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Abstract

In this study, a novel type of polymeric solid-solid phase change materials (SSPCMs) and
Maleic anhydride (MA) modified poly (ethylene glycol) PEG. MAM-PEG polymers were
synthesized from different moleculer weight PEG (Mw: 4000, 6000) .On the other hand two
different catalyst system was used; para toluene sulfonic acid (PTSA) and 1,8-Diazabicyclo
[5.4.0] undec-7-ene (DBU).The PEG bound to the backbone of the polymers formed crystalline
regions responsible from latent heat storage with reversible crystalline to amorphous phase
transition as linked unit prevented total melting of the structure. Also MAM-PEG polyester
polymers acid and hydroxyl values were determined for number of average molecular weight
(Mn) and calculated as 36232 and 49020. Characterization and thermal properties of SSPCMs
were performed by using fourier transform infrared (FT-IR) spectroscopy and differential
scanning calorimetry (DSC) techniques mainly. DSC results showed that solid-solid transitions
36-54 °C temperature range and 163-153 Jg'! enthalpy. As a result, MAM-PEG polymers were
found potential for thermal energy storage (TES) applications.
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1. INTRODUCTION

There are some important environmental
problems that global warming, climate change
and environmental pollution are emerging as a
result of using coal, oil and natural gas, as an
energy source of fossil fuels. Recently, the
number of studies on cleaner and environmentally
friendly renewable energy resources has
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increased significantly as a solution to these
problems. Presence of different monomers in a
polymer molecule can lead to production
materials of commercial importance. One of the
thermal energy storage methods is the latent heat
storage method. Phase change materials (PCMs)
are capable of storing and releasing latent heat
energy reversibly during phase change. The latent
heat is the amount of heat which changes the
physical structure of the material (solid, liquid and
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gaseous) [1], [2]. Solid-solid phase changes are
preferred mostly small volume according to solid-
liquid PCMs. PCMs and their eutectic mixtures
have different uses in textiles, electronics,
biomedical and biology and so on [3],[4],[5].

PEGs are non-toxic materials that have excellent
thermal storage properties and they can maintain
chemical stability during long-term use [6] and
they have high fission energy [7] and MA is used
in some applications such as artificial sweeteners,
food enhancers, paper processing, water treatment
chemicals.

SSPCMs can store highly latent heat at the time
of conversion from crystal phase to amorphous
phase. SSPCMs don’t produce toxic substances,
pollute the environment and don’t need a different
energy source as they perform latent heat storage
through phase transition. Therefore, it was an
environmentally friendly application [8] and so
on SSPCM investigations with high TES
characteristics include several PEG-based
polymeric SSPCMs such as polyurethane-graft-
PEG [9], cellulose diacetate-graft-PEG [10],
polypropylene-graft-PEG [11], cellulose-graft-
PEG [12], [13], poly(vinyl alcohol)-graft-PEG
[14] and Poly(styrene-co-maleic anhydride)-
graft-PEG [15] as SSPCMs have been prepared or
modified by various methods [16], MAM-PEG
was synthesized new SSPCM. MAM-PEG stores
latent heat through the change from the crystalline
to the amorphous phase of PEG bound. MA
modified to PEG by ring opening reaction. MAM-
PEG polyester polymers were synthesized by
PTSA catalyst system and DBU and latent heat
energy storage capacities compared PEG 4000
and PEG 6000. Fisher esterification method
applied to synthesis. In this study, acid and
hydroxyl values of polyester polymers were
determined and the number of average molecular
weight (Mn) was calculated. The effect of
catalysts and molecular weight change in PEG on
latent heat storage capacity was determined using
DSC technique. As a result MAM-PEG polymer
can be used as energy storage material for food
packaging industry and especially for foods that
need to be transported or stored in heat food as
catering and process of factory fermentation units
or incubation rooms.
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2. MATERIAL AND METHODS
2.1. Materials

Maleic anhydride (MA), poly (ethylene glycol)
PEG (Mw: 4000, 6000), p-toluenesulfonic acid
(PTSA) and 1,8-Diazabicyclo [5.4.0] undec-7-ene
(DBU) catalysts were purchased from Aldrich
Company.  Toluene  solution, Potassium
hydroxide (KOH), Phenolphthalein and Ethanol
were purchased from Merck Company. All were
used without further purifications.

2.2. Methods
2.2.1. Synthesis of MAM-PEG Polymers

MAM-PEG polymers have been synthesized by
ring opening reaction of MA to connect PEG units
each other as shown in Figure 1. The reaction was
established in a nitrogen atmosphere containing a
500 ml dispenser apparatus system with reflux
condenser and mechanical stirrer. First in reaction
MA and PEG calculated 20:19 molar ratio and
added at 300 ml toluene solution. Reaction system
was catalyzed with 2-3 drops PTSA 160 °C
temperature in 2 hours and 800 rpm. Furthermore,
the same procedure was performed with DBU
catalyst system at a 20:19 molar ratio.
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Figure 1 Synthesis of MAM-PEG Polymers Using (a)
DBU catalyst and (b) PTSA catalyst
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2.2.2. Number Average Molecular Weight
(Mn) of MAM-PEG polymers

The acid and hydroxyl values were determined by
standard methods described elsewhere and from
these values the molecular weight of polyesters
was estimated [17]. The acid value of the carboxyl-
terminated ester was calculated by titration of
product with ethanolic potassium hydroxide (KOH)
solution. As known typical method, 1.3 g of sample
was taken in a flask and 5 ml of water and 25 ml
ethanol were added to flask. The mixture was stirred
for 10—15 min until dissolved all of them. 2—3 drops
of phenolphthalein indicator were added, followed
by titration with 0.1 N ethanolic KOH. The turning
point was determined as a change from colorless to
pink and acid value was estimated [ 18]. MAM-PEG
4000 and MAM-PEG 6000 were number average
molecular weight 36232 and 49020 as depicted in
Table 1.

