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More than half of the energy used in total comes in the form of heat energy. An essential environmental protection technique to
increase energy efficiency is learning how to employ thermal energy storage (TES) technology to fully use intermittent and unstable
heat, such as solar heat utilization and industrial waste heat. Sensible heat storage, latent heat storage, and thermochemical heat
storage are all types of thermal energy storage. This work describes the creation of ZrO2/SiC-H20 nanofluids and their characteristics
for use in energy storage applications. Results reveal that increasing the concentration of ZrO2/SiC NPs from 0.3 gm/L to 1.2 gm/L at
photon wavelength (=380nm) increased absorbance by roughly 83.7% and reduced transmittance by 81.2%. Additionally, when
ZrO2/SiC NP concentrations rise, the absorbance rises as well, indicating improved nanofluid dispersion. Additionally, when the
concentration of ZrO2/SiC NPs reached 1.2gm/L, the electrical conductivity of ZrO2/SiC- H20 nanofluids improved by nearly 74%,
and the melting time reduced with an increase in the concentration of ZrO/SiC nanoparticles.
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1. Introduction

As heat transfer fluids, conventional fluids like water, motor oil, and ethylene glycol are often utilized. Other
conventional fluids include methanol. The poor heat transfer performance of these typical fluids impedes both the
performance increase and the compactness of heat exchangers, despite the fact that a variety of methods are used to
improve heat transfer. Increasing the rate of heat transmission may be accomplished by the use of a method that
involves the use of solid particles as an additive that is suspended within the base fluid. To enhance the heat transfer
properties of traditional fluids, the most important concept is to increase the thermal conductivity of the fluid. It is
anticipated that the thermal conductivity of a base fluid may be improved by suspending metallic solid tiny particles
inside the base fluid. This is due to the fact that the thermal conductivity of a solid metal is higher than that of a base
fluid. For a good number of years now [1-10], people have been aware of the fact that the suspension of solid
particles, such as those measuring millimeters or micrometers in size, may increase the thermal conductivity of
typical fluids. [Such particles] The thermophysical parameters of a nanofluid, including its density, viscosity, thermal
conductivity, and specific heat capacity, have a significant impact on the flow and heat transfer performance of the
nanofluid. Enhancing or degrading the thermophysical characteristics of a nanofluid is one method that is being used
in a number of different activities with the goal of improving the performance of nanofluids. For example, it is
generally known that the majority of metallic nanoparticles have a much better thermal conductivity compared to
traditional heat transfer fluids (HTFs) such as water and ethylene glycol. This finding has been backed up by
extensive research. Organic particles, such as those manufactured from rice husk or wood, on the other hand, have a
lower density and a lower heat conductivity than traditional HTFs. Therefore, the concept of attempting to improve
the thermal conductivity of nanofluids by adding metallic particles and reducing the viscosity of traditional HTFs by
adding organic particles is an innovative one [11-16].

Rocha et al. [17] studied water-based nanofluids of Al,O3; and ZrO, with relation to their potentially useful uses in
heat transfer. Dispersed solutions of mentioned nanofluids were created with three distinct concentrations (0.01% vol.,
0.05% vol., and 0.1% vol.) using commercial nanofluids. These concentrations were 0.01% vol., 0.05% vol., and 0.1%
vol. Experiments conducted by Shajahan et al. [18] evaluated the thermal hydraulic performance of ZrO,, a water-based
nanofluid with varying volume concentrations of 0.1%, 0.25%, and 0.5%, and staggered conical strip inserts with three
different twist ratios of 2.5, 3.5, and 4.5 in forward and backward flow patterns under a fully developed laminar flow
regime of 050 Iph through a horizontal test pipe section with a Using a mechanical dispersion approach to construct a
shape-stable composite phase change material for thermal energy storage, Song et al. [19] enhanced the specific heat
capacity and thermal conductivity of molten salt. This allowed for the material to have a higher thermal capacity.
Nitrate (NaNOs), which has a greater phase change latent heat, was selected to be coupled with a variety of
nanoparticles (SiO», SiO>+Ti0;) in order to enhance its specific heat capacity. Expanded graphite (EG) was used as a
carrier matrix in order to improve its thermal conductivity. In this research, we discuss the synthesis of ZrO,/SiC-H,O
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nanofluids as well as their characteristics for usage in applications involving energy storage. There are several studies
on SiC doped different materials to employ in various biomedical, electronics and sensors applications[20-27].

