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Abstract : Material requirements are highly personalized due to customized products. Resale values almost scrap rate due to lack of
standard products. Even a cell phone cover does not available in the market after a period. Use and throw kind products are widely
accepted recently by society, and they are produced large in quantity and push into the market. Such use and throw products are live
in the market with many competitors. In this situation, reliability and durability are essential factors for the customer's choice in
buying the products. The cost-effective, durable material can be developed by utilizing waste materials, natural fibers, etc., to meet
such requirements and satisfy the customers' needs is the core concept of this investigation. The contribution of nanotechnology in
improving the conventional composite and produce the new material or alter the properties as per our requirement the
nanocomposites are highly supportive. This paper focuses on such feasibility studies to meet the material needs today. This
comprehensive survey analyzed the feasibilities in various aspects like characterization, structures, mechanisms, materials
compatibility etc. this investigation focuses on how material properties are augmented by utilizing nanotechnology.
Keywords: Nanocomposite, Natural fibers, Characterization, Mechanical Properties, Microstructural Characterization.

1. INTRODUCTION
The Polymer Composite applications are broad, and their scope and role are very vast. The performance and characters are decided
by the inherent specialties of fiber, filer, matrix, hybrid fiber and method of synthesizing etc., and interfacial reaction or bonding
among the materials. Hence it is clear that the performance of a polymer composite depends not only on the selection of its
components but also on the interface between them. Nowadays, materials are designed to meet specific requirements, so the matrix
to be often modified with appropriate filler and reinforcement. The use of natural fibers is utilizing the waste and unused natural
resources. Nowadays, engineering proves that all five natural elements can be utilized to fabricate new materials. The philosophy
is that what we see around us in nature is made up of various combinations of five elements in various proportions. So the natural
fibers and natural materials can be utilized to create new materials for meeting the specific requirements. The available synthetic
fibers are also employed in the creation of new materials. Figure 1 explores the fibers which are majorly contributing to the polymer
composite. The natural fibers are classified as bio fiber (animal fiber), Lignocelluloses/celluloses, and mineral fibers. Synthetic
fibers are classified as organic and inorganic types.
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Figure 1 Fibers utilize in the polymer Composite
II. Why Natural Fibers is preferred in this research?
●
●
●
●
●
●
●
●

Sustainable option of material supply can be ensured by utilizing the waste to some useful forms.
Natural fiber properties can be augmented or altered by selecting the appropriate method, matrix material, filler material,
and hybrid fiber.
The pre-treated natural fibers are compatible for obtaining materials with desirable properties.
The uses of natural fibers are cost-effective.
Natural fiber-based Nanocomposites applications are vast, especially automobile, construction, electronics, aerospace, and
biotechnology industries.
Natural fiber-based composites are eco-friendly.
Hybrid composite with natural composites with suitable reinforcement pair plays a vital role in meeting the material
requirements and meeting the properties of environmental care.
The strength and other properties of the natural fiber-based nanocomposites shall be altered suitably by altering the
Nanofillers, fiber type, fiber length, fiber orientation, matrix material, pre-treatment of natural fibers, and interfacial
bonding mechanism and method of manufacturing.

Issues and solutions in the use of Natural fiber
The interfacial bonding and its strength is a challenging issue in the use of natural fibers, particularly applications that demand high
performance. That can be overcome by including suitable pre-treatment and appropriate nanofillers (which improves the interfacial
bonding significantly). Some cases are: Different % of NaOH treatments have been applied to sisal fibers in order to enhance their
adhesion in composites materials [1-11] preferred maleated polyethylene, and maleated polypropylene used for treating the sisal
fibers.

JETIR2107631

Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org

f2

© 2021 JETIR July 2021, Volume 8, Issue 7

www.jetir.org (ISSN-2349-5162)

III. Need for this survey
A sample of hybrid nanocomposite structures is depicted in figure 2. A significant importance use of nanotechnology in material
development. The followings are silent features.
●
●

Nanotechnology supports improving the conventional composite materials, and this study helps to concentrate on
improving the conventional composite to close the existing complaints on them.
Natural fibers are good alternatives with nanofiller association to meet the material requirements of various applications,
notably railway coaches, wind turbine blades, smart memory, aerospace, prosthetics, consumer products, bridge
construction, partition boards, military, ship structures, ceiling paneling, automobiles, building, packaging, etc.

●

Many are reported that the natural fiber nano reinforced composite is widely increased in both industrial and domestic
applications and also fundamental research. They are renewable, cheap, completely or partially recyclable, biodegradable,
and nonhazardous material [12].

●

Industrial waste like aluminum oxide and silicon oxide are potentially harmful, and they can be used as nonofillers in the
composites and preserve the environment.

●

Eco-friendly materials-related research is a worldwide recognizing and hot area that is fast to act and indispensable research.
So this study adds some valuable information to enhancing or inventing new materials.

