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Energy storage is a useful tool to increase energy efficiency and energy savings.
Solid-Liquid phase change materials (PCMs) are used in latent heat thermal energy
storage systems. Plastics are currently used as encapsulate materials with PCM, but
previously a compatibility test should be made to ensure long term stability. It is not
possible to find experimental studies of organic PCM migration in plastics in the
literature. The main objective of this work is an experimental study of the compatibility of
some PCMs typically used for thermal energy storage with a melting temperature around
22°C and some plastic materials currently used as encapsulate materials. The PCMs
tested are molecular alloy C16-C18, RT20, RT25, RT26, and TH24, and plastic materials
tested are PP, LDPE, HDPE, and PET. As a consequence of the results, the best plastic
to be used with each PCM and combinations that should be avoided are chosen. © 2005
American Institute of Chemical Engineers AIChE J, 52: 804—808, 2006
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Introduction

Energy storage is a useful tool to increase energy efficiency
and energy savings. There are three ways to store energy:
chemical energy (reversible reactions), sensible heat, or latent
heat.

Latent heat thermal energy storage is the most used technol-
ogy because the energy stored density is higher if a proper
temperature range of phase change is chosen. Liquid-Solid
phase change also provides this energy stored with lower
volume change compared to any other phase change. There-
fore, the design of liquid-solid phase change material heat
exchangers is easier.

There are two kinds of liquid-solid phase change materials
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(PCMs), organics and inorganics. This difference is made
because of the different chemical and physical behavior. Par-
affins are the most used organic PCMs, and hydrated salts are
the most used inorganic PCMs. There are many applications in
use or being developed of latent heat thermal energy storage
with phase change materials,!-3 such as free-cooling systems or
microencapsulated PCMs embedded in construction elements.

Liquid-Solid phase change materials must be encapsulated.
This can be done with microencapsulation or macroencapsula-
tion. When macroencapsulation is desired, the most common
encapsulate materials are plastics or metals.?

In a latent heat thermal energy system design with phase
change materials, as important as heat transfer aspects and
correct dimensioning, is to take into account materials aspects,
such as thermal properties (PCM enthalpy-temperature
curves*) and compatibility behavior.

Attending to its nature, it is possible to predict compatibility
problems of inorganic PCMs with metals, developed as corro-
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Table 1. Properties of the Tested Plastics!®

PET PP PEHD PELD

Jowater absorption (24

hours) ASTM D570 0.1  0.01-0.03 <0.01 <0.01
Density (g/cm?®) DIN

5479 1.37  0.90-0.907 0.94-0.96 0.914-0.928
Radiation strength Good acceptable acceptable acceptable
Specific heat (kJ/kgK) 1.05 2.0 2.1-2.7 2.1-2.5
Coefficient of linear

expansion (K~! - 10°) 70 150 200 250
Thermal conductivity

(W/m - k) 0.24 0.17-0.22 0.38-0.51  0.32-0.40
Service temp.

max/continuous (°C) 100 100 70-80 60-75
Service temp.

min/continuous (°C) —20 0/—30 —=50 —=50
Resistance to solutions of

inorganic salts resistant resistant  resistant resistant
Permeability to CO, 1 31 — —
Permeability to O, 1 23 — —
Permeability of water 1 0.2 — —

sion, and organic PCMs migration in plastics. Some studies
have been developed on metals corrosion with inorganic
PCMs.>8 But it is not possible to find experimental studies of
organic PCM migration in plastics in the literature. Some
behavior predictions can be found in Lane.” General tables
describing compatibility of plastics with other materials where
paraffins are included could be found, but they are not quan-
titative and not specific.

In thermal energy storage systems, costs are a very important
factor of viability. Therefore, even though paraffin interactions
with plastics are known by industry, plastics are proposed as
encapsulate materials with PCMs for many applications, for
example, free-cooling.?

The main objective of this work is an experimental study of
the compatibility of some PCMs typically used for thermal
energy storage with a melting temperature around 22°C, and
some plastic materials currently used as encapsulate materials.
For our research and the development of PCM application, it
was also important to obtain information about the PCMs’
behavior in plastic encapsulates. The plastics used in this paper
are elementary composition, but after these tests some plastic
additives could be studied to improve the compatibility behav-
ior.