2. MATERIALS AND METHODS

Zirconium oxide nanoparticles (also known as ZrO, NPs) and silicon carbide nanoparticles (also known as SiC NPs)
were used in this study. Various concentrations of ZrO,/SiC NPs were used during the synthesis of the ZrO,/SiC-H,O
nanofluids. These concentrations include 0.3 gm/L, 0.6 gm/L, 0.9 gm/L, and 1.2 gm/L. The optical and electrical
properties of ZrO,/SiC-H,O nanofluids were investigated in this research. Using a double beam spectrophotometer
(Shimadzu, UV-18000A), the optical characteristics of ZrO,/SiC-H,O nanofluids were analyzed throughout a
wavelength range of (200-1000) nm. In the process of storing thermal energy, it is necessary to do an analysis of the
melting properties of ZrO,/SiC-H,O nanofluids while the system is being heated. The ZrO,/SiC-H,O nanofluids were
utilized as the heat transfer fluid. The temperature of the heat transfer fluid may be changed from 40°C to 100°C using a
stirrer, and a digital device was used to measure the temperature of the ZrO,/SiC-H,O nanofluids as they were being
heated.

3. RESULTS AND DISCUSSION
Figures 1 and 2 show, at varying concentrations of ZrO,/SiC NPs, the behavior of the absorbance and
transmittance spectra of ZrO,/SiC-H,O nanofluids with photon wavelength. According to the figures, increasing the
concentration of ZrO,/SiC NPs from 0.3 gm/L to 1.2 gm/L at photon wavelengths (380nm) resulted in an increase in
absorbance of about 83.7% and a decrease in transmittance of 81.2%. This behavior can be useful in solar collectors,
heating systems, and cooling systems. The absorbance, which indicates greater nanofluid dispersion, will increase as
ZrO,/SiC NP concentrations rise [28].
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Figure 1. Behavior of absorbance of ZrO2/SiC-H20 nanofluids  Figure 2. Behavior of transmittance of ZrO2/SiC-H20
with photon wavelength for various concentrations of nanofluids with photon wavelength for various concentrations
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The relationship between the concentration of ZrO,/SiC nanoparticles and the electrical conductivity (EC) of
Zr0,/SiC-H>0 nanofluids is shown in Figure 3. When the concentration of ZrO,/SiC NPs reached 1.2 gm/L, an increase
in electrical conductivity of ZrO,/SiC-H,O nanofluids occurred that was about 74% higher than before. The reason for
this is because the increased electrical conductivity of nanofluids is due, in large part, to the surface charges of
nanoparticles [29].
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The curves of melting for ZrO,/SiC-H,O nanofluids are shown in Figure 4. When there was a greater
concentration of ZrO,/SiC nanoparticles, the melting time was cut down significantly. Increases in thermal conductivity
lead to increases in heat transmission, which in turn lead to reductions in melting times for ZrO,/SiC-H,O nanofluids
that are used for energy storage [30-35]. The decrease in melting time reached 41.2% when the concentration of
ZrO,/SiC NPs rose from 0.3 gm/L to 1.2gm/L after 15 minutes. This is one of the reasons why ZrO,/SiC-H,O
nanofluids may be beneficial in a variety of heating and cooling industries.

4. CONCLUSIONS

This study focuses on the creation and use of ZrO,/SiC-H>O nanofluids for energy storage. The conclusions that
may be drawn from this are as follows:

1. With an increase in ZrO,/SiC NP concentrations from 0.3 gm/L to 1.2 gm/L at photon wavelength (=380nm),
the absorbance increased by about 83.7% and the transmittance decreased by 81.2%. 2. The increase in ZrO,/SiC NP
concentrations will increase the absorbance, which refers to the better nanofluid dispersion.

