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ABSTRACT 

Composite materials are used in a variety of vital applications, including aero-

space, defence, and marine. As a result, it is critical to investigate the failure of 

these materials-based components.  Testing of these materials can provide infor-

mation such as mechanical properties, fatigue life, and impact properties allowing 

their application to be better understood. The purpose of this study is to develop 

a lighter Kevlar-based material while also improving its mechanical strength, im-

pact resistance, and toughness. The goal of this study is to determine the best 

combination of a set proportion of MWCNT and changing weight percent of Sea-

shell & Alumina nanofillers to improve the mechanical properties of a Kevlar 

fibre-reinforced nanocomposite. This work involves the development of Kev-

lar fibre reinforced epoxy nanocomposite incorporating Multiwall Carbon Nano-

tubes (MWCNT), nano alumina, and nano seashell in various combinations that 

can be used in the lightweight structure of aircraft and armoured vehicles. The 

prevailing advancement covers the use of nanofillers in specific proportions in 

the Kevlar-based nanocomposite material which is generally used in lightweight 

applications in the aerospace and defence sector. The high need for nanofiller in 

advanced material engineering stems from the fact that their properties improve 

with greater research.  

Keywords: Kevlar, Kevlar-based composites, Mechanical properties, Nano-

fillers, Alumina, Seashell, MWCNT, Impact Testing, Fatigue performance.  
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CHAPTER 1  

INTRODUCTION 
 

1.1 GENERAL INTRODUCTION 

Composites have emerged as a valuable class of engineering materials be-

cause they provide many attributes not attainable with different materials. Light 

weight, plus high stiffness, and selectable properties have fostered their use for 

several years in satellites, high performance aircraft and missiles further as sub-

marines. Now, these materials demonstrate their worth within the mundane, but 

equally as demanding, consumer, infrastructure, and sports equipment arenas.  

Designing a composite part is in some ways a designer’s dream, with nearly infi-

nite combinations of materials that will be utilized to achieve specific design 

goals. Composites have recently gained much attention because of their weight-

adjusted (or specific) stiffness and strength, which allow for light weighting in 

fly- or drive-away implementations. Thus, aerospace companies are increasing 

the composite content in their products. Demand is increasing in other industries 

supported additional material properties available in composites. Because of how 

composites are produced, they're both heterogeneous and anisotropic. Composite 

materials are heterogeneous because they're composed of assorted materials with 

different physical, mechanical and electrical properties. Along different axes, 

composites have different mechanical and electrical properties because of which 

they need to be analysed in more rigour manner. Using mechanics of materials 

approach analysis of composites is carried out which is designers first choice.   

Modem structural composites, frequently brought up as 'Advanced Composites', 

are a mix of two or more components, one amongst which is created of stiff, long 

fibres, and also the other, a binder or 'matrix' which holds the fibres in situ. The 
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fibres are strong and stiff relative to the matrix and are generally orthotropic (hav-

ing different properties in two different directions). The fibre, for advanced struc-

tural composites, is long, with length to diameter ratios of over 100. The fibres 

strength and stiffness are usually much greater, perhaps several times more, than 

the matrix material. The matrix material can by polymeric (e.g. polyester resins, 

epoxies), metallic, ceramic or carbon. When the fibre and therefore the matrix are 

joined to create a composite they keep their individual identities and both directly 

influence the composite's final characteristics. The resulting composite will gen-

erally be composed of layers (laminate) of the fibres and matrix stacked to attain 

the required properties in one or more directions. It is well known that advanced 

composites show high strength to weight ratio and high stiffness to weight ratio.  

1.2 MATRIX MATERIAL 

Besides having its own advantages, fibre has limits in its engineering applica-

tions, within which it cannot transmit the load from one to a different. The com-

posite are include fibre and matrix material that are embedded together, where 

the matrix serves to bind and transfer the load to the fibre and protect them again 

environmental attack and damage because of handling. During this research, 

epoxy glue is that the variety of matrix that's visiting be accustomed fabricate 

fibre composites. Epoxy glue is nearly totally transparent when cured. Epoxy is 

employed as a structural matrix material or as structural glue within the aerospace 

industry. Resin may be a good resistance to most chemicals, good resistance to 

creep and fatigue, high strength and good electrical properties. To fabricate the 

composites, the hand lay-up construction method are employed in this research. 

There are major advantages of using hand lay-up methods; low moulding costs, 

it's widely and commonly used, it's possible for big products small series prod-

ucts. 
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Figure 1.1 Epoxy Resin LY556 and Hardener HY951 

The Matrix possesses these functions and requirements:  

 Keep the fibres in place within the structure;  

 Help to distribute or transfer loads;  

 Protect the filaments, both within the structure and before and thru fabri-

cation;  

 Control the electrical and chemical properties of the composite;  

 Carry interlaminar shear loads. 

The desired properties of the matrix that depend on the purpose of the structure 

are to minimize moisture absorption, have low shrinkage, it should be wet and 

should bond to fibre. It should have elongation greater than fibre which would 

result in appreciable strength and modulus. During curing process matrix should 

penetrate the fibre bundles and should avoid voids. Matrix should be elastic in 

nature to be able to transfer load to fibres. It should have good chemical and di-

mensional stability. The main aim of the composite manufacturing process are to 

achieve a uniform product by controlling fibre thickness, fibre volume, fibre di-

rections and by minimizing voids.  

1.3 DESIGN OF COMPOSITES 

The design process for composites involves both laminate design and component 

design and must also include considerations of the manufacturing process and 
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eventual environmental exposure. These steps are all interdependent with com-

posites and therefore the most effective design must involve true concurrent en-

gineering.  

 

Figure 1.2 Design considerations for composites 

The design of composite structures is complicated by the actual fact that each 

different material property used must be defined as shown in figure 4.2. Compo-

sites cannot be designed without concurrence. Design details rely on tooling and 

processing and assembly & inspection. Good structural design may be a compro-

mise between design requirements and constraints. As shown in figure 4.3, the 

event process for any component consists of design, analysis and manufacturing 

process. 

 

Figure 1.3 Composite design concurrence 

1.4 NANOTECHNOLOGY IN COMPOSITES 

Nanotechnology is one of the foremost popular areas in current research and de-

velopment in all technical disciplines. It shows great promise for providing many 

breakthroughs within the near future. This can change the direction of technolog-

ical advances during a wide selection of applications. It may be defined because 
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the science and engineering involved within the design, synthesis, characteriza-

tion, and application of materials and devices whose smallest functional organi-

zation in a minimum of one dimension is on the scale of nano meter. Nanotech-

nology is additionally defined because the manipulation of materials, measuring 

100 nm or less in a minimum of one dimension where the physical, chemical, and 

biological properties are fundamentally different from those of the majority ma-

terial. The major advantages of nano composites involves improvement of me-

chanical properties with increased stiffness without flexibility loss and dimen-

sional stability being improved. With nano composites better scratch resistance 

can be achieved and considerably better thermal and chemical stability.    

1.5 ARAMID FIBRES 

Aramid fibre is that the generic term for a selected form of 'aromatic polyamide 

fibre.' Kevlar aramid, an organic fibre with high specific tensile modulus and 

strength. This was the primary organic fibre to be used as a reinforcement in ad-

vanced composites. Aramid fibre is manufactured by extruding a polymer solu-

tion through a spinneret. The organic fibre Kevlar, also called aramid, essentially 

revolutionized pressure vessel technology thanks to its great lastingness and con-

sistency as well as denseness leading to weigh more weight effective designs for 

rocket motors. Aramid composites have relatively poor shear and compression 

properties; careful design is requires for his or her use in structural applications 

that involve bending or compression. Excellent vibration-damping characteristics 

are achieved for composites reinforced with aramid fibres.  Aramid fibre is com-

paratively flexible and difficult. Composites with aramid was initially being im-

plemented for its applications intended to weight saving was critical like in outer 

space vehicles, components of aircraft, missile structure and helicopter parts. Ar-

amid showed its armour applications by the superior ballistic and performance of 

structure. 
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Figure 1.4 Aramid Kevlar Fabric 

Table 1.1 Properties of different types of Kevlar 

Nominal Properties of Aramid Fibre 

Tensile Property Unit 
Type of Kevlar 

29 49 149 

Modulus GPA 83 124 173 

Strength GPA 3.6 3.85 3.4 

 

 

1.6 SUMMARY 

In this chapter we have discussed about  

 Composites in general, advanced composites and need of Nanotechnol-

ogy in composites.  

