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Abstract: This study deals with reviewof mechanical properties of epoxy matrix using Nano ceria (ceo,) as
filler in metal oxide epoxy Nano composites. Effect of varying wt. % of ceria filler on mechanical properties of
epoxy matrix was studied.Flexural strength,Compressive strength,Vickers micro-hardness and Density were
studied for varying wt % of ceria filler. As the wt. % of ceria is increased, the mechanical properties showed
improvement till a maximum value and then, these properties decreased with further increase Nano filler
content. However,density continued to increase with increase in wt % of ceria,compared with commercial ceria
filled composites, the composites made with, morphology-controlled ceria show a higher impact strength. This
paper also presents a new research proposal for future study.
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I.  Introduction

In recent years metal oxide epoxy Nano composites have been an active area of research due to their
enhanced mechanical properties. Ceriais having wide range of applications including catalysis®,bio-medicine?,
fuel cell® sensor® mechanical properties® in rocket motors and energy formuations®.however,the mechanical
properties of Nano ceria are known to be different from the parent (bulk) material®. It is well know that structure
play a pivotal role in with respect to mechanical properties’ . Suresh and li acknowledge that a lack of
understanding of the deformation mechanisms that operate in ultra strong materials severely limits one’s ability
to create nanomaterials with the desired mechanical properties®®. Epoxy resins are well established
thermosetting matrices of advanced composites, displaying a series of interesting properties like good stiffness
and specific strength, dimensional stability, chemical resistance, ease of processing and strong adhesion to the
embedded reinforcement*- 2

Incorporating Nano particles of metal oxide can significantly improve the mechanical properties of host
matrix by getting uniformly embedded in the thoroughly cross linked chains of the thermoset polymer®**
.Metal oxide nanoparticles possess high surface to volume ratio which increases interfacial interaction between
Nano-filler and host epoxy matrix, thus better adhesion between matrix and filler is obtained. These
nanoparticles present good wettability with the thermoset polymer and fill in the small gaps between cross-
linked polymer chains providing the chains with high resistance to deform under stress. Nanoparticles filler can
reduce thermal expansion coefficient and increase thermal and wear resistance of epoxy resin. By uniformly
distributing these fillers in epoxy resin, the reinforcement material can impart superior mechanical properties to
every region of the host matrix in a uniform manner*®*’.

Fabrication Of Polymer Nano Composite:

Nano ceria filler was added to epoxy resin and stirred manually in a beaker using a glass rod followed

by sonication. Sonication of the mixture was done by using ear probe-type ultrasonic processor at 20 kHz
frequency for duration of 15 minutes. Sonicated mixture was cooled and polyamine hardener was added. The
mixture poured in moulds and cured at room temperature for 48 hrs'®. The resin to hardener weight ratio is 10:1.
Ceria nanostructures with various shapes and size such as Nano rod,nanotubes and Nano plates were prepared,is
used to synthesize ceria epoxy Nano composites by using ethanol dispersion.
The different ceria nanostructures were dispersed in ethanol with various solid contents before adding the epoxy
resin and the mixture was ultra-sonicated for 1 hour at 60° ¢ and 80° ¢ respectively. The mixture was then
degased at 80° ¢ for 5 hours to eliminate the entrapped air and the residual ethanol .the stoichiometric amount of
into the mixture. The composite was molded and cured at 50° ¢ for 12 hours.

Characterisation:
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The powder XRD patterns of Nano ceria samplesand composites were obtained by X-ray diffract-
meter. The surface morphology of the powder and composites was examined using TEM, SEM, FTIR spectra.
The mechanical properties flexural test, compression test, micro hardness test, density test and impact strength
are studied for the composites with various ceria contents.

It is obvious that all the composites have improved impact strength. The reduction of impact strength at
higher ceria content might be due to presence of agglomerates of nanoparticles. The agglomerates constitute
weak points that break fairly easily when force is applied. In addition, the high solid content of nanoparticles in
the epoxy resin leads to too much plastic deformation and crack propagation, which also tempers the improved
impact strength of the composites. All ceria nanoparticles show better performance than commercial ceria
because they have more contact area with epoxy resin at the same particle loading and also because more
interaction forces can occur, such as hydrogen bonding and VanderWaal’s interaction.