3. When the concentration of ZrO,/SiC NPs reached 1.2 gm/L, the electrical conductivity of ZrO,/SiC-H,O
nanofluids improved by nearly 74%.

4. As the concentration of ZrO,/SiC nanoparticles increased, the melting time reduced.

5. When the concentration of ZrO,/SiC NPs increases from 0.3 gm/L to 1.2 gm/L after 15 minutes, the decrease in
melting time reaches 41.2%.

Acknowledgment
This publication was supported by the Deanship of Al-Mustagbal University College, Babylon, Iraq.

ORCID IDs
Ahmed Hashim, https://orcid.org/0000-0002-0778-1159; ®Farhan Lafta Rashid, https://orcid.org/0000-0002-7609-6585
Noor Al-Huda Al-Aaraji, https://orcid.org/0000-0002-5117-2983

REFERENCES

[1] V. Sridhara, and L.N. Satapathy, “AlxOs-based nanofluids: a review”, Nanoscale Research Letters,6, 456 (2011).
https://doi.org/10.1186/1556-276X-6-456

[2] S.Lee, U.-S. Choi, S. Li, and J.A. Eastan, “Measuring thermal conductivity of fluids containing oxide nanoparticles”, ASME J.
Heat Transfer,121, 280 (1999). https://doi.org/10.1115/1.2825978

[31 A. Hashim, F.L. Rashid, Z. Al-Ramadan, and M.H. Abdul-Allah, “Characterization of (PVA-BaSO4. 5 H20) Composites”,
Diyala Journal for Pure Science, 8, Part 1-3, 296-302 (2012). https://www.iasj.net/iasj/pdf/a5577c17b8b8e701

[4] A.M. Hashim, F.L. Rashid, and [.K. Fayyadh, “Preparation of Nanofluid (A1203-water) for Energy Storage”, IOSR Journal of
Applied Chemistry, 5(3), 48-49 (2013). https://www.readcube.com/articles/10.9790%2F5736-0534849

[5] A.G. Hadi, F. Lafta, A. Hashim, H. Hakim, A.I.Q. Al-Zuheiry, S.R. Salman, and H. Ahmed, “Study the Effect of Barium
Sulphate on Optical Properties of Polyvinyl Alcohol (PVA)”, Universal Journal of Materials Science, 1(2), 52-55 (2013).
https://www.hrpub.org/download/201309/ujms.2013.010207.pdf

[6] Z.H. Obaid, F.L. Rashid, M.A. Habeeb, A. Hashim, and A. Hadi, “Synthesis of New Biomaterial Composite for Thermal
Energy Storage and Release”, Journal of Chemical and Pharmaceutical Sciences, 10(1), 1-4 (2017).
http://www.jchps.com/issues/Volume%2010_Issue%203/20171025_064723_1021016.pdf

[71 H.N. Obaid, M.A. Habeeb, F.L. Rashid, and A. Hashim, “Thermal energy storage by nanofluids”, Journal of Engineering and
Applied Sciences, 8(5), 143-145 (2014). http://docsdrive.com/pdfs/medwelljournals/jeasci/2013/143-145.pdf

[8] F.L. Rashid, A. Hadi, A.A. Abid, and A. Hashim, “Solar energy storage and release application of water-phase change material
(SnO2-TaC) and (SnO>-SiC) nanoparticles system”, International Journal of Advances in Applied Sciences, 8(2), 154-156
(2019). http://doi.org/10.11591/ijaas.v8.i2.pp154-156

[9] F.L. Rashid, and A. Hashim, “Recent Review on Nanofluid/ Nanocomposites for Solar Energy Storage”, International Journal
of Scientific Research and Engineering Development, 3(4),780-789 (2020). http://www.ijsred.com/volume3/issue4/IJSRED-
V314P9%4.pdf

[10] F.L. Rashid, and A. Hashim, “Development of Phase Change Materials/Nanoparticles for Thermal Energy Storage”,
International ~ Journal of  Scientific Research and  Engineering Development, 3(4), 790-799  (2020).
http://www.ijsred.com/volume3/issue4/[JSRED-V3I4P95.pdf