 We have also given brief overview of Matrix and Fabric in composites, 

its role and advantages.  

 Design consideration for composite manufacturing is also been covered 

in this chapter. 

 General description about Aramid Fibre with some basic properties and 

difference between majorly used different types of Kevlar in ballistic ap-

plications. 
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CHAPTER 2  

LITERATURE REVIEW 
 

2.1 LITERATURE SURVEY  

 

Raghavendra et al. (2015) studied the influence of micro/nano alumina (Al2O3) 

on the mechanical properties of epoxy/jute fiber (J)/glass fiber (G) laminates was 

studied. It was also found that nanofiller-added composites show better results 

when compared with and without microfiller-added composites. The morphology 

of the surfaces was examined by scanning electron microscopy to have better 

insight into the flexural and tensile mechanism. 

 

Nidhi Sharma et al. (2019) studied the influence of MWCNT addition on such 

properties as the density, hardness, fracture toughness, and wear behavior of both 

conventionally sintered and SPSed Al2O3–MWCNT composite. The plots sug-

gest that the wear resistance of Al2O3–MWCNT composites improves signifi-

cantly when MWCNT is introduced into the Al2O3 matrix up to a low loading 

level of 3 vol%. Al2O3-based composites are potential engineering materials pos-

sessing superior mechanical as well as tribological properties. 

  

Zhang Hui et al. (2010) has investigated the mechanical properties of nano-alu-

mina-filled E-54/4, 4-diaminodiphenylsulphone (DDS) epoxy resins prepared by 

combining high-speed mixing and three-roll milling. Transmission electron mi-

croscopy revealed a homogeneous dispersion of nano-alumina with small ag-

glomerates in epoxy resin (TEM). The addition of nano-alumina fillers increased 

the nanocomposites' static/dynamic modulus, tensile strength, and fracture tough-
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ness all at the same time. When compared to the unfilled epoxy resin, nanocom-

posite filled with 18.4 wt percent alumina nanofillers increased KIC and GIC by 

about 50% and 80%, respectively. Furthermore, scanning electron microscopy 

(SEM) and atomic force microscopy (AFM) techniques were used to examine the 

corresponding fracture surfaces of tensile and compact tension samples in order 

to identify the relevant fracture. 

 

Minjie Wu et al. (2020) has also investigated the effects of Al2O3 nanoparticles 

on the mechanical properties of the composites by tensile and impact tests. For 

the prepared nanocomposite with 3.0 wt.% of Al2O3 addition, the tensile strength, 

elongation at break and impact strength reached 74.83 MPa, 10.63% and 13.79 

kJ/m2, and were improved by 82.60%, 33.38% and 63.58%, respectively, com-

pared with those of pure epoxy resin.  

 

Raouf Belgacemi et .al (2020) has prepared a unique hybrid material from various 

amounts of silane surface modified alumina nanoparticles, oxidized ultra-high 

molecular weight polyethylene (UHMWPE) fibers, and epoxy resin. The me-

chanical results, namely tensile and bending, confirmed the positive effects of 

increasing the nanofillers amounts up to 5 wt%. The thermochemical properties 

analyzed by dynamic mechanical analysis (DMA) revealed consequent improve-

ments in the storage modulus and glass transition temperature upon the addition 

of the nanophase. 

 

AHI Mourad et al. (2020) have reported the fabrication and characterization of 

high-strength Kevlar epoxy composite sheets for structural application. This pro-

cess includes optimization of the curing conditions of composite preparation, 

such as curing time and temperature, and the incorporation of nanofillers, such as 
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aluminum oxide (Al2O3), silicon carbide (SiC), and multi- walled carbon nano-

tubes (MWCNT) in different weight percentages. In this study, the highest me-

chanical strength was obtained at 0.5% MWCNT incorporation.  

 

SAB Hasan et al. (2014) investigated that Composites with the addition of alu-

mina nanofillers show improvement in mechanical properties. The influence of 

the size and shape of the alumina fillers and the loading on the mechanical prop-

erties of the prepared composite were studied using Nanoindentation measure-

ments and dynamic mechanical analysis. It was observed that both alumina 

whiskers and spherical alumina nanoparticles added to the matrix improved the 

mechanical properties of the composites, but the improvement was significantly 

higher with reinforcement by alumina whiskers.  

 

P Vasanthkumar et al. (2019) studied and investigated a polymer in which Sea-

shell particulates of size 75 μm size are reinforced in the matrix of nylon 66, a 

thermoplastic polymer, to improve its properties by forming a polymer matrix 

composite. Sea Shells’ great mechanical properties are due to both their nanoscale 

structure and their combination of inorganic and organic materials. EDX spec-

trum shows maximum peak values of calcium and oxygen and SEM micrograph 

shows mostly equalized seashell particles. Apart from this, uniform distribution 

of seashells is obtained by reinforcing them with the nylon 66 polymer matrix. 

 

X Li et al. (2007) this article focus on the Seashells that have long been identified 

as natural armor materials. Seashells are composed of about 95% inorganic arag-

onite (a mineral form of CaCO3), with only 1% of organic biopolymer by volume. 

They exhibit superior structural robustness, despite the brittle nature of their ce-

ramic constituents (CaCo3).  The nanoparticle structured aragonite platelets are 
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not brittle in nature but somewhat ductile. The nanoparticle rotation and defor-

mation are the two prominent mechanisms contributing to energy dissipation.  

 

BV Ramnath et al. (2018) studied the mechanical and chemical properties of the 

shells were checked for their mechanical properties such as tensile strength, fine-

ness, fracture property, crushing strength, abrasiveness, etc. At the end of the 

study, some suggestions have been made regarding where the potential of seashell 

composites to act as biomaterials as filler materials in concretes in civil engineer-

ing, as artistic composites with better mechanical properties, etc. 

 

WASBW Mohammad et al. (2017) has investigated the properties of chemical 

and mechanical such as specific gravity, chemical composition, compressive 

strength, tensile strength and flexural strength of concrete produced using partial 

replacement of cement by seashells ash. Results show that the optimum percent-

age of seashells as cement replacement is between 4 – 5%. 

 

R karthick et al. (2014) investigated the hardness and tribological characteristics 

of a PMMA-based denture composite reinforced with seashell nanopowder. The 

PMMA biocomposites contained 2%, 4%, 6%, 8%, 12%, 16%, and 20% by 

weight of seashell nanopowder. Scanning Electron Microscopy was used to in-

vestigate the wear mechanism and dispersion of seashell nanopowder in the spec-

imen (SEM). It was concluded that PMMA biocomposite could be successfully 

reinforced by seashell nanopowder, with better properties at 12% seashell na-

nopowder content, followed by 8% filled composite. 
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Montazeri et al. (2010) has discussed the fabrication technique of MWCNT. The 

effect of MWNT addition and their surface modification on the mechanical prop-

erties were investigated. The fracture surfaces of MWNT/epoxy composite sam-

ples were analyzed by scanning electron microscope. 

 

Sharma et al. (2018) investigated the interlaminar properties of the structural 

composite. The maximum flexural strength, tensile strength and storage modulus 

which reached 215 MPa, 356 MPa and 40 GPa, respectively for KE. SEM analy-

sis confirmed the impregnation of Kevlar fabric with MWCNT webbed epoxy 

and transformation in the mode of failure due to impregnation 

 

Gemi et al. (2017) Multi-walled CNT and three distinct ceramic nanoparticles 

(Ferrous oxide, Silicon dioxide and Alumina) reinforcements on epoxy were in-

vestigated in this study. In all testing, the weight percent of these additives was 

held constant at 0.5 wt percent. Tensile tests were used to characterize the me-

chanical properties. To ensure the reliability of the test results, statistical analysis 

was performed. A scanning electron microscope was used to investigate the frac-

ture surfaces (SEM). Statistical analysis revealed that all additives increased ten-

sile strength, with SiO2 and providing ferrous oxide the greatest increase. It was 

also found that the highest reproducibility was obtained in the Alumina reinforced 

epoxy.  