●

It was also a common and proven fact that nanofiller-used composites alter the mechanical properties, thermal properties,
and chemical stability. So nanofiller-based composite synthesizing attracts the researchers as a magnet.

Figure 2 Structure of nanocomposite [12]
IV. Nano-fillers
The properties of polymer composite materials like Epoxy, vinyl ester, polyesters can be enhanced by reinforcing them with
nanofillers. It was experimentally proved that polymer with filler is stronger than its pure form. That is, the filler materials and their
sizes (Macro to Nano) are influencing in improving the recital of the polymer composites. Based on the size of a particle of filler
material, the composite is termed a nanocomposite. The specific classification implied that its significance than other sized filler
particles. The decrease of the size of particles to nanoscale increases the vast extent of contact with polymers cause by the nanosize
effect. The mechanism of nanofiller improving a property is depicted in Figure 3.

Figure 3. Mechanism of nano-filler augmenting properties [13]
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Contribution of Nanoclay Fillers
Nano clay contribution recently popular in the hybrid composites [14] utilized the nano clay fillers by mixing (vol% is 45) with
polyester resin and prepared the vakka fiber polyester composite and reported that bending strength and tensile strength improved
by the nanoclay contribution in the matrix are 55 percent and 21.2 percent, respectively. Ansal et al. suggested the E-glass/epoxy
with filler of nano clay composite for wind turbine blades [15]. The fabricated blade sample was tested experimentally for
mechanical characterization and validated numerical investigations. The prepared sample exhibited the required properties for the
wind turbine blades. Canan et al. utilized the nanoclay filler in the basalt fiber/cement composites and enhanced the durability [16].
Feng et al. utilized nanoclay with molybdic acid in the polyester composited to composite the fibers from the banana fruit bunch
was used [17]. The empty fruit bunch is waste material and utilized 38% mass fraction to manufacture a new material. Deepak et al.
used the nanoclay fillers in the coir fiber polyester composite and compared with the coir/glass polyester composite and found that
the nano clay composite with coir polyester gives equivalent strength to the hybrid composite of coir/glass/ polyester composite
[18]. The authors remarked as the nanoclay is a low-cost substitute. And the mechanical properties are found augmented significantly
due to the inculcation of nanoclay on the matrix phase. The mechanical properties are enhanced outstandingly by including the 4
percent nanoclay with polyester to prepare Wild Cane Grass/ polyester/nanoclay composite. The thermal conductivity and thermal
diffusivity are disturbed by adding more fiber in the composite matrix (that is, decreasing the thermal conductivity and the thermal
diffusivity with an increase in the quantity of fiber). The same issues by increasing the nanoclay content in the matrix of the
composite [19]. The nanoclay inclusion, along with the hollow glass microspheres, included the glass /epoxy polymer composite
and reported that the nanoclay fillers and hollow glass microspheres augmented impact strength. The material weight is less
compared to the strength, so the materials are suggested for the low weight construction. Koricho et al. included the nanoclay in the
epoxy resin matrix with glass fiber with the mass fraction of 1% to 5% and found that increase the quantity of nanoclay improves
the impact strength significantly [20]. Also designed a bio-composite for wound healing purposes with Iranian Gum Tragacanth (bio
fiber), polyvinyl alcohol, along with a little percentage of nanoclay powder. the research finding was an increase of nanoclay content
increases the mechanical as well as chemical stability. The higher percentage of 3% nanoclay (which is considered as maximum in
their composite matrix) contained composites (Various proportions of Iranian Gum Tragacanth (bio fiber), polyvinyl alcohol)
outperformed when compared to without nanoclay composites. Sivasaravanan et al. reported that the nanoclay in association with
multiwall carbon nanotube improves the inter-laminar fracture toughness significantly in the glass/epoxy composite laminates, and
the same was ensured by the mode I and II and mixed-mode tests [21]. Amiri et al. reported that the clay content in the composite
materials has the property of increasing the inter-laminar fracture toughness. The same was proved by including the organoclay in
the carbon fiber/ maleic anhydride-modified polypropylene oligomer composite. The findings reported that the 3% inclusion of
organoclay improves the thermal and mechanical properties significantly [22-24]. Mohan et al. utilized the nanoclay to treat the
banana fibers. Yes, the nanoclay is infused in the short banana fibers, including epoxy matrix to prepare a composite that doubles
the compressive yield stress, modulus, and 43% higher compressive strength than NaOH treated banana fiber-based composite [25].
The composites were prepared as cylinders and investigated tensile, fracture toughness, and compressive strengths and found
significant improvement in all aspects. Bhuvaneshwaran et al. certified after experimentation by synthesis and characterization that
nanoclay filler improves impact, bending, tensile and compressive strengths in the composite [26]. In particular, wt% of 3%
outperforms in the composite made up of treated medicinal plant fiber 'Coccinia indicate fiber' with epoxy resin. They ensured such
properties enhancement in addition to the mechanical testing that Fourier Transform Infrared Spectroscopy analysis (for ensuring
the chemical structure in the composite) and Scanning Electron Microscopy (identifying the pull-out fibers on broken specimens).
The nanoclay proved its compatibility with many fiber and resin varieties; furthermore, the natural silk fiber in high-density
polyethylene matrix with nanoclay as filler. The composite is designed for material with high wear resistance. Trupti et al. observed
that little percentages like 0.5% to 1% mass fraction offered high wear resistance [27]. Nanoclay extended its contribution in
preparing natural rubber and jute-based composite in the nanoclay based modification of stearic acid as a matrix. The excellent
interfacial bonding through interaction was ensured by Dynamic mechanical analysis. The nanoclay based modification of stearic
acid in the composite augmented the tensile strength and the cure rate index (CRI) of the composite material, and its hydrophobic
nature was revealed in the Fourier transform infrared investigation [28-29].
Nano SiO2
The contribution of SiO2 is widely applicable investigates its nonoform in cementitious composites [30]. The NS, along with
polyvinyl alcohol fiber, decreased workability, limited other unnecessary mechanical properties, and added good strength and life
to the cementitious composites. Oinghua et al. utilized the NS in the carbon fibers/nylon-6 composites for improving the transverse
fibers bundle strength. Oinghua et al. also used the NS to alter the properties of cementitious composites and investigated several
special effects of nano-SiO2 in the cementitious composite like flowability, flexural strength, deformability, and toughness [30].
Yibing et al. used the ultrafine composite to augment the combustion temperature at the beginning and reduce the heat release rate
[31]. The composite is made up of polyethylene terephthalate and lauric acid, where the NS is filler. Also, many worked on
improving with NS for the tribological properties of short carbon fiber/epoxy hybrid composites enriched with NS. The fabricated
composite exhibit good quality of lubrication and wear properties.
The Uniform dispersion of NS in the Epikote 828 epoxy polymer is illustrated at various proportions by using Transmission Electron
Microscopy images with 2 different magnification [13] refer Figure 4 demonstrates the Nano silica dispersion (The 5 wt% ) in the
Epikote 828 epoxy polymer Figure 4 (a) is 22500x magnification and the Figure 4 (b) is 4 115000x magnification [31]
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Figure 4. Nano silica dispersion (The 5 wt% ) in the Epikote 828 epoxy polymer (a) 22500x (b) 115000x [32]