Il.  Results And Discussion

According to Xiaoping he et al, (2011), by introducing ceria nanoparticles with controlled shapes and
sizes into epoxy resin, the enhancement in impact strength of the composite was achieved. The ceria Nano
rods/epoxy Nano composites showed the highest impact strength up to 17.27 kJ/m®.which is about four times
that of the neat epoxy resin, due to their special one-dimensional nanostructure. These epoxy Nano composite
materials possess good mechanical performance and might be potentially applied in various fields *°.

According to siddhant data et al (2012),Nano ceria reinforcement synthesized by combustion method
significantly improved the mechanical properties of epoxy matrix.42.6% increase in compressive strength,42%
increase in flexural strength and 29% increase in micro hardness suggest that this Nano ceria reinforced epoxy
can be used as host matrix for fabricating better FRPS(FILTER REINFORCED PLASTICS) Enhancement of
mechanical properties uniformly throughout the polymer composite slabs at filler content lower than 1 wt.%
suggests that sonication process successfully dispersed the Nano ceria particles in the resin matrix. Negligible
increase in density was observed when filler content increased from 0 to 3 wt%. Since low Nano ceria content is
needed to achieve this improvement in properties, there is scope of accommodating additional reinforcement
materials.e.g: carbon fiber, glass fiber, carbon nanotubes, into the epoxy host matrix*.

According to K.S.Harishanand et al (2013) metal oxides such as ZnO, ZrO2 and CeO, are the excellent
Nano fillers; that can improve density and mechanical properties of neat epoxy metal oxide filler addition shows
significant improvement in tensile and flexural properties only at certain content (up to 1 wt.%).Compressive
strength of the metal oxide/epoxy Nano compositesshowed improved results up to 0.5 wt. % and no significant
improvement with additional wt%.Negligible increase in density was observed when filler content increased
from 0 to 3 wt%?.

New Proposal:

Hybrid Nano composites containing more than one (Zn0O,ZrO, and CeO,)Nano-particles of different
proportions in epoxy will be developed.Further studies are being conducted to study the exact morphology and
properties of the formed Hybrid Nano composites. Especially more than one metal oxide based epoxy
composites will show good results in mechanical,chemical and electrical properties and hence preferred for all
practical applications.

New Scheme:
The new scheme for the hybrid Nano composites containing more than one (ZnO, ZrO2 and CeQ) nanoparticles
of different proportions in epoxy is given as follows

Hardener: Acid Anhydride

Epoxy Resin: Diglycidyl Ether Of Bisphenol-A
Mould Dimension: 10x8x1.5 Cm

Resin To Hardener Ratio:10:1

Future Scope: Since low nanoparticles in the resin is needed to achieve the mechanical properties there is a
scope of accommodatingadditional reinforcement materials like carbon fiber, glass fiber, carbon nanotubes,
glass wool, jute fiber, coconut coir fiber in the epoxy matrix.

I11.  Conclusion
Metal oxide have immense scope on the fabrication of Nano filler reinforced polymer composites
having vast number of industrial applications .Especially CeO, based epoxy composites showed good chemical
,mechanical and electrical properties in all tested properties and hence preferred for all practical applications. To
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enhance the mechanical properties further we are planned to go for hybrid Nano composites containing more
than one metal oxide.

Acknowledgement
We express our sincere thanks to Dr. P. Chinnadurai,secretary and Correspondent,Panimalar

Engineering College for having given us the consent to initiate the work. In addition to that we express our
thanks to Dr.L.Karthikeyan, HOD, Mechanical department, Panimalar Engineering College and Dr.Nithyandam,
HOD, Mechanical department, Panimalar Institute of Technology for their able guidance, technical suggestions
and prompt initiations.

[1].
[21.

[3].
[4].
[5].
[6].
[71.
[8].
[9].

[10].
[11].

[12].
[13].
[14].
[15].

[16].

[17].

[18].
[19].

[20].