[11] J.L.T. Chen, A.N. Oumer, and A.A. Azizuddin, “A review on thermo-physical properties of bio, non-bio and hybrid nanofluids”,
Journal of Mechanical Engineering and Sciences, 13(4), 5875-5904 (2019). https://doi.org/10.15282/jmes.13.4.2019.12.04

[12] M. Ahmadi, H. Elmongy, T. Madrakian, and M. Abdel-Rehim, “Nanomaterials as sorbents for sample preparation in
bioanalysis: A review”, Analytica Chimica Acta, 958, 1-21 (2017). https://doi.org/10.1016/j.aca.2016.11.062

[13] S.Izadi, T. Armaghani, R. Ghasemiasl, A.J. Chamkha, and M. Molana, “A comprehensive review on mixed convection of nanofluids
in various shapes of enclosures”, Powder Technology, 343, 880-907 (2019). https://doi.org/10.1016/j.powtec.2018.11.006

[14] W.H. Azmi, SN.M. Zainon, K.A. Hamid, and R. Mamat, “A review on thermo-physical properties and heat transfer
applications of single and hybrid metal oxide nanofluids”, Journal of Mechanical Engineering and Sciences, 13, 5182-5211
(2019). https://doi.org/10.15282/jmes.13.2.2019.28.0425

[15] A.J. Chamkha, M. Molana, A. Rahnama, and F. Ghadami, “On the nanofluids applications in microchannels: A comprehensive
review”, Powder Technology, 332, 287322 (2018). https://doi.org/10.1016/j.powtec.2018.03.044

[16] M. Molana, “On the Nanofluids Application in the Automotive Radiator to Reach the Enhanced Thermal Performance: A
Review”, American Journal of Heat and Mass Transfer, 4, 168—187 (2017).



176
EEJP. 1 (2023) Ahmed Hashim, Farhan Lafta Rashid, et al.

[17] M.S. Rocha, E.L.L. Cabral, G. Sabundjian, H. Yoriyaz, A.C.S. Lima, A.B. Junior, A.C. Prado, et al, “Caracterization of Physical
Properties of Ai2O3 and ZrO> Nanofluids for Heat Transfer Applications”, in: International Nuclear Atlantic Conference - INAC
(S@o Paulo, Brazil, 2015). http://repositorio.ipen.br/bitstream/handle/123456789/25147/21137.pdf?sequence=1&isAllowed=y

[18] M.IL Shajahan, J.J. Michael, M. Arulprakasajothi, S. Suresh, E.A. Nasr, and H.M.A. Hussein, “Effect of Conical Strip Inserts
and ZrOz/DI-Water Nanofluid on Heat Transfer Augmentation: An Experimental Study”, Energies, 13, 4554 (2020).
https://doi.org/10.3390/en13174554

[19] W. Song, Y. Lu, Z. Fan, and Y. Wu, “Preparation and Thermophysical Properties of Sodium Nitrate/Nanoparticle/Expanded
Graphite Composite Heat Storage Material”, Frontiers in Energy Research, 10, (2022). https://doi.org/10.3389/fenrg.2022.878747

[20] H. Ahmed, A. Hashim, and H.M. Abduljalil, “Determination of Optical Parameters of Films Of PVA/TiO2/SiC and PVA/MgO/SiC
Nanocomposites for Optoelectronics and UV-Detectors, Ukr. J. Phys. 65(6), (2020). https://doi.org/10.15407/ujpe65.6.533

[21] A. Hashim, “Fabrication and characteristics of flexible, lightweight, and low-cost pressure sensors based on PVA/SiO./SiC
nanostructures”, J Mater Sci: Mater Electron 32, 2796-2804 (2021). https://doi.org/10.1007/s10854-020-05032-9.