a

b

Figure. 5. Nano silica dispersion (The 13 wt% ) in the Epikote 828 epoxy polymer (a) 22500x (b) 115000x [32]

a

b

Figure 6. Nano silica dispersion (The 25 wt% ) in the Epikote 828 epoxy polymer (a) 22500x (b) 115000x [32]
Figure 5 demonstrates the Nano silica dispersion (The 13 wt% ) in the Epikote 828 epoxy polymer Figure 5 (a) is 22500x
magnification, and Figure 5 (b) is 4 115000x magnification. Figure 6 emonstrates the Nano silica dispersion (The 25 wt% ) in the
Epikote 828 epoxy polymer Figure 6 (a) is 22500x magnification and the Figure 6 (b) is 4 115000x magnification [32]
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Nano- Titanium dioxide
The Nano-Titanium dioxide or NT or nanoTiO2 inclusion in the polymer composite also yielded better outcomes. Vishnu et al.
worked on Nano Titanium dioxide in the epoxy matrix where the flax fiber was employed as a reinforcement element in the
composite matrix [33]. From both kinds of mode bending tests, it was found that 52% and 73% of fracture toughness improved, and
the better fracture toughness was achieved with the weight fraction Nano Titanium dioxide of 0.4 wt% and 0.5 wt%, respectively.
Later those authors utilized the NaOH treated natural flax fiber woven mats for composite with the same matrix and found that 6%
inclusion in the matrix simultaneously improved the hardness by 16%, flexural strength by 25%, and fracture toughness by 24%
when compared with untreated fibers in the composite matrix [34]. Vishnu et al. worked to a reduced, and standard size of nano
Titanium dioxide particle of 50 nano-meters utilized t in the untreated flax fiber epoxy composite, the nano Titanium dioxide particle
included in the epoxy matrix through mechanical stirring and sonication process, the fabrication technique changed from hand layup
to compression molding [35]. The optimal value of 0.7% inclusion of nano Titanium dioxide particles gives 11% extra tensile
strength, 19% additional interlaminar shear strength, 20% improved flexural strength, augmented fracture toughness by 10.45%,
and 31% decreased the water diffusion coefficient.
Further, the authors [36] reduced nano Titanium dioxide particle size to 15 nanometers, utilized NaOH treated flax fiber in the epoxy
matrix, and presented their investigation. They used two different NaOH concentrations as 5% and 10%. Vishnu et al. mixed the
nano-TiO2 as filler in the high-density polyethylene matrix and utilized bamboo fiber and found that thermo-oxidative aging of
composites are found decreased, and thermal stability improved [37].
Nano-Al2O3
Alumina is a widely available industrial waste that can be utilized to prepare new materials effectively. Peng et al. added nanoalumina particles in the epoxy matrix where coconut bunch fiber was a reinforcement agent for improving mechanical strengths
[38]. The alumina nano-fillers performance was evaluated in glass/epoxy composite and reported that the thermal stability, flexural
strength was enhanced [39]. The weight fraction was 0.1 percent included alumina nanoparticles in glass/epoxy composite for
improving the interlaminar shear strength [40]. Ramesh et al. contained the alumina nanoparticles in the carbon epoxy matrix and
obtain a good scatter of fatigue lives utilized the alumina nanoparticles along with rice husk ash in the lightweight geopolymer
concretes improved 20% durability [41-42]. Ehsan et al. included nano-Al2O3 particles (0.1 wt%) and obtained the inter-laminar
shear strength by 12% [43].
Nano-SiC
Ramesh et al. included the SiC nanoparticles as filler to augment mechanical properties in banana/epoxy composite [44]. Prakash et
al. included the SiC in the carbon epoxy matrix and obtained a good scatter of fatigue lives. SiCp based nanocomposite in the
polymer classification [45].
Nano-Graphene
It was found that the mechanical properties of different fibers were by using graphene nanoparticle prepared using hot pressing
method glass fiber reinforced composite, carbon fiber reinforced composite, aramid fiber reinforced polymer was produced in
addition 0.1%,0.2%,0.3% graphene nanoplates were used. The addition of 0.2wt% graphene nanoparticle to aramid fiber reinforced
polymer composites don't have any effect on tensile strength, but it increased the tensile strength [46].
With the immersion of GNP, the distribution of CNT in Epoxy increased. They have improved flexural properties and decreased the
threshold of epoxy composites' electrical percolation with 8:2 CNT and GNP ratio [47]. The three-dimensional CNT and graphene