Lailesh Kumar et al. (2021) has proposed and investigated that the significant 

increment in mechanical and wear properties mainly originates from the fine-

grain strengthening effects. A significant improvement was found in relative den-

sity, hardness and wear resistance of the nanostructured Al-MWCNT composites 

up to the addition of 2 wt% of the MWCNTs as compared with as-received Al 

and its composites. It was also investigated that the hardness of nanostructured 
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Al-2 wt% MWCNT composite (800 MPa), which is five times higher than as-

received Al (170 MPa). Hardness and wear resistance were found to be inversely 

proportional to crystallite size and porosity. 

B.G Demczyk et al. (2001) conducted pulling and bending tests on individual 

carbon nanotubes in-situ in a transition electron microscope. Based on the obser-

vation of the force required to break the tube, a tensile strength of 0.15 TPa was 

computed. The study suggests that these unique properties support the potential 

of nanotubes as reinforcement fibers in structural materials.   

L. Sorrentino et al. (2014) has presented both the performance of composite ar-

mors made up of Kevlar 29 fabrics that were impregnated by thermosetting resin 

and the reliability of an analytical model to predict the ballistic limit velocity. 

Albert Manero et al. (2015) showcases the influence of nano-particle additives 

on the energy absorption of the composite via the Kevlar® 29 fibers correspond-

ing to residual Raman spectral shifts. It has indicated that different mechanisms 

employed by the two different nano-additives enhance V50 ballistic performance 

by 7.3% and 8% respectively over baseline panels with a 1% weight addition of 

nano and micro-sized particles by matrix toughening, cavitation, and strengthen-

ing of the fiber-matrix interface. 

 

S. Rajesh et al. (2018) investigated the tensile property of a Kevlar composite 

prepared by hand layup method which has four layers of Kevlar laminate. Mor-

phological analysis was performed using Scanning Electron Microscope to ob-

serve the internal structure of composite fibres after testing. The result showed 

that Kevlar has good tensile strength and hence can be a good alternative conven-

tional material for many applications in engineering industries. 
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J.A.Bencomo-Cisneros et al. (2012) has presented results from tensile tests on 

single Kevlar-29 filaments, to characterize their intrinsic behavior under quasi-

static loading, and nanoindentation tests, to evaluate their cross-section mechan-

ical properties. The findings reveal that the elastic modulus measured in the fiber 

cross-section is lower than that obtained in the longitudinal direction due to the 

high anisotropy of the fibers. 

 

Sushmita Naik et al. (2020) has done a systematic review on Kevlar, an aramid 

fibre used on a large scale in defense, aerospace, biomedical and automobile in-

dustries. Discussion on research pertaining to Kevlar fibre reinforced composites 

has been carried out with a focus on structural features and characterization, de-

velopment, application in various engineering and allied sectors, failure mecha-

nisms after ballistic impact and methods used in the analysis. 

  

M.H. Lafitte et al. (1982) A variety of tensile cyclic and steady loading conditions 

have been applied to single Kevlar-29 fibres. The dispersion in tensile strengths 

of the samples tested was correlated to the distribution of faults in the fibre rather 

than differences in diameter between samples. Cyclic loading was observed to 

cause both longer and shorter lifetimes than steady loads equal to the maximal 

cyclic load. Longer lifetimes indicated creep failure, but lower lifetimes, found 

with larger load amplitudes, indicated fatigue failure. Because of the complicated 

splitting that happens in all cases, there was no difference in the fracture mor-

phologies of Kevlar-29 fibres broken under simple tensile, fatigue, and creep con-

ditions. 

 

R Gokuldass et al. (2019) has investigated the mechanical properties and fracture 

toughness of woven fabric Glass/Kevlar-based hybrid composite tailored using 

modified epoxy with micro rubber and nano silica. The epoxy was modified with 

https://www.sciencedirect.com/science/article/abs/pii/S0925838811021153#!
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the addition of 9% micro rubber and 11% of nano silica by weight fraction. At 

the accumulate layer stacking sequence, the composite with nano silica as rein-

forcement had the highest tensile and flexural strength of 275 and 162 MPa, re-

spectively. The fractographic results revealed the dispersion of nano additions as 

well as hybrid composite fracture characteristics. These mechanically toughened 

epoxy composites could be used in mechanical applications requiring high damp-

ing. 

 

TJ Singh et al. (2015) has studied the mechanical and thermal characterization of 

Kevlar fibre and its composites. Mechanical properties such as shear strength, 

flexural strength, and compressive strength of the aramid fibre composite is been 

studied.  

 

Suhad D et al. (2016) at a 35% weight fraction, has evaluated the tension, com-

pression, and tensile-compression fatigue behaviour of six layers of Kevlar hy-

bridized with one layer of woven kenaf reinforced epoxy. Fatigue tests were per-

formed, and they were loaded cyclically at 60%, 70%, 80%, and 90% of their 

ultimate compressive stress. The findings provide a comprehensive description 

of tensile and compressive properties and could be utilized to forecast fatigue-

induced failure causes. 

 

JAM Ferreira et al. (2012) has studied the fatigue strength of a Kevlar/epoxy lam-

inate composite as well as the advantages of using a nanoclay-filled epoxy matrix. 

The filler was an organoclay Cloisite 30B that had been treated with an appropri-

ate silane and other unique compounds to increase dispersion and interface ad-

herence. Hand lay-up of twelve ply laminates of woven bidirectional Kevlar 292 

in the same direction was performed using an SR 1500 epoxy resin. A vacuum 

moulding procedure was used to create the composite sheets. The inclusion of 
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nanoclays decreased static strength while increasing stiffness under tension and 

bend loading. Filled composites had tensile fatigue strengths that were 13% 

greater than unfilled matrices, but their fatigue strength in three-point bending 

was lower. 

(Ahmet Erklig) et al. (2017) has evaluated the charpy impact and tensile proper-

ties effect of hybridizing Kevlar and glass fibers by impacting each side of the 

hybrid composite samples, a series of Charpy impact tests were performed to de-

termine the amount of impact strength and absorbed energy. When the hybrid 

samples were impacted on the surface of the Kevlar side, they demonstrated 

greater impact resistance than the glass side impact. The degree of hybridization 

effects revealed that the insertion of Kevlar layers rather than glass layers con-

tributed significantly to the total composite laminate's impact strength and ab-

sorbed energy. 

 

2.2 RESEARCH GAP  

Through the extensive literature review done in this chapter, it is seen that exper-

imentation with mixing MWCNT with nano additives like seashell and nano alu-

mina with a Kevlar matrix-based composite material is not performed. It is also 

seen that material properties like mechanical, impact and fatigue are not investi-

gated on the combination which we have proposed in this project work.  

 

2.3 SUMMARY 

 This Chapter includes a systematic literature review on the research topics 

which are relevant to the project. Various articles on Composite materials 

with nano additives, fabrication process, material properties, mechanics, 

etc. were studied.  

 Through the literature review, the research gap is identified.  
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CHAPTER 3  

METHODOLOGY 
 

This research paper explains An Experimental Study of Mechanical and Impact 

behaviour of Nanofiller Infused Kevlar based Composites. It involved extended 

and individualized Primary Research with Understanding fundamental theories 

and concepts, performing literature review, conceptualizing the research gap and 

identifying current problems faced by the industry. Robust planning was done on 

how to develop, fabricate, test and analyse the composite plates. Work flow chart 

was prepared to maintain the project time frame discipline. Understanding of ex-

pected loads and conditions, such as strain rate and service temperature was con-

sidered. It was important to understand the design window for the geometry of 

design of composites.  

An extensive literature review was performed on mechanical and impact behav-

iour of various nanofiller infused Kevlar composites. The most widely used nan-

ofillers that affected the mechanical and impact behaviour of nanofillers include 

Carbon Nanotubes (CNTs), graphite, nano alumina, nano seashell, Nanoclay, 

nano silica, etc. The mechanical and impact properties were significantly seen to 

improve on addition of nano alumina, CNT individually. The literature review 

was done by following PRISMA analysis method where we initially found all the 

journal papers related to nanofiller infused Kevlar composites which we then 

shortlisted by searching specific key words like mechanical properties, impact 

properties, nano alumina, nano seashell, CNTs, etc. The abstracts of the papers 

were read and the most relevant papers to our study were taken into consideration 

for the literature review. After reviewing about 30 papers extensively, basic 

choices of filler percentages to be taken for experimentation were decided. For 
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an article to be included in the study, the following criteria were followed to scru-

tinize and shortlist the same: the articles were original studies that provided novel 

contributions to the field of nano filler incorporated composites, not a review ar-

ticle by itself and are in English. The articles that were not included in the study 

were literature review papers, incomplete experimental or theoretical studies, ab-

stracts, case report studies and articles that did not have nano filler reinforcement 

for the composites. 