[22] A. Hashim, H. Abduljalil, and H. Ahmed, “Analysis of Optical, Electronic and Spectroscopic properties of (Biopolymer-SiC)
Nanocomposites for Electronics Applications”, Egypt. J. Chem. 62, (2019). https://doi.org/10.21608/EJCHEM.2019.7154.1590

[23] H. Ahmed, and A. Hashim, “Structural, Optical and Electronic Properties of Silicon Carbide Doped PVA/NiO for Low-Cost
Electronics Applications”, Silicon, 13, 1509 (2020). https://doi.org/10.1007/s12633-020-00543-w

[24] H. Ahmed, and A. Hashim, Geometry Optimization, Optical and Electronic Characteristics of Novel PVA/PEO/SiC Structure
for Electronics Applications, Silicon, 13, 2639 (2020). https://doi.org/10.1007/s12633-020-00620-0

[25] N.A.H. Al-Aaraji, A. Hashim, A. Hadi, and H.M. Abduljalil, “Effect of Silicon Carbide Nanoparticles Addition on Structural
and Dielectric Characteristics of PVA/CuO Nanostructures for Electronics Devices”, Silicon, 14, 4699 (2022).
https://doi.org/10.1007/s12633-021-01265-3

[26] A. Hashim, H.M. Abduljalil, and H. Ahmed, “Fabrication and Characterization of (PVA-Ti02)1-x/SiCx Nanocomposites for
Biomedical Applications”, Egypt. J. Chem. 63(1), (2020). https://doi.org/10.21608/EJCHEM.2019.10712.1695

[27] H. Ahmed, A. Hashim, and H.M. Abduljalil, “Analysis of Structural, Electrical and Electronic Properties of (Polymer
Nanocomposites/ Silicon Carbide) for Antibacterial Application”, Egypt. J. Chem. 62(4), 1167-1176, (2019).
https://doi.org/10.21608/EJCHEM.2019.6241.1522

[28] A. Arifutzzaman, A.F. Ismail, I.I. Yaacob, M.Z. Alam, and A.A. Khan, “Stability investigation of water based exfoliated
grapheneNanofluids”, IOP Conf. Series: Materials Science and Engineering, 488, (2019), https://doi.org/10.1088/1757-
899X/488/1/012002

[29] M. Hadadian, E.K. Goharshadi, and A. Youssefi, “Electrical conductivity, thermal conductivity,and rheological properties of
graphene oxide-basednanofluids”, J.Nanopart. Res. 16, (2014). https://doi.org/10.1007/s11051-014-2788-1

[30] A.Hadi, F.L. Rashid, H.Q. Hussein, and A. Hashim, “Novel of water with (CeO2-WC) and (SiC-WC) nanoparticles systems for
energy storage and release applications”, IOP Conference Series: Materials Science and Engineering, 518(3), (2019).
https://doi.org/10.1088/1757-899X/518/3/032059

[31] F.L. Rashid, A. Hadi, N.H. Al-Garah, and A. Hashim, “Novel Phase Change Materials, MgO Nanoparticles, and Water Based
Nanofluids for Thermal Energy Storage and Biomedical Applications”, International Journal of Pharmaceutical and
Phytopharmacological Research, 8(1), (2018). https://eijppr.com/2KsaVdO

[32] N.H. Al-Garah, F.L. Rashid, A. Hadi, and A. Hashim, “Synthesis and Characterization of Novel (Organic—Inorganic)
Nanofluids for Antibacterial, Antifungal and Heat Transfer Applications”, Journal of Bionanoscience, 12, (2018).
https://doi.org/10.1166/jbns.2018.1538

[33] F.L. Rashid, S.M. Talib, A. Hadi, and A. Hashim, “Novel of thermal energy storage and release: water/(SnO2-TaC) and
water/(SnO>—SiC) nanofluids for environmental applications”, IOP Conf. Series: Materials Science and Engineering, 454,
012113 (2018). https://doi.org/10.1088/1757-899X/454/1/012113

[34] A.S. Shareef, F.L. Rashid, A. Hadi, and A. Hashim, “Water-Polyethylene Glycol/(SiC-WC) and (CeO2-WC)Nanofluids for
Saving Solar Energy”, International Journal of Scientific & Technology Research, 8(11), (2019) .https://www.ijstr.org/final-
print/nov2019/Water-polyethylene-Glycol-sic-wc-And-ceo2-wenanofluids-For-Saving-Solar-Energy-.pdf