oxide was constructed by pie-sequence interaction between the CNT's and the multiple aromatic areas of the GO (Graphene Oxide)
sheets combined [48]. By mixing graphene and CNT in a 9:1 ratio, they improved the mechanical properties [49].
Nano-CNT
The polymer composites are found to be tough by varying their composition of CNT. Fibers are Glass fiber and Kevlar, and
unmodified epoxy resin with k6 hardener as Epoxy, the composites made up of carbon and glass were prepared and shown in six
ways. The addition of CNT to the epoxy matrix varied from 0 to 2%. The increment in carbon fiber percentage improves composite
rigidity. The suggested addition of CNT is restricted to 1wt.%. The hybrid composite properties with different shapes in the
individual case of CNT reinforcement differed between carbon composite and glass composite [50]. By performing tensile tests and
Impact tests. Where Bamboo is a fiber and Epoxy is a resin and varying % of CNT. They concluded that by increasing the percentage
of CNT, the tensile strength and tensile load of the specimens increase [51].
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By performing flexural and tensile stress on kenaf/Glass fibers where Epoxy as resin-filled along with carbon nanotubes and
investigated that, Flexural modulus and flexural strength of kenaf/glass fibers hybrid reinforced epoxy composites with different
percentages of CNT modified Epoxy were compared. It shows that the flexural strength decreases with increasing CNT wt.%. The
flexural modulus increases with increasing CNT wt.%. Adding 0.5 and 0.75 wt.% of CNT reduces the tensile strength by about 20%
and 5%, respectively. However, the tensile strength increases when 1.0wt.% CNT was added to the hybrid system. Finally, CNT
was used to investigate the tensile and flexural properties of kenaf/glass fiber hybrid reinforced epoxy. Both flexural and tensile
modulus increase as the strength of the material increases [52].

V. Discussion
The advantage of nanotechnology permits us to utilize agricultural and industrial waste to develop and synthesize the best alternate
materials with cost-effectiveness. The use of natural fibers increases biodegradability. The use of natural fibers and synthetic fibers
with nanofillers offers the best, strong, and durable material. The nanofillers and natural fibers help to alter the properties suitably
for the appropriate use. The disadvantage of poor interfacial bonding strength in the natural fibers could be enhanced with low-cost
pre-treatment processes. Huge varsities of natural fibers are available and abundant also, hence the sustainable supply of materials
at a low price can be assured. The use of natural fibers, including waste bio-fibers, cleans the environment. The composite
technology is a magic method that converts the useless to useful. The use of natural fibers, preventing the generation of pollution.
Some of them can be recyclable too. So better material balance can be achieved by giving more importance to the use of natural
fibers and natural waste like clay and industrial waste like aluminum in association with synthetic fibers.
VI. Challenges and Future opportunities
In the case of nanocomposites, the homogeneous distribution of nanofiller in matric composites plays an important role. It also
includes mixing methods, mixing agents, time, temperature etc. The major challenge is the prepration of nanoparticle composites
uniformly in the entire area of the polymer. Secondly, the measuring method is vital in studying nanofiller reinforced
nanocomposites' mechanical and thermomechanical properties [53-58].
VII. Conclusion
The ample survey on characterization and analysis of nano-hybrid composite structures is presented in this research article. The
cost-effective new material production or the cost-effective improving the excising composites are highly feasible with
nanocomposite technology. Filler materials like nano clay are widely utilized for improving material's property. The nanofillers like
nanoclay proved their compatibility with many kinds of composite matrix, including hybrid polymer and polymeric Composites.
The nanofillers like carbon nanotubes are costly nanofillers where materials like aluminum oxide are industrial waste, nanoclay are
cheap and widely available. Hence, using natural fibers with cheap pre-treatments like NaOH and utilizing cheap and freely
available nono fillers and wise design of composite matrix will lead to developing the cheap and best alternative materials for many
applications.

