage and application, it is desirable to have a storage
material that has high specific heat capacity and latent
heat values.

A wide range of PCMs with their properties,
advantages and limitations have been comprehensively
reported by Farid et al. (2004), Sharma and Sagara (2007),
Sharma et al. (2009), Zalba et af. (2003) and Agyemm ef al.
(2010). Every latent heat thermal energy storage system
requires a suitable PCM for use in a particular kind of
thermal energy storage application. One of the important
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Fig. 1. Scatter diagram showing the melting points and

heat of fusion for various sugar alcohols

factors to be considered when choosing an appropriate
PCM 15 the life of the PCM, 1.e., its ability to resist change
in the melting temperature and latent heat of fusion with
time due to thermal cycling. Shukla et al. (2008) performed
a thermal cycling test of selected inorganic and organic
PCMs. They concluded that paraffin waxes show
reasonably good thermal reliability and Erythritol, a sugar
alcohol, is a promising PCM for high temperature thermal
energy storage, as its latent heat began to show only
gradual degradation after 500 thermal cycles. There are a
number of sugar alcohols available commercially.
Choosing one that i1s appropriate for effective heat
storage 15 imperative. Though the sugar alcohols have
good thermal reliability (Kaizawa et al., 2008), other
thermophysical properties need to be considered for
effective heat storage systems. Two such parameters
are the melting temperature and latent heat of fusion.
Figure 1 below shows a scatter diagram depicting the
melting temperatures and heat of fusion of five sugar
alcohols (Kakiuchi ef al., 1998).

From Fig. 1, it can be seen that the sugar alcohols
have high latent heat storage capacity and melting
temperature and therefore, they are promising PCMs for
practical Latent Heat Thermal Energy Storage (LHTES)
applications performed at 90-190°C. It can be clearly noted
from the Figure that, D-Manmitol has a slightly lower
value of latent heat of fusion than Erythritol, however, it
has a higher melting pomt than Erythritol. Several works
have been attempted by using Frythritol as a PCM for
LHTES applications, due to its high latent heat of
fusion, its non-toxic nature and its easy availability
(Kakiuchi et al., 1998; Kaizawa et al., 2008). According to
Kaizawa et al. (2008), Erythritol, Xylitol and D-Mannitol
appears to be a reliable PCM for high temperature
applications, due to large latent heat and good operational
safety.

CH,0H

HO-C-H

HO-C-H
H-C-OH
H-C-OH

CH,0H

Fig. 2: Axis symmetric chemical structure of D-Mannitol

D-Mannitol  is a natural polyol having a low
molecular weight of 182.17. Tt is most commonly used in
pharmaceutical and food industries due to its
characteristic sweet taste and comparatively low energy
content. Consequently it makes a suitable substitute for
sugar in the food industry and provides sweetness to
drugs (Bama et al., 2010) . The potential use of D-
Mannitol as a phase change material is supported by its
thermal properties. Its ability to retain heat effectively
its liquid state affirms its capability for use as a PCM.
Furthermore, D-Mamnitol’s relatively high density of
1.52 g cm™ allows a large quantity of D-Mannitol to be
packed mto a small volume. This, coupled with its high
specific heat of fusion allows for large amounts of energy
to be absorbed for storage (Kaizawa et al., 2008). As
regards the cost, D-Mannitol is quite cheap, selling at
1000 Indian Rupees (US $ 25) per kg (www srlchem.com).
The axis symmetric chemical structure of D-Mannitol is
shown in Fig. 2.

The objective of this paper is to study the feasibility
of D-Mamnitol as a PCM candidate f{rom three
thermophysical property view pomts, namely, enthalpy of
fusion, melting temperature and decomposition
temperature.

MATERIALS AND EXPERIMENTATION

D-Mannito]l Extrapure AR [CAS No. 69-65-8] having
a labelled purity of 99% mass fraction, was purchased
from Sisco Research Laboratories Pyvt. Ltd. Mumbai, India
and used without further purification. The D-Mannitol
was handled in a dry N; atmosphere, to prevent
contamination by moisture. All the experiments were
carried out at  the  Sophisticated  Analytical
Instrumentation Facility, Indian Tnstitute of Technology
Madras, Chennai, India.

The melting temperature and enthalpy of fusion were
determined by the DSC. The differential scamming
calorimeter used, was the Netzsch DSC 204 manufactured
by Netzsch, Germany.
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The quantity of 11.97 mg of D-Mannitol was tested
in an open aluminium crucible. The temperature
range employed during the experiment was from
25.15 to 250.15°C. The heating rate was kept constant at
10°C min~". The experiment was repeated for different heat
input rate.