[35] A. Hashim, and A. Hadi, “Synthesis and characterization of novel piezoelectric and energy storage nanocomposites:
biodegradable materials—magnesium oxide nanoparticles”, Ukrainian Journal of Physics, 62(12), 1050-1056 (2017).
https://doi.org/10.15407/ujpe62.12.1050

OTPUMAHHSA TA BJJACTHBOCTI HAHOPIJIMH ZrO-/SiC-H20 AJIA BUKOPUCTAHHSA
Y HAKOIMUYYBAYAX EHEPI I
Axmen Xamum?, @apxan Japra Pamua®, Hyp Ans-Xyna Anb-Aapanki, Baxaa X. Pa6i?
4Jlenapmamenm @izuxu, oceimuiil Koaeoxc yucmux Hayk, Basunoncokuil ynisepcumem, Basunon, Ipax
bVuisepcumem Kepbanu, inoicenepruii xonedac, gpaxyromem nagmosoi inocenepii, Ipax
“/lenapmamenm meduurnoi Qizuxu, Koneoic yHisepcumemy Anv-Mycmaxban, Basunon, Ipax

Binblire MOMOBUHY CIIOKMBAHOI eHepril B LIJIOMY HaJXOOWUTh y (OpMi TEIUIOBOI eHeprii. BaXMBoIO TEXHIKOIO 3aXHCTy HABKOJIMIIHBOIO
CEepeIOBHILA JUIS MiZBHUIICHHS eHEeproe)eKTHBHOCTI € BUBUCHHS TOTO, SIK BUKOPHCTOBYBAaTH TEXHOJIOTiI0 HAKOIMYEHHS TEIUIOBOI €Heprii
(TES) st mOBHOrO BHKOPHUCTAHHS IEPEPHBYACTOrO Ta HECTAOUIHHOTO TeIIa, TAKOro SIK YTHJII3allisi COHSYHOTO TeIUla Ta Teruia
MPOMHCIIOBHX BiZIXO/iB. BiquyTHe HakomuueHHs Teruia, 30epiraHHs MPUXOBAHOIO TEIlla Ta TePMOXIMIUHE HAKOIMYCHHS TeIUla — Le Bl
BUIM HAKOIMYCHHS TEIUTOBOi eHeprii. Y mil poOoTi omucyersest cTBopeHHs HaHo(moiniB ZrO2/SiC-H20 Ta ixHI XapaKTepuCTHKU I
BUKOPHUCTAHHS B IporpamMax 30epiranss eHeprii. Pe3ynpraTti mokasyroTs, o 301UTbIIeHHs] KOHIEeHTpallii HaHodacTHHOK ZrO2/SiC 3 0,3 /1
1o 1,2 v/n npu nosxuHi XBwii ¢orona (=380 HM) 30UIBIIINIO NOITIMHAHHS NPUOIHM3HO Ha 83,7% 1 3MEHIIIIO IPOIYCKHY 3[aTHICTH Ha
81,2%. Kpim Toro, xomn koHueHtparis ZrQ2/SiC HaHOYaCTHHOK 3pOCTa€, TOTIIMHAHHS TaKOK 3pPOCTA€, M0 BKA3ye HA IMOKpAIICHY
qcrepciro Hanoduoinie. Kpim Toro, ko koHieHTpariss HaHodacTuHok ZrO2/SiC mocsirna 1,2 1/, eneKTponpoBiIHICTh HAHO(IIFOIIiB
Zr02/SiC-H20 nokparnimiacs Maibke Ha 74%, a yac MIaBICHHS CKOPOTHBCS 31 301TbIICHHSIM KOHIICHTpAaLlii HaHo4YacTHHOK ZrO2/SiC.
KarodoBi cnoBa: naxonuuysau enepeii; nanoghnioiou; nponyckanns, no2nuHanHs, NiaeneHHs