References
[1]. Smita Mohanty, Sanjay K. Nayak , Interfacial, dynamic mechanical, and thermal fiber reinforced behavior of MAPE treated
sisal fiber reinforced HDPE composites, Applied Polymer ScienceVolume102, Issue4, 15 November 2006, Pages 3306-3315.
https://doi.org/10.1002/app.24799.
[2]. Nagamadhu M, Jayaraj P, G C Mohan Kumar, Influence of textile properties on dynamic mechanical behavior of epoxy
composite reinforced with woven sisal fabrics, Sadhana Publications, Volume 45, Issue 14, 2019, Pages 1-10.
https://doi.org/10.1007/s12046-019-1249-z.
[3]. P. V. Joseph, Kuruvilla Joseph, Joseph Sabu Thomas, Short sisal fiber reinforced polypropylene composites: The role of
interface modification on ultimate properties, January 2002Instrumentation Science & Technology 9(2):171-205,
https://10.1163/156855402760116094.
[4]. Amaresh Gunge, S. B. Kivade, M. Nagamadhu, Praveennath G. Koppad, K.V. Shivananda Murthy, Study on mechanical
properties of alkali treated plain woven banana fabric reinforced biodegradable composites, Composite Communications,
Volume 13, 2019, Pages 47-51. https://doi.org/10.1016/j.coco.2019.02.006.
[5]. Amaresh Gunge, S. B. Kivade, Nagamadhu M, Sangamesh Rajole, Mechanical properties of chemical treated Woven
Banana/Polyvinyl Alcohol Composites, Emerging Materials Research, Volume 8, Issue 3, 2020, Pages 638-643.
https://doi.org/10.1680/jemmr.18.00028.
JETIR2107631

Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org

f7

© 2021 JETIR July 2021, Volume 8, Issue 7

www.jetir.org (ISSN-2349-5162)

