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Abstract

Polymer additives bindesystem provide many properties useful ithermal energy storage (TES) then develc
the efficient energy storage materiahc green strength bodies system.

This paper studies the thernslergy stora¢ property for polyvinyl alcohol (PVOH) paraffin wa: (WPw) blends.
To enhance paraffin wax thermal conductivity, PVOHaamaterial which high conductivity was employA fixed
weight of Paraffin wax was dispersed with PVOH heterogenguoat different additiveweights ratios of PVOH/Pw
(50/50, 67/33, 75/25, and 80/2@}. ratic respectively. The composite material wagpared usinwetted pressing
method.

Both basematerials (polyvinyl alcohol and paraffin wi were scanned usindifferential scanning calorimet
(DSC) under non-isothermalonditions, th result was analysed to determine the thermal tian temperature of
PVOH and paraffin wax base matel The thermal decomposition of PVOH and wastraffin wa: proved that high
transition temperature (TG) fd?VOH reached 29°c rather than wax of 6@ respectivel. This result shows that
PVOH suppress the thermal stability PVOH/waste paraffin wax compositesftédrward examines the thermal
conductivity enhancement using Lalisk techniques. Compositmaterials PVOH/paraff wax have a high thermal
conductivity which increasethermal conductivity ¢ wasteparaffin wax as a heat storage miand his allows to
apply change in phase with wide range of tempege, and the highest decreased ratio of p-change heat is very
low, compared to that of paraffionly. Therefore, PVOH, added to paraffin whitlas significant potential fc
enhancing the thermal storage characteristics rafffia

A wax/PVOH system acts adrength bod resistance to sever contact of baih and moisture then moisture
absorbance percent was achiebgduse bot Fourier transform infrared spectroscof¥f (R) techniques and moisture
solutions (100% kD) for all pure and composite material systew/PVOH, the results shows high resistanc
ambient conditions (air/ moisturér composite system rather than pmaterials (PVOH andw).

Keyword: PVOH/ Pw system, thermal energy storage (TES) property, thermal behaviour, green strength bodies.

1. Introduction energy storage materials require a large stc
space, cause reduces usefulness of thermal
Thermal energy storage (TE®)aterials that storage property [4,5] therefore, a wide
app“ed in solar power havsecomean important investigation occurredn thermal energy stora
fields of research in recent yeamccording tc materials thafocuses on pha-change materials
their impact of day and night on solar therr (PCMs), and onlyseveral resultare applied in
energy storage, therefore, a recgewelopment o these systems [60]. PCMs have low therm
professionaknergy storage materials will direc conductivity, that prevent any problems of rapid
influence the utilization in sat storag systems load changes in the charging and darging

[1-3]. In other hand if asingle phase therm processes [11], andbtain excellent therm:
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properties. Many studies have proposed various
techniques for enhancing the thermal conductivity
of PCMs, such as adding metallic or non metallic
particles with high thermal conductivity [12-15],
inserting fins [16-18], incorporating porous or
expanded materials [19-27], inserting fibrous
materials [28-31], and incorporating macro-,
micro-[32]. These methods are mentioned for
enhancing the thermal conductivity of PCM
involves adding high-conductivity materials to
improve the thermal conductivity of PCMs.

Thermal energy storage (TES) system is
considered to be a suitable technology to store
excess energy that would otherwise be wasted and
used it for another time [1]. The system consists
of material that capable to store thermal energy in
the form of heat or cold (as insulation system
applications). Based on its phase change, the
thermal energy storage can be classified as
sensible heat, latent heat and thermo-chemical
energy storage. Among these types of energy
storage, latent heat thermal energy storage
(LHTES) system is a more attractive technology
due to its higher density of energy storage
capabilities, compared with conventional sensible
heat thermal energy storage (SHTES) system, that
have smaller volume and less weight for a same
amount of energy stored. A lot of studies are
achieved by researcher in this fields usually use
salt hydrates, paraffin and organic compounds as
storage material [2].where less of materials having
low thermal conductivity and insufficient time for
melting and solidification process that reduces the
overall power of the heat storage device and
limiting the application of materials[3]. Studiek o
thermal energy storage materials have been
attracting more and more attention from all over
the word. And these materials can be categorized
into sensible heat storage materials, latent heat
storage materials and thermal chemical materials.
Latent heat thermal energy storage uses phase
change materials PCMs of much higher heat
storage density and extremely smaller temperature
variation during phase change process, compared
with sensible heat storage materials. If a
comparison are done between inorganic PCMs,
organic PCMs materials that have chemical
thermal and a proper phase change temperature
range, little or no super cooling, lower vapour
pressure, nontoxicity, noncorrosivity, and
excellent thermal stability. Therefore, PCM is one
of the most preferred forms of thermal energy
storage materials of wide applications in thisdiel
of solar energy storage. Fatty acids and paraffin
wax (PW) are good organic PCMs [18-20] due to
their desirable characteristics such as high latent
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heat of fusion, negligible super cooling, low
vapour pressure in the melt, and stability.