Initially, the research aimed on finding out the optimum ratio of nano alumina 

and nano seashell to be used to get the best mechanical and impact properties by 

keeping the ratio of CNTs constant as 0.25% wt. After critical analysis of the 

property enhancement provided by the three nano fillers individually, for nano 

alumina the rations were chosen as 1%, 3% and 6% wt. and for nano seashell they 

were chosen as 1%, 3% and 7% wt. An extensive study had to be performed to 

find the most viable method of mixing the nano fillers into the resin in a homog-

enous way. Various researchers previously used the method of ultra-sonication to 

do the same. An Ultrasonicator does the job of homogenously mixing the fillers 

into the resin so the property of the mixture doesn’t vary throughout its composi-

tion. The timing for ultra-sonication of each filler depends on the individual filler 

property which ranged between 2 hours for nano seashell + MWCNT mixture to 

4 hours for the alumina + MWCNT mixture at a frequency of 33 kHz. After the 

ultra-sonication was done, the method of preparation of the composite plates 

came into action. Hand lay-up method was chosen to fabricate the plates for its 

various advantages like it is a very cost effective method, the process being very 

simple and need of minimum equipment, less sophistication required and allow-

ing a freedom of a wide range of sizes and shapes of composite plates. 
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After extensive literature survey, the resin that was weighed was taken for fabri-

cation of the plate was equal to the weight of all the layers of Kevlar combined. 

After the fabrication was done, specimens required for various tests were cut out 

of the plate by water-jet cutting method by following the ASTM standards like 

ASTM 3039 for tensile test, ASTM D790 for flexural test, ASTM D256 for 

Charpy Impact test and ASTM D2433 for inter-laminar test. The tests were per-

formed on the respective machines like tensile test, flexural test and inter-laminar 

test on the universal testing machine and impact test on the Charpy Impact Test 

equipment. The standard procedure for performing each test as prescribed by the 

respective standards was followed to perform each test and results were obtained. 

After acquiring the data sets from the computerised UTM and manually noting 

down values for the Charpy Impact test, calculations of required quantities for 

each test were performed. The formulae required for the same were obtained from 

the literature survey and various parameters like stress, strain, flexural modulus, 

flexural stress, impact energy, impact strength etc. All these values were calcu-

lated for all the given ratios of nanofillers and the graphs were plotted as to ob-

serve how the mechanical and impact properties changed with change in filler 

percentage. The consolidated trends gave a clear idea on the appropriate ratio of 

alumina and sea shell nanofiller to be used in order to have a positive and desira-

ble effect on the mechanical and impact properties of Kevlar based composites.  
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CHAPTER 4 

SEASHELL + MWCNT 
 

4.1 INTRODUCTION 

Composites are a macroscopic combination of two or more different materials 

with separate recognizable interfaces that separate them. Composites are combi-

nations of high performance resin matrices and various combinations of fibers 

that change the traditional engineer's approach and enable matrix alloys for spe-

cific structural implementations. Improved materials, analysis and manufacturing 

methods have pushed traditional composite structures to new performance limits. 

The main aim of composites is to achieve better results compared to traditional 

metal parts. 

Advanced composites usually made from high performance fibers and / or resins 

have historically been popular in the aerospace and defense sectors, and in many 

sporting goods. Engineering composites have been manufactured over decades 

primarily from materials such as E-glass fiber reinforced plastics and polyesters, 

some low temperature performance epoxy, or various engineering thermoplastics 

commonly referred to as fiber reinforced plastics or FRP. 

Fillers have the ability to improve mechanical characteristics. In modern compo-

sites, fibers and particles are embedded in a matrix of other materials. With in-

creasing global recognition, the use of natural fibers in composites is steadily in-

creasing. Similarly, the ability of seashells as fillers in the modern world is being 

investigated. The seashell is a natural nanocomposite with excellent mechanical 

strength and toughness. The most important properties such as hardness, tough-

ness, water absorption, compressive strength and tensile strength are satisfied by 

various seashells. Composites made from seashells are tested for a variety of me-
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chanical properties such as toughness, tensile strength, impact strength and bend-

ing strength. Carbon nanotubes are extremely suitable as fillers for polymer com-

posites due to their unique properties such as high electrical and thermal conduc-

tivity, ultra-high mechanical strength, and high length / diameter ratio (~ 1000) 

at nano scale diameter values. It's interesting. 

Limitations to advanced composites are focused on cost of raw materials and fab-

rication. Its transverse properties may be weak and with low toughness as matrix 

is weak. Analysis is difficult as it is subject to matrix environmental degradation. 

Composite fabrication process is labor-intensive. Advanced composites allow 

very less margin of error and could put whole design system into loop for slight 

deviation from targeted results.   

4.2 PREPARATION OF NANO SEASHELL 

Seashells of different sizes are collected from sea shore and hammered down to 

lowest possible size. They are then processed in Planetary Ball Milling machine 

for 6-8 hours until seashell was broken down to nano size. This nano seashell 

powder prepared is known as Seashell Nanofiller which was further used to in-

vestigate the mechanical property enhancement when infused with Kevlar fibre 

at different filler ratios by % wt. Preparation process is shown in Figure 4.1 to 

Figure 4.4 as a flow sheet. 
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Figure 4.1 Seashells 

 

 

Figure 4.2 Hammered Seashells 

 

 

Figure 4.3 Ball Milling Machine 

 

 

Figure 4.4 Nano Seashell Powder 
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4.3 MORPHOLOGICAL STUDIES OF NANO SEASHELL 

Morphology, or the study of form, which includes shape, size, and structure, is 

critical for materials research in general. Morphology is very important for 

nanostructured materials, also known as nano materials, since shape determines 

physical and chemical characteristics of the material itself.  

The scanning electron microscope (SEM) is a powerful and frequently used in-

strument, The SEM has an extremely large depth of focus and is therefore well 

suited for topographic imaging. The specimen is bombarded by a convergent 

electron beam, which is scanned across the surface. This electron beam generates 

a number of different 52 types of signals, which are emitted from the area of the 

specimen where the electron beam is impinging, SEM was employed to monitor 

the surface morphologies as shown in Figure 4.5 and Figure 4.6. 

 

Figure 4.5 SEM Image of Nano Seashell 

 

Figure 4.6 SEM Image of Nano Seashell 
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X-ray diffraction (XRD) is a rapid analytical technique primarily used for phase 

identification of a crystalline material and can provide information on unit cell 

dimensions. The analysed material is fine, homogenized and average bulk com-

position is determined as shown in Figure 4.7.  

 

Figure 4.7 XRD of Nano Seashell 

 

Figure 4.8 EDS of Nano Seashell 

Table 4.1 Elemental Concentration of Nano Seashell 

Element Weight% Atomic% 

C 49.10 60.10 

O 38.56 35.43 

Mg 0.07 0.04 

K 0.05 0.02 

Ca 11.67 4.28 

Mn 0.18 0.05 

Fe 0.01 0.00 

Zn 0.35 0.08 

Totals 100.00  
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4.4 FABRICATION OF PLATES 

4.4.1 Plates with Neat Kevlar 

Dimensions: 320 mm × 320 mm 

Thickness of Plate: 2.4-2.7 mm 

No of Kevlar Layers: 7 -8 (0.3 mm thickness each) 

Total Mass of Kevlar = 140 g – 160 g 

Mass of Resin LY556 = 140 g – 160 g 

Mass of Hardener = 15 g 

Hand Lay-up Method of Fabrication of composites 

First Kevlar material is cut into plate dimensions of 320 mm × 320 mm layers 

and then according to the thickness of fabricated plate required no of layers of 

Kevlar to be stacked was decided. The weight of all layers of Kevlar to be stacked 

together is measured using the weighing balance. Weight of Kevlar layers is noted 

down and equal mass of Epoxy LY556 is measured in a clean glass beaker after 

tearing glass beaker weight on weighing balance.  