[6]. Sathish Kumar, S., Suresh, AV., Nagamadhu, M., Vitala, HR., Dileep, BP., Optimization of Drilling Parameters on Alkaline
Treated Jute fiber Sandwich Material, International Journal of Recent Technology and Engineering, Blue Eyes Intelligence
Engineering & Sciences Publication, Volume 8, Issue 3, 2020, Pages 2454-2459. https://doi:10.35940/ijrte.C4693.098319.
[7]. M. Nagamadhu, P. Jeyaraj, G. C. Mohan Kumar, Characterization and Mechanical Properties of Sisal Fabric Reinforced
Polyvinyl Alcohol Green Composites: Effect of Composition and Loading Direction, Materials Research Express, Volume
6, Issue 12, 2020, Pages 125320. https://doi.org/10.1088/2053-1591/ab56b3
[8]. M. Nagamadhu, P. Jeyaraj, G. C. Mohan Kumar, Mechanical and Tribological Behavior of Woven Sisal Fabric, Tribology
in Industry, Volume 41, Issue 4, 2019, Pages 622-633. https://doi.org/10.24874/ti.2019.41.04.14
[9]. Nagamadhu M, Vijay Kumar S, Rajath Upadhya, Samuel Sehgal, Basavaraj Hittinahalli, Mechanical and Drilling Process
Characterization of herringbone sisal fabric reinforced vinyl ester sandwich composites, Advances
in Materials and Processing Technologies,
Volume
7,
Issue
2,
2020,
Pages
1-18.
https://doi.org/10.1080/2374068X.2020.1855963
[10]. S. B. Kivade, Amaresh Gunge, Nagamadhu M, Sangamesh Rajole, Mechanical and Dynamic Mechanical Behavior of
Acetylation Treated Plain Woven Banana Reinforced Biodegradable Composites, Advanced Composites and Hybrid
Materials, Volume 4, Issue 2, 2020, Pages 1-15. https://doi.org/10.1007/s42114-021-00247-8
[11]. S Sathishkumar, AV Suresh, M Nagamadhu, M Krishna, The effect of alkaline treatment on their properties of Jute fiber mat
and its vinyl ester composites, Materials Today: Proceedings, Volume 4, Issue 2, 2017, Pages 3371-3379.
https://doi.org/10.1016/j.matpr.2017.02.225
[12]. L.B Vogelesang A Vlot, Development of fibre metal laminates for advanced aerospace structures, Journal of Materials
Processing Technology, Volume 103, Issue 1, 1 June 2000, Pages 1-5
[13]. Naheed Saba, Paridah Md Tahir, and Mohammad Jawaid, A Review on Potentiality of Nano Filler/Natural Fiber Filled
Polymer Hybrid Composites, Polymers 2014, 6, 2247-2273; doi:10.3390/polym6082247
[14]. S. P. Kumar Gudapati, Ch. Vamsi Krishna, A. V. Ratna Prasad, Effect of nano clay on tensile and flexural properties of vakka
fiber polyester composites, Materials Today: Proceedings, In press, corrected proof, Available online 19 September 2019
[15]. K. Ansal Muhammed, C. Ramesh Kannan, B. Stalin, M. Ravichandran, Experimental investigation on AW 106 Epoxy/EGlass fiber/nano clay composite for wind turbine blade, Materials Today: Proceedings, In press, corrected proof, Available
online 11 July 2019
[16]. Z. Canan Girgin, Effect of slag, nano clay and metakaolin on mechanical performance of basalt fibre cementitious
composites, Construction and Building Materials, Volume 192, 20 December 2018, Pages 70-84.
[17]. Feng Xu, Xu-Sheng Du, Hong-Yuan Liu, Wei-Guo Guo, Yiu-Wing Mai, Temperature effect on nano-rubber toughening in
Epoxy and epoxy/carbon fiber laminated composites, Composites Part B: Engineering, Volume 95, 15 June 2016, Pages 423432.
[18]. K. Deepak, N. Srinivasa Reddy, T. V. Seshaiah Naidu, 'Thermosetting Polymer and Nano Clay Based Natural Fiber BioComposites , Procedia Materials Science, Volume 10, 2015, Pages 626-631.
[19]. S. P. Kumar Gudapati, S. Chidambaranathan, A. V. Ratna Prasad, Influence of nanoclay on thermal properties of wild cane
grass fiber reinforced polyester composites, Materials Today: Proceedings, In press, corrected proof, Available online 15
July 2019.
[20]. E. G. Koricho, A. Khomenko, M. Haq, Influence of nano/microfillers on impact response of glass fiber-reinforced polymer
composite, Fillers and Reinforcements for Advanced Nano-composites, 2015, Pages 477-492
[21]. S. Sivasaravanan, V. K. Bupesh Raja, Manikandan, Impact Characterization of Epoxy LY556/E-Glass Fibre/ Nano Clay
Hybrid Nano Composite Materials, Procedia Engineering, Volume 97, 2014, Pages 968-974.
[22]. H. Amiri Heydary, E. Karamian, E. Poorazizi, A. Khandan, J. Heydaripour, A Novel Nano-Fiber of Iranian Gum TragacanthPolyvinyl Alcohol/Nanoclay Composite for Wound Healing Applications, Procedia Materials Science, Volume 11, 2015,
Pages 176-182.
[23]. H. Silva, J. A. M. Ferreira, C. Capela, M. O. W. Richardson, Mixed Mode interlayer fracture of glass fiber/nano-enhanced
epoxy composites, Composites Part A: Applied Science and Manufacturing, Volume 64, September 2014, Pages 211-222.
[24]. Mohamed H. Gabr, Wataru Okumura, Hisai Ueda, Wataru Kuriyama, Isao Kimpara, Mechanical and thermal properties of
carbon fiber/polypropylene composite filled with nano-clay, Composites Part B: Engineering, Volume 69, February 2015,
Pages 94-100.
[25]. T. P. Mohan, K. Kanny, Compressive characteristics of unmodified and nanoclay treated banana fiber reinforced epoxy
composite cylinders, Composites Part B: Engineering, Volume 169, 15 July 2019, Pages 118-125.
[26]. Bhuvaneshwaran Mylsamy, Sathish Kumar Palaniappan, Sampath Pavayee Subramani, Samir Kumar Pal, Karthik
Aruchamy, Impact of nanoclay on mechanical and structural properties of treated Coccinia indica fibre reinforced epoxy
composites, Journal of Materials Research and Technology, In press, corrected proof, Available online 14 October 2019.
[27]. Trupti P. Wani, R. Raja, P. Sampathkumaran, S. Seetharamu, Investigation on Wear and Friction Characteristics of BiDirectional Silk Fiber Reinforced Nanoclay Added HDPE Composites, Materials Today: Proceedings, Volume 5, Issue 11,
Part 3, 2018, Pages 25713-25719
[28]. Kumarjyoti Roy, Subhas Chandra Debnath, Amit Das, Gert Heinrich, Pranut Potiyaraj, Exploring the synergistic effect of
short jute fiber and nanoclay on the mechanical, dynamic mechanical and thermal properties of natural rubber composites,
Polymer Testing, Volume 67, May 2018, Pages 487-493
[29]. Tao Zhang, Yixuan Song, Yueqing Zhao, Boming Zhang, Effect of hybrid sizing with nano-SiO2 on the interfacial adhesion
of carbon fibers/nylon 6 composites, Colloids and Surfaces A: Physicochemical and Engineering Aspects, Volume 553, 20
September 2018, Pages 125-133.
JETIR2107631

Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org

f8

© 2021 JETIR July 2021, Volume 8, Issue 7

www.jetir.org (ISSN-2349-5162)

[30]. Qinghua Li, Xiang Gao, Shilang Xu, Multiple effects of nano-SiO2 and hybrid fibers on properties of high toughness fiber
reinforced cementitious composites with high-volume fly ash, Cement and Concrete Composites, Volume 72, September
2016, Pages 201-212
[31]. Yibing Cai, Huizhen Ke, Ju Dong, Qufu Wei, Hao Fong, Effects of nano-SiO2 on morphology, thermal energy storage,
thermal stability, and combustion properties of electrospun lauric acid/PET ultrafine composite fibers as form-stable phase
change materials, Applied Energy, Volume 88, Issue 6, June 2011, Pages 2106-2112
[32]. Yifeng Ling, Peng Zhang, Juan Wang, Yuanzhao Chen, Effect of PVA fiber on mechanical properties of cementitious
composite with and without nano-SiO2, Construction and Building Materials, Volume 229, 30 December 2019, Article
117068
[33]. Aidah Jumahat, Costas Soutis, Shahrul Azam Abdullah, Salmiah Kasolang, Tensile properties of nanosilica/epoxy
nanocomposites, Procedia Engineering 41 ( 2012 ) 1634 – 1640.
[34]. Vishnu Prasad, K. Sekar, Soney Varghese, M. A. Joseph, Enhancing Mode I and Mode II interlaminar fracture toughness of
flax fibre reinforced epoxy composites with nano TiO2 , omposites Part A: Applied Science and Manufacturing, Volume
124, September 2019, Article 105505
[35]. Vishnu Prasad, M. A. Joseph, K. Sekar, Mubarak Ali, Flexural and impact properties of flax fibre reinforced epoxy composite
with nano TiO2 addition, Materials Today: Proceedings, Volume 5, Issue 11, Part 3, 2018, Pages 24862-24870.
[36]. Vishnu Prasad, M. A. Joseph, K. Sekar, Investigation of mechanical, thermal and water absorption properties of flax fibre
reinforced epoxy composite with nano TiO2 addition, Composites Part A: Applied Science and Manufacturing, Volume 115,
December 2018, Pages 360-370.
[37]. Vishnu Prasad, Deepak suresh, M. A. Joseph, K. Sekar, Mubarak Ali, Development Of Flax Fibre Reinforced Epoxy
Composite With Nano Tio2 Addition Into Matrix To Enhance Mechanical Properties, Materials Today: Proceedings, Volume
5, Issue 5, Part 2, 2018, Pages 11569-11575
[38]. Peng Fei, Hanguo Xiong, Jie Cai, Chao Liu, Yan Yu, Enhanced the weatherability of bamboo fiber-based outdoor building
decoration materials by rutile nano-TiO2, Construction and Building Materials, Volume 114, 1 July 2016, Pages 307-316
[39]. A. Devaraju, K. Babu, A. Gnanavelbabu, Investigation on the Mechanical properties of Coconut Bunch fiber Reinforced
Epoxy with Al2O3 Nano particles Composites for Structural Application, Materials Today: Proceedings, Volume 5, Issue 6,
Part 2, 2018, Pages 14252-14257
[40]. Kishore Kumar Mahato, Krishna Dutta, Bankim Chandra Ray, Assessment of mechanical, thermal and morphological
behavior of nano-Al2O3 embedded glass fiber/epoxy composites at in-situ elevated temperatures, Composites Part B:
Engineering, Volume 166, 1 June 2019, Pages 688-700.
[41]. Ramesh K. Nayak, D. Rathore, B. C. Ray, B. C. Routara, Inter Laminar Shear Strength (ILSS) of Nano Al2O3 Filled Glass
Fiber Reinforced Polymer (GFRP) Composite - A Study on Loading Rate Sensitivity, Materials Today: Proceedings, Volume
4, Issue 8, 2017, Pages 8688-8696.
[42]. U. A. Khashaba, A. A. Aljinaidi, M. A. Hamed, Fatigue and reliability analysis of nano-modified scarf adhesive joints in
carbon fiber composites, Composites Part B: Engineering, Volume 120, 1 July 2017, Pages 103-117.
[43]. Ehsan Mohseni, Mahyar Jafar Kazemi, Mahdi Koushkbaghi, Behnam Zehtab, Babak Behforouz, Evaluation of mechanical
and durability properties of fiber-reinforced lightweight geopolymer composites based on rice husk ash and nano-alumina,
Construction and Building Materials, Volume 209, 10 June 2019, Pages 532-540
[44]. Ramesh Kumar Nayak, Influence of seawater aging on mechanical properties of nano-Al2O3 embedded glass fiber reinforced
polymer nanocomposites, Construction and Building Materials, Volume 221, 10 October 2019, Pages 12-19.
[45]. S. Prakash, M. Prathab, M. Dhanashekar, V. S. Senthil Kumar, Open Hole Tensile Behaviour of Nano Fillers (SiC & Banana)
in CNSL/Epoxy Resin Reinforeced with Basalt fiber, Materials Today: Proceedings, Volume 5, Issue 2, Part 2, 2018, Pages
8631-8637
[46]. Topkaya, Tolga, Yahya Hışman Çelik, and Erol Kilickap. "Mechanical properties of fiber/graphene epoxy hybrid
composites." Journal of Mechanical Science and Technology 34, no. 11 (2020): 4589-4595.
[47]. Yue, Liang, Gholamreza Pircheraghi, Seyed Ali Monemian, and Ica Manas-Zloczower. "Epoxy composites with carbon
nanotubes and graphene nano platelets,
[48]. Qi, Zehao, Yefa Tan, Zhongwei Zhang, Li Gao, Cuiping Zhang, and Jin Tian. "Synergistic effect of functionalized graphene
oxide and carbon nanotube hybrids on mechanical properties of epoxy composites.
[49]. Chatterjee, S., F. Nafezarefi, N. H. Tai, L. Schlagenhauf, F. A. Nüesch, and B. T. T. Chu. "Size and synergy effects of
nanofiller hybrids including graphene nano platelets and carbon nano tubes in mechanical properties of epoxy composites.
[50]. Gnanavel, C., R. Saravanan, T. Gopalakrishnan, and R. Pugazhenthi. "Fracture toughness reinforcement by CNT on G/E/C
hybrid composite." Materials Today: Proceedings 37 (2021): 1046-1050.
[51]. Thakur, Ashish, Rajesh Purohit, R. S. Rana, and Din Bandhu. "Characterization and evaluation of mechanical behavior of
epoxy-CNT-bamboo matrix hybrid composites." Materials Today: Proceedings 5, no. 2 (2018): 3971-3980.
[52]. Sapiai, Napisah, Aidah Jumahat, and Jamaluddin Mahmud. "Flexural and tensile properties of kenaf/glass fibres hybrid
composites filled with carbon nanotubes." Jurnal Teknologi 76, no. 3 (2015).
[53]. G. C. Mohan Kumar, P. Jeyaraj, M. Nagamadhu. " Influence of Glutaraldehyde Crosslinker on Dynamic Properties of
Polyvinyl Alcohol Polymer" Emerging Materials Research , Volume 9, Issue 1, Page number 168-179. (2020).
https://doi.org/10.1680/jemmr.18.00059
[54]. M. Nagamadhu, Vijay K. Shankar, Samuel Sehgal, Rajath Upadhya. " Study the Impact of Drilling Process Parameters on
Natural Fiber Reinforced Herringbone Epoxy Composites" Annales de Chimie - Science des Matériaux, Volume 44, Issue 5,
Page number 339-345. https://doi.org/10.18280/acsm.440506
JETIR2107631

Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org

f9

© 2021 JETIR July 2021, Volume 8, Issue 7

www.jetir.org (ISSN-2349-5162)

[55]. Nagamadhu M, S. B. Kivade. " Effect of multifrequency, boundary conditions of Polyvinyl Alcohol (PVA) cross-linked with
Glutaraldehyde (GA) using Dynamic Mechanical Analyzer" Advances in Materials and Processing Technologies, Volume
7, Issue 1, Page number 1-12, 2021. https://doi.org/10.1080/2374068X.2021.1878698
[56]. Nagamadhu M, S. B. Kivade. " Novel studies on Thermo-Mechanical Properties of Structural Glass with and without
Lamination" Applied Mechanics and Materials, Volume 903, Page number 65-72, 2021.
https://doi.org/10.4028/www.scientific.net/AMM.903.65
[57]. M. Nagamadhu, P. Jeyaraj, G. C. Mohan Kumar "A novel approach to determine the thermal transition of gum powder/hydrogels using dynamic mechanical analysis" Applied Mechanics and Materials, Volume 1943, Page number 020030, 2019.
https://doi.org/10.1063/1.5029606
[58]. G C Mohan Kumar, P Jeyaraj, M Nagamadhu "Dynamic mechanical analysis of glutaraldehyde cross linked polyvinyl alcohol
under tensile mode" Applied Mechanics and Materials, Volume 2057, Page number 020017, 2019.
https://doi.org/10.1063/1.5085588

JETIR2107631

Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org

f10