The use of synthetic polymer materials has
caused significant environmental problems.
Polyvinyl alcohol (PVOH) it is well known as a
synthetic biodegradable polymer [8] and
possesses excellent mechanical properties [9] its
biodegradability in various microbial
environments has been reported, and PVOH is
one of the best options to be blended with other
material [10]. PVOH is a versatile polymer, and it
may be the only synthesised polymer with a
backbone that consists primarily of —OH bonds
that is absolutely biodegradable. PVOH is also an
interesting water-soluble synthetic polymer with a
broad range of applications. Due to the solubility
and biodegradability of PVOH, PVOH films are
increasingly used in packaging applications [13]
However, the biodegradability of PVOH depends
on its degree of hydrolysis and its molecular
weight. PVOH has the advantages of good film
formation, strong conglutination and high thermal
stability. In recent years, PVOH has been
increasingly applied in the material industry.
Mettawee, et al [21], conduct a study to examine a
method of increasing the thermal conductivity of
paraffin wax by adding aluminum powder. The
average particle diameter of aluminum powder
used was 80um. Tests performed by varying
mass fraction of aluminum powder which are 0.1,
0.3, 0.4, and 0.5 of the total mass of paraffin wax
aluminum for using in a solar collectors system.
Hamdani, et al [23] investigated characteristics of
melting heat transfer of latent heat thermal sterag
unit with finned tube. The experimental results
show that heat transfer characteristics presenting
similarity for heat exchanger tube. Polyvinyl
alcohol (PVOH) is a high potential technology
material with professional properties as strong,
durable and high crystallinity structure [1]. Wah
high melting point at 230°C compared to
polyethylene of temperature ranges 117-135°C
according to the high level of hydrogen bonding
in the crystals [2]. Polymer blends is a well-used
technique to modify their properties, as low in
cost [3]. A recent study done by Sreedar et al.,
2005 [29] reported that incorporation of PVOH
into starch had changed the thermo mechanical
properties of the material and thus modified the
polymer structure at both molecular and
morphological levels [6, 7].
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Theaim of thiswork isto

1. Design anddevelop efficient thermal energy
storage,green strength composit@aterials
system by using waste material to solve this
environmental problem.

2. Try different additives content dPVOH of
good formation, strong conglutination and
high thermal stability with paraffin wax.

3. Optimization the additives content on thermal
energy storage composite system
(PVOH/WPw) according to their thermal and
chemical properties.

4. Scanning their stability point by use DSC,
FTIR, and Lee- disk techniques.

5. Applied final optimum system in preparation
of solar cells (thermal storage energy
materials).

2. Experimental
2.1. Materials

1. Paraffin wax: waste material collected locally
from damping wastes of homes (domestic
wastes) high molecular weight hydrocarbon
compound of low melting point reached 60-
70°c.

2. Polyvinyl alcohol: high purity compound of
high hydroxyl active groups (DP 1799, average
molecular weight: 145,000; hydrolysis rate:
90%; pH: 4.5-7 and density of 1.3g/cm3).

3. Vaseline for ease holding of prepared
composite material.

4. Distilled water for chemical absorbance
laboratory tests.

2.2. Instruments

1. DSC (ifferential scanning calorimeter)

131EVO — SETARAM: in order to estimate
the change in phase for base material paraffin
and polyvinyl alcoho(TG).

2. FTIR (Fourier transform infrared
spectroscopy) 27- TENSOR/ Bruker : in order
to estimate the intersurface morphology of
polymers mean active group such as (CO-,
OH-, Cl-, etc) for both base materials paraffin
and polyvinyl alcohol.