The thermal stability-decomposition temperature and
percentage of mass change of D-Mannitol were studied
using the TG-DTA. The instrument used was the Netzsch
STA 408 C/CD manufactured by Netzsch, Germany.
12.39 mg of D-Mannitol was tested in an alumimna crucible
i N, atmosphere. The temperature range used during the
experiment was from 25.15 to 1200.15°C. The heating
rate was maintained at 10°C min™' for the DSC and
TG/DTG/DTA studies. The DSC experiment was repeated
five times for each heating rate and the data obtained
was averaged.

RESULTS AND DISCUSSION
The DSC curve of D-Mannitol obtained after
conducting the experiment is shown in Fig. 3.

From Fig. 3a, it can be seen that a sharply
endothermic peak, corresponding to the melting process
has an onset point of 162.15°C. The curve then peaks
at a temperature of 167.8°C (Gombas er al, 2003;
Ye and Byron, 2008; Telang ef al., 2003). The area under
the peak denotes the enthalpy of fusion of D-Mannitol.

326.8 T g (Kaizawa ef af., 2008). The change in melting
temperature and enthalpy of fusion was observed for
different low heating rates of 0.5, 1.0 and 2.0°C min—". The
marginal change in melting point temperature and
enthalpy of fusion in DSC curves was observed in
Fig. 3b-d due to heating rate variation.

The TG-DTG curve is shown in Fig. 4 and it can be
seen that the mass loss of the sample is completed m one
stage. The D-Mannitol remains stable below 300.15°C
(Kaizawa et al., 2008). The result showed that D-Mannitol
can store thermal energy without any mass loss when
300.15°C 1s the maximum operating temperature. Beyond
this temperature, the D-Mannitol begins to lose mass. The
rate of mass loss reaches a maximum at about 365°C and
almost all its mass 1s lost at about 397°C.

The simultaneously recorded TG and DTA curve is
shown in Fig. 5. Onthe TG curve a single weight loss step
is marked at 300.15°C. The DTA curve in Fig. 6 shows the
three endothermic and two exothermic heat effects during
decomposition 1 an mnert atmosphere (nitrogen). The first
endothermic effect of the main degradation of the sample
was observed, as expected, at 169.2°C and followed by an
exothermic effect at 332.4°C. Consequently the peak wiuch
corresponds to a temperature of 1692 and 332.4°C,
indicates the melting temperature and highest available
temperature of D-Mannitol in the given experimental
conditions (Brunmi et al, 2009). This 15 seen to be
consistent with the interpretation of the TG-DTG curve

The wvalue obtained for the enthalpy of fusion is done earlier. The subsequent exothermic peak at 378.7°C
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Fig. 3: DSC curves of D-Manmitol
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Fig. 4 TG-DTG curve of D-Mannitol

¥ex0
100 4
0.5
80 ~
ol T
e - 0.0 §
< 60
g g
-0.5 ﬁ
40 1 )
-1.0
20

T T T T 1 T
200 400 600 800 1000 1200
Temperature (°C)

Fig. 5: TG-DTA curve of D-Manmitol

¥ €X0
Peak: 169.2°C

05 4 Peak: 674.2°C
2

0.0 1
z
g
S 057
a

10 - Peak: 378.7°C

eak: 332.4"?
T

T 1 T
200 400 600 800 1000 1200
Temperature (°C)
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and explicit endothermic peaks at 4089 and 674.2°C
observed in DTA curve may correspond to loss of the
different volatile products created during thermal
degradation of the D-Manmitol (Dufaure ef al., 1999).

CONCLUSION

The selection phase change material for any latent
heat thermal  storage  system requires  good

thermophysical properties. The possibility of D-Mannitol
as phase change material was examined by using DSC and
TG-DTG/DTA analysis. The analysis proves that high
melting temperature, decomposition temperature and
latent heat of fusion of D-Mannitol make it an excellent
phase change material for latent heat storage n medium
temperature applications where temperature requirement
is about 160-170°C and can be applied in solar thermal,
industrial process heat and waste heat recovery systems.
Further worls, the changes in thermophysical properties of
D-Mannitol before and after the number of thermal cycles
is needed to study the nature of change in their thermal
reliability and how to prevent it from occurring.
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