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Abstract

Introduction: The lack of an appropriate dispersibility of Graphene
Nanoplatelets (GNP) in different hydrophilic and hydrophobic media and
their poor interaction to form bundles is one of the most important problems
of this material. To solve above-mentioned problem, covalent
functionalization of GNP is of effective approaches

Methods: in the present study, in order to perform covalent functionalization
of GNP as well as increase the dispersibility in aqueous media, firstly it is
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R created carboxylated with oxidation method on the GNP (Gr). Then, polyvinyl
e alchol (PVA) with the long chain can be a good candidate to functionalize on
:;__:ﬁﬁ the surface of Gr for decorating divalent cations as a linkage and/or bridge
[ i T and to solve the problem of lack of dispersibility. Also, it can provide good

colloidal stability in aqueous media. So, after performing a reaction between
PVA and Gr structure, structure and morphology of functionalized PVA-Gr to
covalently were investigated by Raman spectroscopy and transmission
electron microscopy (TEM), respectively. After that, covalently-functionalized
nanofluids (PVA-Gr/water), with different weight concentrations of 0.025%,
0.05% and 0.1% were prepared.

Findings: The stability and thermophysical properties such as thermal
conductivity, viscosity and density of the above nanofluids have been studied.
Then, the convective heat transfer coefficient, pressure drop, performance
index and pumping power of the prepared nanofluids for different weight
concentrations under turbulent flow regime (0.03-0.12 lit/s) were studied
Conclusion: The results show that as the flow rate and weight concentration
of PVA-Gr in nanofluids increase, the convective heat transfer coefficient
enhances, which PVA-Gr/water nanofluids illustrate the maximum
enhancement in the heat transfer coefficient for all weight concentrations in
comparison with pure water.
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Introduction

Optimization of energy is a critical issue in
various fields such as petrochemical
industrials, gas and oil sectors,
infrastructure, defence and so on. During
the last century,different types of heating
and cooling equipment with different
designs have been utilized to fully realize
energyoptimization. There are a couple of
ways to improve the heat transfer rate
(thermal efficiency) of different thermal
equipment such as using phase change
materials with low thermal conductivity
(PCMs) or loading conductive nano/micro
structures into the operating fluids.
Obviously, enhancement of convection heat
transfer rate, which is in direct connection
with thermal conductivity, is always
classified in the most imperative factors for
saving energy, in particular for most of
liquidbased thermal devices which use
different type of poor conductive base fluids
like different types of oils, ethylene glycol,
and water. The majority of conventional
base fluids are suffered due to the poor
thermal conductivity . So, adding conductive
micro or nanoparticles e.g., different types
of metals or metal oxides, and various
carbon allotropes e.g., carbon nanotubes
(CNT), graphene,fullerene into the base
fluids was demonstrated as a proper
solution for improving conventional heat
transfer of base fluids.

The first and most important problem with
graphene sheets (Gr) is their tendency to
aggregate in different solvents, which
resulted in a significant decrease in the
thermal application. In the dispersion study,
being homogenous and stability of additives
play key roles in the thermal performance
of the synthesized nanofluids in different
heat transfer-based equipment. To solve the
poor dispersibility of Gr in aqueous media
as well as polar solvents, non-covalent and
covalent functionalization procedures are
two main appropriate  techniques.
Nevertheless, non-covalent groups such as
surfactants and/or polymers make some
problems in circulation systems such as
mass production of foam, contamination of
the heat transfer area, reduction in the
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effective area and increasing the viscosity .
So, covalent modification as another
solution can be a good alternative method
to solve all the above-mentioned problems.

Materials and methods

To produce PVA-GO, graphite was first
oxidized to GO according to the famous
Hummers method .Then, a direct
esterification proposed by Teng et al. was
used for attachment of PVA on carboxylic
groups-decorated on the GO sheets. To this
end, parent graphite (3.0 g), H2SO4 (70 mL,
98% purity) were mixed on stirring in the
presence Synthesis of highly stable
nanofluids including polyvinyl

alcohol-treated graphene oxide of an ice

bath, followed by adding KMn0O4 (9.0 g) at
temperature of less than 20°C. With
transferring obtained mixture into a 40 °C
oil-bath and stirring for 30 min, we gave
enough reaction time and condition for
oxidation. Formerly,pure water (150 mL)
was poured into the resulting suspension
and was subsequently mixed on a stirrer for
15 min at temperature of 95 °C. With adding
water (500 mL) and 15 mL of H20: (30%),
we observed a change in the color of
solution from dark brown to yellow. The
expanded graphite oxide sheets were
obtained by centrifuging at 20,000 rpm,
washing with diluted HCl and pure water,
dried into a vacuum oven. To reach GO
sheets, expanded graphite oxide sheets
were poured into water (1800 mL) again,
followed by sonication for about 60 min. To
make GO more hydrophilic, we used PVA to
functionalize the obtained GO sheets. Thus,
the dried GO were ball-milled with ZrCls at
400 rpm and the resulting powder were
poured into a beaker including 200 mL of
Tetrahydrofuran. After sonication of the
mixture for 6 h, toluene (5 mL) was added.
Esterification reaction finished after 6 h and
PVA-GO as the main product were obtained
after centrifuging, washing, and drying in an
oven.

Findings and Discussion

in the present study, in order to perform
covalent functionalization of GNP as well as
increase the dispersibility in aqueous
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media, firstly it is created carboxylated with
oxidation method on the GNP (Gr). Then,
polyvinyl alchol (PVA) with the long chain
can be a good candidate to functionalize on
the surface of Gr for decorating divalent
cations as a linkage and/or bridge and to
solve the problem of lack of dispersibility.
Also, it can provide good colloidal stability
in aqueous media. So, after performing a
reaction between PVA and Gr structure,
structure and morphology of functionalized
PVA-Gr to covalently were investigated by
Raman spectroscopy and transmission
electron microscopy (TEM), respectively.
After that, covalently-functionalized
nanofluids (PVA-Gr/water), with different
weight concentrations of 0.025%, 0.05%
and 0.1% were prepared. Then, the
convective  heat coefficient,
pressure drop, performance index and
pumping power of the prepared nanofluids
for different weight concentrations under
turbulent flow regime (0.03-0.12 lit/s) were
studied.

transfer

Conclusion

In the present study, a simple and cost-
effective method was initially introduced
for mass production of polyvinyl alcohol-
functionalized few-layer graphene. The
exfoliation and functionalization procedure
were confirmed by elemental and
morphological analyses such as Raman
spectroscopy and TEM. Thermophysical
analyses, e.g, thermal -conductivity,
viscosity and density of water-based PVA-
Gr nanofluids, were experimentally
determined at the temperature range of
20-50 ©OoC. The results demonstrated
significant enhancement in thermal
conductivity of waterbased PVA-Gr
nanofluids with concentration as well as
temperature, which is the main criteria for
improving overall heat transfer coefficient
of thermal equipment. Noteworthy, the
rates of penalty for viscosity and density
after loading PVA-GR were insignificant as
compared to the pure water. The results
illustrated that the water/ PVA-GO nanofluids
increased the rate of heat transfer in heat
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exchangers significantly. After loading 0.1
mass% of PVA-GO in basefluid, h and Nu
number increased almost 142% and 80%,
respectively. It should be mentioned that
the variation in pressure drop was
insignificant. As an indicator, performance
index in the presence of all the prepared
samples were higher than 1, indicating
superior enhancement in the heat transfer
rate.
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