 

Figure 4.9 Kevlar Fabric of 320 mm × 320 mm 
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Figure 4.10 Epoxy LY556 measured 

Two ceramic plates for Hand Lay-up were cleaned by applying Acetone and 

properly cleaning each corner neatly. Mylar sheets were cut exactly to the dimen-

sions of the ceramic plates. Wax was applied on ceramic plates and on both sides 

of Mylar Sheet properly.  

The weight of glass beaker filled with epoxy was torn to zero on weighing balance 

and then Hardener HY951 was poured into the resin with 1:10 ratio weight of 

epoxy and then the epoxy-hardener mixture was thoroughly mixed. A brush was 

taken and the mixture is initially applied on one of the Mylar layers and the first 

layer of the stack of Kevlar is put on top of it. After that again another layer of 

the resin + hardener mixture is spread on the layer and next layer is put on top. 

The process is repeated for all the layers of Kevlar. It is important to make sure 

that proper wetting is occurring while applying the resin at each layer. After the 

top most layer of Kevlar is coated with resin, the Mylar sheet is put on top. With 

the help of rollers, excess resin which might be present in between the layers of 

Kevlar is extracted by simply rolling the roller in the Mylar sheet. After this is 

done, the second ceramic plate was put on top the set up that was later topped by 

dead weights to help make the plates firm. The set up was left undisturbed for 24 

hours to give the time for the composite plate to cure. Next day, the fabricated 

composite plate could be removed out of the set up.  
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Figure 4.11 Applying Epoxy-Hardener Mixture 

 

Figure 4.12 Dead weights for curing of composite plates 

Specimen sizing according to ASTM Standards of tests to be performed was 

marked on Fabricated Kevlar Plate for Water Jet Cutting. Specimens for various 

mechanical and impact properties were tested and then analysis of the data was 

done for detailed report.  

 

Figure 4.13 Fabricated Kevlar Composite Plate 
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Figure 4.1 Specimen sizing according to ASTM Standards of tests to be performed marked on Fabri-

cated Kevlar Plate for Water Jet Cutting 

4.4.2 Plates with Seashell + CNT 

Dimensions: 320 mm × 320 mm 

Thickness of Plate: 2.4 mm 

No of Kevlar Layers: 8 (0.3 mm thickness each) 

Total Mass of Kevlar = 160 g 

Mass of Resin LY556 = 160 g 

Mass of Hardener = 15 g 

Weight of MWCNT= 0.25 g 

Weight of 1% Seashell nanofiller by weight of epoxy = 1.4 g 

Weight of 3% Seashell nanofiller by weight of epoxy = 4.8 g 

Weight of 7% Seashell nanofiller by weight of epoxy = 11.2 g 

Hand Lay-up Method of Fabrication of composites 

First Kevlar material is cut into plate dimensions of 320 mm × 320 mm layers 

and then according to the thickness of fabricated plate required no of layers of 

Kevlar to be stacked was decided. The weight of all layers of Kevlar to be stacked 
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together is measured using the weighing balance. Weight of Kevlar layers is noted 

down and equal mass of Epoxy LY556 is measured in a clean glass beaker after 

tearing glass beaker weight on weighing balance. 

 

Figure 4.2 Kevlar Fabric of 320 mm × 320 mm 

 

Figure 4.3 Epoxy LY556 measured 

On digital weighing balance MWCNT of 0.25 g is measured and kept aside. Sim-

ilarly weight of 1% Seashell nanofiller, 3% Seashell nanofiller and 7% Seashell 

nanofiller by weight of epoxy is measured and kept aside. 

 

Figure 4.4 MWCNT OF 0.25 g  
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Figure 4.5 Seashell Nanofiller 

In the glass beaker with epoxy, MWCNT and Seashell nanofiller measured ac-

cording to the ratio of plate to be fabricated were added. The mixture was mixed 

well with a stirrer. Conventionally hand stirring is done for 1 hour on the epoxy-

nanofiller mixture and later it is kept for Ultra sonification in the 33 KHz fre-

quency Ultrasonicator for 1 hour and 30 min to make uniform mixture of epoxy-

nanofiller and to avoid agglomeration of nanofiller and MWCNT particles in the 

mixture. 

 

Figure 4.6 Sonification of Epoxy-nanofiller mixture 

Two ceramic plates for Hand Lay-up were cleaned by applying Acetone and 

properly cleaning each corner neatly. Mylar sheets were cut exactly to the dimen-

sions of the ceramic plates. Wax was applied on ceramic plates and on both sides 

of Mylar Sheet properly.  

The weight of glass beaker filled with epoxy was torn to zero on weighing balance 

and then Hardener HY951 was poured into the resin with 1:10 ratio weight of 

epoxy and then the epoxy-hardener mixture was thoroughly mixed. A brush was 
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taken and the mixture is initially applied on one of the Mylar layers and the first 

layer of the stack of Kevlar is put on top of it. After that again another layer of 

the resin + hardener mixture is spread on the layer and next layer is put on top. 

The process is repeated for all the layers of Kevlar. It is important to make sure 

that proper wetting is occurring while applying the resin at each layer. After the 

top most layer of Kevlar is coated with resin, the Mylar sheet is put on top. With 

the help of rollers, excess resin which might be present in between the layers of 

Kevlar is extracted by simply rolling the roller in the Mylar sheet. After this is 

done, the second ceramic plate was put on top the set up that was later topped by 

dead weights to help make the plates firm. The set up was left undisturbed for 24 

hours to give the time for the composite plate to cure. Next day, the fabricated 

composite plate could be removed out of the set up.  

 

Figure 4.7 Applying Resin + Seashell nanofiller+ MWCNT Mixture on Kevlar plates 

 

Figure 4.8 Dead weights for curing of composite plates 
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Specimen sizing according to ASTM Standards of tests to be performed was 

marked on Fabricated Kevlar Plate for Water Jet Cutting. Specimens for various 

mechanical and impact properties were tested and then analysis of the data was 

done for detailed report.  

4.5 MECHANICAL & IMPACT TESTS ANALYSIS FOR 

PREPARED SPECIMENS 
 

Tensile, flexural, tension shear, and inter-laminar shear tests were carried out at 

room temperature (250C) on an INSTRON universal testing machine a capacity 

of 100 KN. Load-displacement data were obtained from the DAQ system con-

nected to a computer unit and machine used for testing. Five to six samples were 

tested for each test, and the average value was calculated and reported along with 

standard deviation in the report.  

4.5.1 TENSILE TEST – ASTM D3039 

The tensile tests and their properties, i.e., ultimate tensile strength, Elastic modu-

lus, Strain to failure of the fabricated Kevlar plates, were conducted and evaluated 

according to the ASTM D3039 at a constant cross-head speed of 2 mm/min. The 

tests specimens were cut from the fabricated plates using an abrasive water jet 

cutting method with 250 mm length and 25 mm width. The load-elongation 

curves obtained from the tensile tests were used to calculate engineering stress 

and strain measurements. 
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Figure 4.9 INSTRON Universal Testing Machine 

 

Figure 4.10 Tensile Test Specimen fixed in UTM Fixture 

The test process involves placing the test specimen in the testing machine and 

slowly extending it until it fractures. During this process, the elongation of the 

gauge section is recorded against the applied force. The data is manipulated so 

that it is not specific to the geometry of the test sample. The elongation measure-

ment is used to calculate the engineering strain, ε, using the following equation:  

 

Where ΔL is the change in gauge length, L0 is the initial gauge length, and L is 

the final length. The force measurement is used to calculate the engineering 

stress, σ, using the following equation:  
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Where F is the tensile force and A is the nominal cross-section of the specimen. 

The machine does these calculations as the force increases, so that the data points 

can be graphed into a stress–strain curve.  

4.5.1.1 Plain Neat Kevlar 

From the Stress-Strain Curve obtained from the tensile test, maximum stress point 

is observed and marked on graph as Ultimate Tensile Strength (UTS) for Neat 

Kevlar specimens as shown in Figure 4.24.  