The number-average molecular weight (Mn) of
polymers was calculated the following formula

(D[19].

Mn =1 / (Acid value + Hydroxyl value) / (2 x
56.1 x 1000) (1)

Tablel
M, Analysis of MAM-PEG polymers

Compound Acid value OHvalue M,
MAM-PEG 4000 1.6 1.5 36232
MAM-PEG 6000 1.2 1.1 49020

2.3. Characterization

FT-IR spectra of SSPCMs were recorded with
FT-IR spectrophotometer (JASCO 430 model) in
4000-400 cm™ wavelength range and on KBr
disks. Thermal energy storage characteristics
were determined by using a Perkin Elmer Jade
model DSC instrument in the range of -15 °C - 90
°C and at a heating-cooling ramp of 10 °C min™.
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3. RESULTS AND DISCUSSION

3.1. FT-IR Spectroscopy Analysis of MAM-
PEG Polymers

Ester and carboxylic acid groups of MAM-PEG
4000 polymer produced tensile vibration at 1710
cm™! at FTIR spectra. It can be considered that
decrease in O-H functional group with change in
peak at approximately 3500 cm’'. MA has
characteristic peaks of 2923 and 2850 cm™!, 1463
cm™, 1066 cm™, and 722 cm™. MAM-PEG 4000
polymer reduces O-H tensile vibration of MA in
range of about 2500-3000 cm™ and decrease in
characteristic peaks of 1066 cm’l. MA
copolymerization FT-IR spectrums shown in

Figure 2.
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Figure 2 FT-IR spectra of PEG 4000 and MAM-PEG
4000 polymer (produced using DBU catalyst)

3.2. Thermal Reliability of MAM-PEG
Polymers

When the DSC curve of MAM-PEG 4000
polymer produced using PTSA catalyst was
examined, melting and solidification temperature
difference was measured as 18.6 °C and melting
and solidification enthalpy difference as 7.6 Jg'!
and overcooling observed at 33.4 °C (Figure 3),
DSC curve of DBU catalyst, melting and
solidification temperature difference was 14.8 °C
and enthalpy difference of melting and
solidification was 10.2 Jg! (Figure 4). It was close
to the phase change temperature of PEG 4000
with a melting point of 55.6 °C. MAM-PEG 6000
polymer produced using PTSA as a catalyst,
melting and solidification temperature difference
was 13 °C and the enthalpy difference of melting
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and solidification was 16 Jg'! with the effect of the
catalyst, energy storage capacity increased and
the melting point decreased and overcooling
observed at 33.6 °C (Figure 5). DSC curve of
DBU as a catalyst was examined melting and
solidification temperature difference was 13.6 °C
and the enthalpy difference of melting and
solidification was 0.4 Jg' (Figure 6). DSC
analysis results of SSPCMs was showed in Figure
3,4, 5, 6 and Table 2 respectively.

A peak:39.1C

['| Enthalpy-156.1J/g
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Figure 3 DSC curve of MAM-PEG 4000 polymer
produced using PTSA catalyst
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Figure 4 DSC curve of MAM-PEG 4000 polymer
produced using DBU catalyst
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Figure 5 DSC curve of MAM-PEG 6000 polymer
produced using PTSA as a catalyst
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Figure 6 DSC curve of MAM-PEG 6000 polymer
produced using DBU as a catalyst

Table 2
The latent heat thermal energy storage specifications
of pure PEGs and SSPCMs
Heating . .
period Cooling period

TS—S A HS—S TS—S A HS—S

O [dgh (O dg
PEG 4000 40.5 171.5 53.9 1742  [15]
MAM-PEG

4000 54 1537 392 1435
(DBU)
MAM-PEG
4000 58.7 1637 436  156.1
(PTSA)

PEG 6000 423 190 59.9 1963  [15]
MAM-PEG

6000 586 1739 418 1744
(DBU)
MAM-PEG
6000 576 1838 446 1676
(PTSA)

Ts-s: Solid-solid heating and cooling temperature

4. CONCLUSIONS

MAM-PEG polymers were synthesized as
thermally protecting food packaging materials.
MAM-PEG polymers gained latent heat storage
feature from the crystalline phase to semi
crystalline phase. MAM-PEG 4000 polymer
reduced tensile vibration at 3453 cm' —-O-H
absorption peaks and 2867 cm! for —C-H
stretching, decreased in the characteristic peak
1066 cm! of MA by modification. Ester and
carboxylic acid group of MAM-PEG produced
tensile vibration at 1710 c¢m™. DSC curve of
MAM-PEG 4000 polymer was examined, melting
and solidification temperature difference was
measured as 18 °C and melting and solidification
enthalpy difference was measured as 8 Jg'!
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(Figure 3), DSC curve of the MAM-PEG 4000
polymer synthesized using DBU as a catalyst,
melting and solidification temperature difference
was 14.8 °C and enthalpy difference of melting
and solidification was 10.2 Jg'! (Figure 4) and it
was close to the phase change temperature of PEG
4000 with a melting point of 55.6 °C. Melting and
solidification temperature difference 13 °C and
enthalpy difference 16 Jg™! with effect of catalyst
so that energy storage capacity increased and
melting point decreased. DSC measurements
shows that PEG chains attached to main chain so
copolymers have phase transition temperatures of
40-58 °C and high latent heat storage capacity in
the range of 153-183 Jg'!. The synthesized MAM-
PEG polymer usable TES material for food
packaging and storage industry (ready food
industry, fast food etc.).
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