References
DiMonti, R. and Kaspar, J. On the role of oxygen storage in the three-way catalysis Top.Catal.2004, 28, 47-57.
Hirst, S.M.; Karakoti, A.S.; Taylor, R.D.; Sriranganathan, N.; Seal, S. and reilly, C.M.; Anti-inflammatory properties of cerium
oxide nanoparticles.
Mogeensen, M.; Sammes, N.M. and Tompsett, G.A. Physical chemical and electrochemical properties of pure and doped ceria
.Solid State lonics, 2000, 129, 63-94.
Rossinyol, E.; Arbiol, J.; Peiro, F.; Cornet, A.; Morante , J.R.; Tian, B.; Bo,T. and Zhao, D. Nanostructured metal oxides
synthesized by hard template method for gas sensing applications. Sensor Actuat B-Chem.2005, 109,57-63.
Feng,X.D.; Sayle ,D.C.; wang ,Z.L.; Paras, M.S.; Santora, B.; Sutorik, A.C.; Sayle ,T.X.T.; Yang, Y.; Ding ,Y.; Wang,X.D.;
Her,Y.S. Science 2006,312,1504-1508.
Reid,D.L.; Russo,A.E.; carro,R.V.; Stephens, M.A.; LePage,A.R.; Spalding,T.C.; Peterson,E.L.;. And Seal.S. Nanoscale Additives
tailor energetic materials, Nanolett.2007, 7, 2157-2161.
Liu, X. W.; Zhou, K.B.; Wang, L.;Wang, B.Y. and Li, Y.D. Oxygen Vacancy Clusters Promoting Reducibility and Activity of Ceria
Nano rods. J.Am.Chem.soc.2009, 131, 3140-3141.
Brzezinski, T.; Wang.J.Senter, R.; Brezesinski, K.; Dunn, B and Tolbert, S.H. On the Correlation between Mechanical Flexibility in
,Nanoscale Structure , and Charge Storage in periodic microporous CeO, Thin films. ACS Nano. 2010, 4,967-977.
Zhu, T. and li, J. Ultra Sonic Materials. Prog. Mater .Sci.2010, 55,710-757.
Suresh, S. and Li.J. Deformation of the Ultra strong Nature .2008, 456,716-717.
Smrutisithabal.Experimental Study on Mechanical and electrical properties of carbon nanofiber/epoxy composites .Journal of
Materials &design, vol.31, Issue 5, May 2010, P.2406-2413.
HeH., Fu,R. han.)y.,sheny., & wang,D.(2007). High thermal conductive sisn, particle filled epoxy composites with a novel
structure. Journalof electronic packaging, 129,469-472.
Chatterjee, A., & Islam, M.S (2008).fabrication and characterization of Tio,.epoxy Nano composite. Materials science and
engineering A, 487,574-585.
Chatterjee, T., Jackson, A., &krishnamoorti, R (2008).hierarchical structure of carbon nanotube networks. Journal of American
chemical society, 130, 6934-6935.
Yagci, Y., sangermano, M., Rizza, G. (2008). Synthesis and characterizationof gold-epoxy Nano composites by visible light photo
induced electron transfer and cationic polymerization processes. Macromolecules, 41, 7268-7270.
Jae-Jun Park, Ki-Guen Yoon, Jae-young Lee. “Thermal and Mechanical properties of Epoxy/Micro- and Nano- Mixed Silica
Composites for Insulation Materials of Heavy Electric Equipment . Transactions on Electrical and Electronic Materials Vol. 12,
Issue 3, 2011 pp.98-101.
M.Sudheer, K.M. Subbaya,DayanandaJawali,Thirumaleshwara Bhat.”Mechanical Properties of Potassium Titanate Whisker
Reinforced Epoxy Resin Composites”. Journal of Minerals & Minerals Characterization & Engineering, Vol.11, No.2, 2012 pp.193-
210.
SiddhantDatta, B.M. Nagabhushana, R. Harikrishna (2012). “A New Nano ceria reinforced epoxy polymer Composite with
Improved Mechanical Properties.3 (2) 248-256.
Xiaogiang He, DengsongZhang, Hongruili Jianhi Fang, Liyi shi (2011). “Shape and Size Effect of Ceria Nanoparticles on the
Impact Strength of Ceria/Epoxy Nano compositesParticuology 9, 80-85.
K.S.Harishanand, h.Nagabhushana et al (2013). Comparative study on mechanical properties of ZnO,ZrO, CeO, Nano metal Oxides
Reinforced Epoxy Composites .Advances in Polymer Science and Technology: An International Journal 3(1): 7-13.

DOI: 10.9790/1684-12310103 www.iosrjournals.org 3| Page