Mean Ultimate Tensile Strength is calculated for the set of specimens of Neat 

Kevlar tested and Standard Deviation is marked.  

 

Figure 4.11 Engineering Stress - Strain Graph for Neat Kevlar Specimens 

Later graph is selected till UTS Point and Linear slope is calculated for the initial 

linear curve of the graph from 0 to UTS point. The slope m, obtained is the 

Young’s Modulus of the Neat Kevlar tested specimen. Mean Young’s Modulus 

is calculated for the set of specimens tested of Neat Kevlar and Standard Devia-

tion is marked. 
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4.5.1.2 Seashell 1 % + 0.25 % MWCNT 

From the Stress-Strain Curve obtained from the tensile test, maximum stress point 

is observed and marked on graph as Ultimate Tensile Strength (UTS) for Kevlar 

infused with 1% Seashell nanofiller and 0.25% MWCNT specimen as shown in 

Figure 4.25.  

Mean Ultimate Tensile Strength is calculated for the set of specimens tested and 

Standard Deviation is marked.  

 

Figure 4.12 Engineering Stress - Strain Graph for Seashell 1% + 0.25% MWCNT Specimens 

 

Later graph is selected till Ultimate Tensile Strength Point and Linear slope is 

calculated for the initial linear curve of the graph from 0 to UTS point. The slope 

m, obtained is the Young’s Modulus of the Kevlar infused with 1% Seashell nan-

ofiller and 0.25% MWCNT specimen. 

Mean Young’s Modulus is calculated for the set of specimens tested and Standard 

Deviation is marked. 
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4.5.1.3 Seashell 3 % + 0.25 % MWCNT 

From the Stress-Strain Curve obtained from the tensile test, maximum stress point 

is observed and marked on graph as Ultimate Tensile Strength (UTS) for Kevlar 

infused with 3% Seashell nanofiller and 0.25% MWCNT specimen as shown in 

Figure 4.26.   

Mean Ultimate Tensile Strength is calculated for the set of specimens tested and 

Standard Deviation is marked.  

 

Figure 4.13 Engineering Stress - Strain Graph for Seashell 3% + 0.25% MWCNT Specimens 

 

Later graph is selected till Ultimate Tensile Strength Point and Linear slope is 

calculated for the initial linear curve of the graph from 0 to UTS point. The slope 

m, obtained is the Young’s Modulus of the Kevlar infused with 3% Seashell nan-

ofiller and 0.25% MWCNT specimen. 

Mean Young’s Modulus is calculated for the set of specimens tested and Standard 

Deviation is marked. 
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4.5.1.4 Seashell 7 % + 0.25 % MWCNT 
 

From the Stress-Strain Curve obtained from the tensile test, maximum stress point 

is observed and marked on graph as Ultimate Tensile Strength (UTS) for Kevlar 

infused with 7% Seashell Nanofiller and 0.25% MWCNT specimen as shown in 

Figure 4.27.  

Mean Ultimate Tensile Strength is calculated for the set of specimens tested and 

Standard Deviation is marked.  

 

Figure 4.14 Engineering Stress - Strain Graph for Seashell 7% + 0.25% MWCNT Specimens 

Later graph is selected till Ultimate Tensile Strength Point and Linear slope is 

calculated for the initial linear curve of the graph from 0 to UTS point. The slope 

m, obtained is the Young’s Modulus of the Kevlar infused with 3% Seashell nan-

ofiller and 0.25% MWCNT specimen. 

Mean Young’s Modulus is calculated for the set of specimens tested and Standard 

Deviation is marked. 
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Table 4.2 Comparative Analysis of UTM and Young's Modulus for different Seashell Nano-

filler content 

S. No Nanofiller Content 
Ultimate Tensile Strength 

(MPa) 

Young's Modulus 

(MPa) 

1 Neat Kevlar 334.17 ± 27.11 6890.47 ± 632.44 

2 
Seashell 1 % + 0.25 % 

MWCNT 
387.50 ± 22.64 7195.13 ± 87.15 

3 
Seashell 3 % + 0.25 % 

MWCNT 
404.33 ± 24.44 8110.7 ± 570.91 

4 
Seashell 7 % + 0.25 % 

MWCNT 
433.67 ± 5.44 8680.7 ± 1255.15 

 

 

Figure 4.15 Comparative Analysis of UTM and Young's Modulus for different Seashell Nan-

ofiller content 

Based on the comparative study for Tensile test done for various Neat Kevlar 

specimens and Kevlar infused with different percentage of Seashell nanofiller and 

0.25% MWCNT specimens, it is concluded that there is gradual increment in val-

ues of Ultimate Tensile Strength and Young’s Modulus as we increase the Sea-

shell nanofiller percentage up to 7%. We can see increment of around 23% in 

Ultimate Tensile Strength and increment of around 21% in Young’s Modulus for 
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Kevlar infused Seashell nanofiller with MWCNT at 7% nano seashell filler con-

tent w.r.t Neat Kevlar.   

4.5.1.5 Failed Specimens 

 

Figure 4.16 Failed Tensile Test Specimens 

 

Figure 4.17 Failed Tensile Test Specimen 

 

As the load is applied ahead of Ultimate Tensile Stress the fibre pull out begins 

and matrix interface is sheared and specimen crack initiation begins. Later on 

continuous load application we can see brittle failure and specimen crack is 

formed as it can be seen in figure 4.29 and figure 4.30.  

Crack formation 

after Tensile Test 
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4.5.1.5.1 SEM Images of Failed Tensile Test Specimens 

 

Figure 4.18 SEM Image of Failed Tensile Test Specimen 

 

Figure 4.19 SEM Image of Failed Tensile Test Specimen 

 

4.5.2 3 POINT BENDING TEST – ASTM D790  

The effect of seashell nanoparticles on the flexural properties of specimens was 

characterized at the crosshead speed of 2 mm/min by applying a point at the cen-

tre of the specimen using the INSTRON universal testing machine. The length 

and width of the Kevlar specimens used for this test as per ASTM D790 were 

12.7 mm and 125 mm, respectively, with a span length of 40 mm. One of the 

typical setup arrangements is shown in the figure below. Flexural stress and flex-

ural Strain were calculated by using the load and displacement values in the fol-

lowing equations given below respectively for the known width, thickness and 

span length:  
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𝜎𝑓 =  1.5 𝐿𝑢
𝑊 𝑡2⁄  

∈𝑓 =
6𝑡𝛿

𝑍2
 

Where, 𝜎𝑓 & ∈𝑓  are the flexural strength and Strain, respectively; L and u are the 

flexural load and displacement, respectively; w and t are the width and thickness 

of the specimen, respectively; Z is the span length of the specimen.  

Efl = L3 m/4bh3 

Where, Efl is Flexural Modulus, L represents the support span length, Pf is the 

maximum flexural load and m denotes the slope of the initial linear portion of the 

load v/s deflection curve. 

 

Figure 4.20 3 Point Bending Test Setup 

   

Figure 4.21 3 Point Bending Test of Specimen 
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4.5.2.1 PLAIN NEAT KEVLAR 

 

Figure 4.22 Load v/s Cross Head Travel for Neat Kevlar Specimens 

4.5.2.2 SEASHELL 1% + 0.25% MWCNT 

 

 

Figure 4.23 Load v/s Cross Head Travel for 1% Seashell + 0.25% MWCNT infused Kevlar 

Specimens 
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4.5.2.3 SEASHELL 3% + 0.25% MWCNT 

 

Figure 4.24 Load v/s Cross Head Travel for 3% Seashell + 0.25% MWCNT infused Kevlar 

Specimens 

4.5.2.4 SEASHELL 7% + 0.25% MWCNT 

 

 

Figure 4.25 Load v/s Cross Head Travel for 7% Seashell + 0.25% MWCNT infused Kevlar 

Specimens 
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Table 4.3 Flexural Stress Variation in different Seashell filler content 

Flexural Stress Variation in Seashell 

FILLER % Flexural Stress (N/mm2) 

0 121.15 ± 35.38 

1 98.44 ± 70.71 

3 39.45 ± 9.23 

7 115.63 ± 4.90 

 

Figure 4.26 Flexural Stress Variation in different Seashell filler content 

Table 4.4 Flexural Strain Variation in different Seashell filler content 

SEASHELL Flexural Strain Variation 

Filler % Flexural Strain 

0 0.08 ± 0.02 

1 0.04 ± 0.01 

3 0.06 ± 0.02 

7 0.07 ± 0.01 
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Figure 4.27 Flexural Strain Variation in different Seashell filler content 

Table 4.5 Flexural Strength Variation in different Seashell filler content 

SEASHELL Flexural Strength Variation 

Filler % Flexural Strength (N/mm2) 

0 20.27 ± 7.99 

1 9.75 ± 2.53 

3 6.92 ± 2.41 

7 24.04 ± 4.52 

 

 

 

Figure 4.28 Flexural Strength Variation in different Seashell filler content 
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Using the Flexural Modulus Formula, put necessary parameters into the formula 

and calculate it for each set of specimens and further calculate Mean and Standard 

Deviation and tabulate it. Later compare the Flexural Modulus for Plain Neat 

Kevlar specimens and Seashell nanofiller with MWCNT infused Kevlar at differ 

ratios.  