3. Lee- disk technique: in order to estimate the
thermal conductivity for thermal energy
storage composite system (PVOH/ WPw).

4. Press instrument: for preparation of composite
system (PVOH/ WPw) before tests.
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2.3. Procedures
2.3.1. Preparation and scanning of base
material

Both base materials were analyzed by using
both DSC and FTIR techniques before preparing
composite material in order to evaluation thermal
stability and ambient resistance conditions where
fixed weight for both samples are introduced in
above scanning instruments. Non-isothermal
crystallization behaviours of PVOH, P using
131EVO — SETARAMDSC and the weight of
samples were approximately 7.5 mg. The sample
were placed in aluminum pans and initially heated
at the rate of 1€C/min from 2%C to 200C under
nitrogen atmosphere and held for 5 minutes to
remove previous thermal history. Afterward Non-
isothermal crystallization was investigated by
cooling these samples from 2@ to 2%C at
constant cooling rates of 40/min and it was
heated again under the same temperature as in the
first heating. All the thermograms shown refer to
the second heating TG transition temperature .The
absorbance (transmittance) inverse wave length
cm -1 in order to give absorbance values for
activity groups (CO-, OH-, Cl-, etc).

2.3.2. Preparation of Therma Energy
Storage Materials Composite System

A fixed amount of paraffin wax as (2 g) are
exposure to moisture ambient reached (50%) then
were mixing with different weight (2, 4,6,8) g of
high thermal stability and high active hydroxyl
group polyvinyl alcohol (PVOH) by use
mechanical mixer for 30 min then heating
composite material at 86 for 15 min afterward
putting them in a suitable oily moulds , finally
pressing them strongly at 10 ton loading , then
output the final efficient energy thermal storage
samples , left them for 24 hrs before any tests and
an experimental design weight ratios shown in
Table (1),also Figure (1) shows abase materials
(PVOH, WPw) and composite system (PVOH/
WPw).
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Table 1,
Show the experimental design for thermal ener gy storage composite system
Base material WPw/ g 0 2 2 2 2 2
Base material PVOH/ g 2 2 4 6 8 0
Design composite system 100/0 50/50 67/33 75/25 80/20 0/100
PVOH/WPw wt. Ratio
Where: Wi, and Wd estimate the weight for

Fig. 1

show base material (PVOH, Pw) and
composite system (PVOH/Pw)
A: show base PVOH crystals. B: show base paraffin

wax (Pw). C: show thermal energy storage
composite system (PVOH/Pw)

2.4. M ethodology

Thermal and chemical properties were
achieved for thermal energy storage composite
system (PVOH/Pw) as thermal conductivity by
using Lee- disk instrument for prepared samples
of (1 cm thickness and 3cm dia.) dimensions. The
prepared composite system applied between two
copper disks then heating these disks afterward
reading the change in temperatures by applying
accumulated temperature load until failure of
specimen occurred from (increasing temperature).

Chemical properties: This type of test is
determined by immersion of both base and
prepared composite system in natural solutions
(100% H20) for 0, 24, 48, 72, and 96 hrs
respectively at 3 afterward recorded the
change in weight every 24 hrs in order to calculate
the moisture percent in each samples and
absorbance values to check which of samples is
more chemically stable than others (optimum
one).use the following relation below:

Moisture (%) = (Wi —Wd / Wi) x 100 L)1
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samples initially and after immersing in distilled
water in (Q).

3. Results and Discussion
3.1. Scanning of Base Material

The scanning of base materials (PVOH and
Pw) achieved as heat transfer characteristics of
storage in the form of transition temperature,
melting or freezing processes. From this result
using paraffin wax as a thermal storage material
shown in Figure (2). It can be seen from the
graph, at the beginning of heating, the
measurements at TG point show the temperature
increases rapidly until reach the melting
temperature paraffin wax and then starts to slow
down. It can be stated that at the beginning of
heating, hot paraffin wax absorbs sensible and
then followed by the absorption of latent heat
which takes place at a temperature nearly constant
,Paraffin wax is used as core material of latent
heat storage media[1-3].