Experimental
Standards

No international standards on PCM migration in plastics
tests were found. Therefore, the standard ISO 175:1999 Plas-
tics, Methods of Test Determination of the Effects of Immer-

Table 2. Properties of the Tested PCMs

Substance Melting Point (°C) Manufacturer

Molecular alloy

349%C,s—66%C,g 19.5-22.2 Own manufactured
RT20 alkanes 20 Rubitherm
RT26 alkanes 26 Rubitherm
RT25 alkanes 25 Rubitherm
TH24 salt hydrated 24 TEAP
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Figure 1. The bottles containing PCMs used in the tests.

sion in Liquid Chemicals, was chosen to perform experiments
because its objective is very similar to the one of this work.

Materials

Plastics typically used in the industry were chosen: high
density polyethylene (HDPE), low density polyethylene
(LDPE), polyethylene terephthalate (PET), and polypropylene
(PP). Their properties are detailed in Table 1.

In the experiments, plastic bottles were used to contain the
tested PCMs. The thickness of the bottles was 0.3 mm when
HDPE, LDPE, and PP were used, and 0.1 mm when PET was
used.

In this work, five common PCMs, four organics and one salt
hydrate, with similar melting points were tested. The organic
PCMs were: a molecular alloy of C,4-C,5 developed by the
authors,>!'% RT20, RT26, and RT25. The inorganic PCM was
TH24. Their properties are shown in Table 2.

Methodology

As far as possible, the standard ISO 175:1999 was used to
perform the experiments.

The PCM was melted and stirred in order to have a homo-
geneous sample. Then, a 30 mL volume sample was introduced
into each different plastic bottle. A furnace was used to cycle
the bottles thermally so that melting and solidification pro-
cesses could take place. Figure 1 shows the bottles containing
PCMs used in the tests. The experiment consists of repeated
melting and solidification cycles during the length of the test.

The liquid phase will be the most unfavorable state because

2,50%
@ -~ PET
1,50% / --HDPE
g : = -- LDPE
<’ LA ~PP
-0,50% T 4 T
0 100 200 300

time (days)
Figure 2. A Mass (%) evolution of molecular alloy.
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Figure 3. A Mass (%) evolution of RT26.

in this state the migration processes are favored. This was why
repeated melting and solidification cycles were performed. The
furnace was switched on with low power during the melting
process until the temperature rose to 35°C. This temperature
was kept during about 1 hour. For the solidification process, it
was enough to switch off the furnace and open the door to let
the bottles reach room temperature.

The bottles were visually inspected periodically in order to
see plastic deformations or other physical state change phe-
nomena.

A gravimetric analysis of the bottles containing PCM prior
to and following the compatibility test provides mass variation.
A Mettler-Toledo 0.01 mg (<31 g) /0.1 mg (>31 g) precision
balance was used in this gravimetric analysis. Mass loss is
calculated with:

Am = m(t,) — m(t)

Am(%) = m(ty) — m(1)
m(to)

where m(ty) is total mass (bottle and PCM) prior to the com-
patibility test, and m(t) total mass at the moment the test is
made.

The measurements were made when the bottles were at room
temperature in order to diminish deviation due to variations of
temperature. Once the bottles were at room temperature, an
adsorbent paper was used to remove the PCM outside the
bottles and the dust particles deposited in the walls. Then the
total mass of each bottle with each PCM was measured with the
precision balance.

Results

Test duration was about ten months, giving at least 150
thermal cycles. The results are presented in Figures 2 to 7.

2,00%
'3
$1.50% N oET
£1,00% --HDPE
; ~LDPE

g
<0,50% < + PP
0,00% -

0 100 200 300
time (days)

Figure 4. A Mass (%) evolution of RT25.

806 February 2006 Vol. 52, No. 2

S2:60% Yo pET
=1,90% |-~ HDPE

w2

3 1,20% z *1—LDPE

Eosow |/ = |-w
0,200 EE—

0 100 200 300
time (days)

Figure 5. A Mass (%) evolution of RT20.

At the beginning of the test, the measurements were made
almost weekly. Later, a long period of time without measuring
was left. The measurements made after this period showed that
the mass variations continued with the tendency shown at the
beginning.

Taking into account uncertainty propagation for gravimetric
measurements and expressing mass variations as mass rate, the
different plastics behavior for each PCM could be compared
(Table 3).

Discussion

Attending to mass measurements, a lower mass variation
means a better encapsulate material. Therefore, a suitable plas-
tic encapsulate material for each PCM could be chosen. These
results are shown in Table 4.

It should be highlighted that PET wall thickness was one-
third of the rest of the plastics.

With organic PCMs, LDPE bottles show big deformations.
As shown in Figure 8, these deformations could be appreciated
after a few days.