Table 4.6 Comparative Analysis of Results obtained by 3 point bending test 

S. No Nanofiller Content 
Flexural Stress 

(N/mm^2) 

Flexural 

Strain 

Flexural Modulus 

(N/mm^2) 

1 Neat Kevlar 121.15 ± 35.38 0.08 ± 0.02 5990.196 ± 1299.967 

2 
Seashell 1 % + 0.25 % 

MWCNT 
98.44 ± 70.71 0.04 ± 0.01 7328.908 ± 2488.292 

3 
Seashell 3 % + 0.25 % 

MWCNT 
39.45 ± 9.23 0.06 ± 0.02 3690.573 ± 621.2975 

4 
Seashell 7 % + 0.25 % 

MWCNT 
115.63 ± 4.90 0.07 ± 0.01 9151.841 ± 476.9786 

 

Based on the comparative study for 3 Point Bending test done for various Neat 

Kevlar specimens and Kevlar infused with different percentage of Seashell nan-

ofiller and 0.25% MWCNT specimens, it is concluded that there is gradual dec-

rement in values of  Flexural Stress till 3% Seashell filler and then an increment 

in Flexural stress till 7% seashell filler content. There is not much appreciable 

change in Flexural Strain values with addition of seashell nanofiller content with 

neat Kevlar. We can see variation in Flexural Modulus as we increase the Seashell 

nanofiller percentage up to 7%.  
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4.5.2.5 Failed Specimens 

 

Figure 4.29 Failed 3 Point Bending Test Specimens 

 

Figure 4.30 Failed 3 Point Bending Test Specimens 

As point load is applied on simply supported beam, it bends in the sagging manner 

and maximum deflection is at centre of beam. Load is transferred layer by layer 

and matrix supports the fibers from breaking. Top layers are in compression and 

bottom layers are in tension. When maximum load bearing point is attained the 

fiber layers break and matrix interface is sheared and specimen attains U shape 

as it can be seen in figure 4.42 and figure 4.43.    

4.5.3 INTERLAMINAR SHEAR TEST (ILSS) – ASTM D2344 
 

The short beam shear test (ILSS)  was conducted in accordance with ASTM 

D2344 at a cross-head rate of 1 mm/min and the results were reported using the 

INSTRON universal testing machine.  In order to allow for lateral movement, 

each FMLs specimen was placed on two roller supports, with the load being 

placed directly in the centre of the FMLs specimen. In this experiment, the beam 

was loaded until failure occurred, and the failure load was used to calculate the 

apparent interlaminar shear strength (ILSS) of the specimen.                                   

The length and width of the specimens used for this test as per ASTM D2344 

were 40 mm and 15 mm, respectively, with a span length of 24 mm.  

Failure of Spec-

imen after 3 

Point Bending 

Test 
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After test is performed Load v/s Cross Head Travel graph is plotted for each spec-

imen and Flexural Modulus is calculated for every specimen. Mean and Standard 

Deviation is calculated and the data is tabulated.   

4.5.3.1 PLAIN NEAT KEVLAR 

 

Figure 4.31 Load v/s Cross Head Travel for Neat Kevlar Specimens of ILSS 

4.5.3.2 SEASHELL 1% + 0.25% MWCNT 

 

Figure 4.32 Load v/s Cross Head Travel for Neat Kevlar Specimens of ILSS 
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4.5.3.3 SEASHELL 3% + 0.25% MWCNT 

 

Figure 4.33 Load v/s Cross Head Travel for 3% Seashell + 0.25% MWCNT infused Kevlar 

Specimens of ILSS 

4.5.3.4 SEASHELL 7% + 0.25% MWCNT 

 

Figure 4.34 Load v/s Cross Head Travel for 7% Seashell + 0.25% MWCNT infused Kevlar 

Specimens of ILSS 
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Table 4.7 Variation of Flexural Modulus for different Seashell Fillers content 

Seashell Filler % Interlaminar Shear Strength (MPa) 

0 5.78 ± 0.63 

1 4.76 ± 2.53 

3 2.80 ± 0.51 

7 5.59 ± 0.60 
 

 

 

Figure 4.35 Variation of Flexural Modulus for different Seashell Fillers content 
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4.5.3.5 Failed Specimens 

 

Figure 4.36 Failed ILSS Test Specimen 

 

Figure 4.37 Failed ILSS Test Specimen 

As point load is applied on simply supported beam, it bends in the sagging manner 

and maximum deflection is at centre of beam. Load is transferred layer by layer 

and matrix supports the fibers from breaking. Top layers are in compression and 

bottom layers are in tension. When maximum load bearing point is attained the 

fiber layers break and matrix interface is sheared and specimen attains U shape 

as shown in figure 4.49 and figure 4.50.  

4.5.4 CHARPY IMPACT TEST – ASTM D256 

The Charpy impact test, also known as the Charpy U-notch test, is a standard-

ized high strain-rate test which determines the amount of energy absorbed by a 

material during fracture. Absorbed energy is a measure of the materi-

al's notch toughness. It is widely used in industry, since it is easy to prepare and 

conduct and results can be obtained quickly and cheaply. 

Failure of Spec-

imen after ILSS 

Test 



52 | P a g e  
 

 

The apparatus consists of a pendulum of known mass and length that is dropped 

from a known height to impact a notched specimen of material. The energy trans-

ferred to the material can be inferred by comparing the difference in the height of 

the hammer before and after the fracture (energy absorbed by the fracture event). 

The notch in the sample affects the results of the impact test, thus it is necessary 

for the notch to be of regular dimensions and geometry. For this test we have 

referred ASTM D256 with specimen dimensions of 75 mm x 13 mm having a U-

notch at centre of 5 mm depth.  

Test hammer is raised up to top position and locked. Specimen is kept at exact 

centre position with U-notch facing opposite to the impact of hammer. Position 

of arrow reader is kept at 0. Hammer lock is released and hammer is allowed to 

impact the specimen freely. Specimen breaks at notch position and Energy ab-

sorbed is noted.  

Test is repeated for every sample and later mean and Standard Deviation is cal-

culated for each set of specimens to tabulate the results.  

 

 

Figure 4.38 Charpy Impact Testing Setup 
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Figure 4.39 Absorbed Energy Reader 

Table 4.8 Variation of Impact Strength with different Seashell filler content 

Seashell Filler % Energy Absorbed (J) Impact Strength (MPa) 

0 2.35 ± 0.55 31.25 

1 2.65 ± 0.98 35 

3 3.52 ± 0.48 47 

7 2.58 ± 0.47 34.45 

 

 

Figure 4.40 Variation of Impact Strength for different Seashell Filler content 

Based on the comparative study of Impact Strength of Plain Neat Kevlar with 
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with increment in Seashell Nanofiller content till 3% by wt. we can see gradual 

increasing trend with around 33.51 % and then again starts to dip when it comes 

to 7% seashell nanofiller content but still showing greater Impact strength than 

plain neat Kevlar specimens.  

4.5.5 Failed Specimens 

 

Figure 4.41 Failed Charpy Impact Test Specimen 

 

Figure 4.42 Failed Charpy Impact Test Specimen 

V- Notch Specimen is allowed to get Impact from the machine rod, Strain Energy 

is absorbed and fracture is attained at notch area and specimen is cracked into two 

halves as shown in figure 4.54 and figure 4.55.  