PVOH (100/0) showed relatively large and
sharp endothermic peak at about ZD9this
related to its experimental melting point of PVOH
(100/0) sample while the theoretical melting value
of all hydrolyzed PVOH is 230°C. It could see
that the melting temperature observed from the
result was lower than theoretical one; this may be
affected by the plasticizer and other chemical
content in the sample [1-3] as shown in Figure (3).
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Fig. 2. shows a DSC scanning result for paraffin
wax base material.
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Fig. 3. shows a DSC scanning result for polyvinyl
alcohol base material.

3.2. Preparation and Characterization of
Thermal Energy Storage Materials
Composite System

The thermal conductivity is an importe
property of phase change materials (PCMs) di
the rate of energy storage. PCMs are usec
thermal energy storage in environments with v
rang in temperature variation. Tefore, the
thermal conductivity of these materials in b
solid and liquid states at temperature range
experimental results are shown in Figure (
where the additives of PVOH to paraffin
improved their thermal conduction performa
of the paaffin wax, and the additive weight ra
80/20 PVOH/Pw to the paraffin is the b
selection one. Then the thermal conducti
performance of the paraffin wax was mai
enhanced due to the higher thermal conduct
of additives compared with pure PVt The
PVOH material have higher water uptake t
Pw, and this water are increased with increa
immersion time and PVOH ratio. Then |
hydroxyl group (4.5-7%), which is responsib
about the absorption water in the preps
composites. Therefore, adghier content weig
ratio led to higher water being absorbed, at
days of immersion. Figure (5) shows a re
moisture uptake, afterward become stra
constant relation the optimum samples that
high absorbance to moisture percent were 8
PVOH/Pw respectively.
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Fig. 4. show the thermal conductivity values for all
base PVOH, Pw, and composite system PVOH/Pw.
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Fig. 5. Show the absorbance for moisture percent
for all base PVOH, Pw and composite system
PVOH/Pw at different weight ratio of PVOH and
immersion time.

3.3. FTIR Instrument

The FTIR spectra of PVOH (Figure 6) shov
two peaks at 2955 cmand 2847 ci according
to NH stretching, where the C=0 stretching
1019 cm1, and NH bending between 1462 ™
and 1377 cit respectively. Alsc-NH outside the
wagging plane has 572 ™, and C-H stretching
is 2955 crit and 2842 cr'recpectivly. In other
hand the FTIR for PVA material has been sho
a broad peak around 34257 incstrume which
indicating the stretching of droxyl groups but,
peaks 2955 cimy 2842 cr! referred to stretch C-
H group. Then peaks appeared at 1017 and
1377 cm® indicated the -O stretch as secondary
alcohol groups and ester. Finally the appear
for peak at 2947 crhincstrume proved thethe
appearance of hydrocarbon chromophore in
esterified product [33].

According to the FTIR results of paraffin w
(Pw) in Figure 7, it could see that the specii
peaks of the paraffin and polyaniline could
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noticed after 200, 400, 600, 800 and 1,000 cycles.

Also the peaks around 29602850 tiand 1465

cm® show carbon hydrogen stretching and
bending absorption, respectively. The C-H
bending group is absorbed as CH3 group at 1381
cm* and CH2 rocking is absorbed at 729 tm
respectively in order confirm the linear saturated
aliphatic  structure of the paraffin wax
[34].Consequently, these results indicated that the
reaction between PVOH materials and the

ambient is not significant.
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Fig. 6. the FTIR gspectra of polyvinyl alcohol
(PVOH) base material.
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Fig.7. the FTIR spectra of paraffin wax (WPw) base
material.

4. Conclusions

1. The addition of high thermal conductivity
(PVOH) material could able to increase thermal
conductivity of paraffin wax as a heat storage
media, and reduce the heat latent of energy
storage material this allows the application of
phase-change heat to respond to rapid heat load
changes and a wider temperature range for
paraffin material. Since, it causes predominantly

conduction heat transfer process during melting
and freezing processes in heat exchanger and
remains stable operations.

2. Crystalline structures are thermally degraded a
higher temperature compared to the amorphous
structure so it has higher thermal stability than
amorphous structure.

3. Thermal stability and chemical activity for
thermal energy storage composite system (PVOH/
P) results show that composites system suppresses
the thermal stability of PVOH.

4. Paraffin wax is used as core material of latent
heat storage media, then enhancing the heat
conduction and thermal storage performance and
this property has great potential for future
applications.
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