The tests demonstrate, as expected, that LDPE is not a
suitable encapsulate material for any PCM. Also, the best

0,00% g
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5-0.40% N \ ~LDPE
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-0,80% : : .
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Figure 6. A mass (%) evolution of TH24.
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Figure 7. Mass variation (%) of all PCMs tested after ten
months.
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Table 3. Results of Mass Variation After the Duration of Experiments

LDPE HDPE PET PP
Molecular
alloy 2.2593% =+ 0.0003% 1.04569% = 0.00005% —0.00926% = —0.00005% 0.91137% = 0.00005%
RT26 1.32191% = 0.00005% 0.33552% = 0.00005% —0.0641% *= —0.0005% 0.30952% = 0.00005%
RT25 1.78076% = 0.00005% 0.58008% = 0.00005% 0.3069% = 0.0004% 0.55466% = 0.00005%
RT20 2.6688% = 0.0003% 1.56741% = 0.00005% 0.01327% = 0.00005% 1.29649% =+ 0.00005%
TH24 —0.7320% *= —0.0003% —0.2034% + —0.0003% —0.6690% = —0.0003% —0.5808% + —0.0003%

encapsulate material should be chosen for each PCM sepa-
rately.

The mass increase found in some samples was surprising
because when the tests were designed, only migration effects
were expected. Moisture sorption is proposed as an explanation
for this mass increase. The high water permeability of PET
compared to the other plastic materials tested (Table 1) and the
fact that the inorganic PCM mass increased with all materials
corroborate this proposal. The water sorption of PCM and
migration in plastics are described by Lane.® For inorganic
PCMs it is even more predictable because they are hydrated
salts. There is no migration of inorganic PCMs in plastics. The
inorganic PCM tested only shows increase of mass. This fact
agrees with the prediction if only water sorption is considered.
In any case, for applications of PCM, water sorption is not the
most important problem, whereas migration of PCM in plastic
causes efficiency losses and security problems. The decrease of
mass proves the PCM migration in plastics.

Mass variations, due to migration effects and water sorption,
in ten months are non-negligible and demonstrate that plastic
and PCM interaction exists. PET bottles containing organic
PCMs had lower mass variations; but analyzing mass evolu-
tion, it could be seen that the initial mass losses are greater than
the following, so it is likely that the water sorption compen-
sates the PCM migration (Figures 2 to 6). A thermal energy
system lifetime could be about 20 years,” so during this time
the maintenance of properties cannot be guaranteed if these
pairs were used.

The demonstrated interaction between plastics and PCMs is
important because of:

Table 4. Suitable and Not Suitable Pairs of PCM
and Plastic Material

Best Plastic Encapsulate Not Recommended Plastic

Material Encapsulate Material
Molecular alloy PET LDPE
RT26 PET LDPE
RT25 PET LDPE
RT20 PET LDPE
TH24 HDPE LDPE
RT 20 RT25 Mollecular

i Alloy

=™ .

e |

-

Figure 8. Deformations in LDPE bottles.
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e Health security: it depends on applications, but paraffins
in air or water could injure people.

e Performance security: PCM could alter plastics, losing
their resistance properties.

e System efficiency: PCM losses decrease energy storage
density.

Conclusions

A compatibility test between four organic PCM (molecular
alloy C16-C18, RT20, RT26, RT25) and one inorganic PCM
(TH24) and four plastics (LDPE, HDPE, PET, and PP) has
been made. Visual inspection and gravimetric analysis were
made during ten months, the duration of the experiments. Two
effects have been detected, organic PCM migration in plastics
and moisture sorption.

LDPE bottles had the highest mass variation and big defor-
mations. Therefore, LDPE was discarded as encapsulate mate-
rial.

Attending to the results of the tests, when a molecular alloy
is used as PCM 1in plastic encapsulate as thermal energy stor-
age, or in any other application used as molten paraffin, the best
encapsulate material is PET.

When RT20, RT25, and RT26 are used, the recommended
plastic encapsulate material is also PET. If moisture sorption is
taken into account, PP could also be recommended.

When TH24 is used as molten salt and water sorption is not
desired, PEHD should be chosen. PP, PET, and PELD showed
big mass increase. Therefore, they are not recommended as
encapsulate material when moisture sorption can entail prob-
lems.

The plastics used in this article are elementary composition
PP, PET, HDPE, and LDPE, but after these tests some plastic
additives could be studied to improve the compatibility behav-
ior.
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