4.5.6 SHEAR TEST- ASTM D7078 

The effect of seashell nanoparticles on the shear properties of specimens was 

characterized at the crosshead speed of 2 mm/min by applying a shearing force 

of the specimen using the SHIMADZU Universal Testing Machine. The length 

and width of the Kevlar specimens used for this test as per ASTM D7078 were 

76 mm and 56 mm, respectively, with a span length of 31 mm. One of the typical 

setup arrangements is shown in the figure below. 

Failure of Specimen 

after Charpy Impact 

Test 
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Figure 4.43 Universal Testing Machine for Shear Test 

   

Figure 4.44 Shear testing fixture attached in UTM 

Shear stress and Shear Strain were calculated by using the force and stroke values 

in the following equations given below respectively for the known width, thick-

ness and span length:  

𝜎𝑠 =  𝐹
𝑤 𝑡⁄  

∈𝑓 = tan ((
𝑠

31
) ∗ 0.0174) 

Where, 𝜎𝑠 & ∈𝑓  are the shear stress and Strain, respectively; F and s are the shear 

load and stroke, respectively; w and t are the width and thickness of the specimen, 

respectively; 31 is the shearing length of the specimen.  
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ASTM D7078 is a V-notched rail shear testing method that is widely 

used to determine the in-plane shear characteristics of composite mate-

rials. 

 

Figure 4.45.  Shear Test Specimen fixed in the testing fixture 

 

4.5.6.1 PLAIN NEAT KEVLAR 

 

Figure 4.46 Shear Stress vs Shear Strain Graph for Neat Kevlar Specimens 
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4.5.6.2 SEASHELL 1% + 0.25% MWCNT 

 

 

Figure 4.47 Shear Stress vs Shear Strain Graph for 1% Seashell + 0.25% MWCNT infused 

Kevlar Specimen  

 

4.5.6.3 SEASHELL 3% + 0.25% MWCNT 

 

Figure 4.48 Shear Stress vs Shear Strain Graph for 3% Seashell + 0.25% MWCNT infused 

Kevlar Specimens 
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4.5.6.4 SEASHELL 7% + 0.25% MWCNT 

 

 

Figure 4.49 Shear Stress vs Shear Strain Graph for 7% Seashell + 0.25% MWCNT infused 

Kevlar Specimens 

 

Based on the comparative study of Maximum Shear Stress of Plain Neat Kevlar 

with Kevlar infused Seashell Nanofiller with MWCNT specimens it is concluded 

that with increment in Seashell Nanofiller content till 3% by wt. we can see grad-

ual decreasing trend and then again starts to increase when it comes to 7% sea-

shell nanofiller content with values close to that of Neat Kevlar showing greater 

Maximum Shear Stress in plain neat Kevlar specimens that seashell nanofiller 

infused Kevlar specimens.  

0.00

5.00

10.00

15.00

20.00

25.00

30.00

35.00

40.00

0 0.001 0.002 0.003 0.004 0.005 0.006

S
h
ea

r 
S

tr
es

s 
(N

/m
m

2
)

Shear Strain

Shear Test- Seashell 7%

SS7ST1

SS7ST2

SS7ST3



59 | P a g e  
 

 

 

Figure 4.50 Variation of Maximum Shear Stress for different Seashell filler content 

4.5.6.5 Failed Specimens 

 

Figure 4.51 Failed Shear Test Specimen 

  

Figure 4.52 Failed Shear Test Specimen 

32.468

14.613 14.296

31.45

0

5

10

15

20

25

30

35

40

0 1 2 3 4 5 6 7 8

M
ax

im
u
m

 S
h
ea

r 
S

tr
es

s 
(N

/m
m

2
)

Seashell Filler %

Variation of Maximum Shear Stress for Seashell

Failure of Spec-

imen after 

Shear Test 



60 | P a g e  
 

 

As the fixture with shear test specimen is allowed to pull, inter laminar fibres 

shear with matrix interface. Shearing occurs at central axis of Shearing length. 

After maximum shear load bearing capacity of the fibre-matrix, complete defor-

mation of the sample is seen in Figure 4.64 and Figure 4.65.  

 

 

4.6  SUMMARY 

In this chapter we have discussed about 

 General Introduction to Seashell and Preparation of nano seashell with 

morphological study of nano seashell involving XRD & SEM Imaging and 

EDS of nano seashell. 

 Fabrication of neat Kevlar and nano seashell infused Kevlar composites 

plates is been explained in great detail. 

 Mechanical and Impact test analysis for the specimens is done which in-

cludes namely Tensile Test, 3 Point Bending Test, ILSS Test, Charpy Test 

and Shear Test to study the mechanical and impact property variation after 

adding seashell nanofiller to neat Kevlar.    
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CHAPTER 5  

ALUMINA + MWCNT 
 

5.1 GENERAL INTRODUCTION 

The addition of different nanofillers enhances the properties of polymer com-

posites in which Alumina nanofillers are considered as one of the well-estab-

lished nanofiller due to their excellent mechanical, thermal and Tribological 

properties. Al2O3 nanoparticles and Al2O3 Nano fibres increase the mechanical 

strength of the composites, due to their reinforcing effect on the epoxy matri-

ces. Al2O3 nanoparticles have a porous morphology (Vinay SS, 2020). Al2O3 

is a ceramic material, which is used as a reinforcing filler component in both 

micro and nano sizes. The micro and nanofiller are in the size range of 20–70 

mm and 120–40 nm, respectively. Nano- Al2O3 is prepared by using alumin-

ium nitrate monohydrate (Al (NO3)39H2O) and citric acid in the auto com-

bustion process. (Raghavendra, 2015). The alpha aluminium oxide nanoparti-

cles from the United States are coated with the aluminic ester (Al2O3: alu-

minic ester = 98.1:1.2, alpha, 60 nm, super hydrophobic higher lipophilic). 

According to the MSDS, the aluminium acid ester coating's composition is 

Al2O3: aluminic ester 98.1 wt. percent: 1.2 wt. percent. Because of their phase 

stability, high hardness, and dimensional stability, these nanoparticles are 

widely employed (Omar M. Yousri, 2017). To improve the qualities of epoxy 

resins, several nanoparticles such as graphite nano fibre, carbon nanotubes, 

Nanoclay, cellulose nano fibre, and nano alumina have been used. It is widely 

acknowledged that the enormous surface-to-volume ratio of nano scale incor-

porations plays an important role in mechanical property enhancement. The 

increased need for nanomaterial’s is due to the fact that novel chemical and 
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physical properties can be obtained when nano sized fillers are added to poly-

mer matrixes, but a single molecule or the identical material without a nano-

filler does not display such advantages (Abdollah Omrani, 2009). Alumina 

nano powder has a surface area of 300–700 square meters per gram.  Individ-

ual fibres are manufactured using electro-explosion of metal wire, and they 

appear linear and co-mingled in a bundle under a TEM microscope. The fibres 

feature unique sorption capabilities, as well as cationic and anionic chemisorp-

tion properties, such as the ability to scavenge precious and heavy metals from 

water. They are agglomerated along the length of the axis. The alumina nano 

fibres also exhibit aspect ratios greater than 20, and several of the fibres appear 

to be hundreds of nano meters long   (S.A. Meguid, 2003).  

Table 5.1 Properties of Alumina Nano powder 

Properties Alumina Nan powder 

Size 2–4 nm in diameter 

Young’s Modulus 300 GPA 

Tensile Strength 2000 MPa 

Aspect Ratio 20–80 

Surface Area 300–700 m2/g 

 

One of the most cost-effective and commercially feasible materials is alumina. 

It has a melting point of ~2071 ° C. and a density of 3.75-3.95 gm/cc.  Aside from 

these characteristics, its bulk modulus is ~324 GPA, its compressive strength is 

in the 2000-4000 MPa range. Alumina has a fracture toughness of ∼5 MPa and a 

coefficient of thermal expansion of 10.9 x 10-6/K. Despite its outstanding func-

tional qualities, alumina's uses are limited due to its low fracture toughness. Sig-

nificant attempts have been made to increase the fracture toughness of alumina by 

the use of nanofillers or novel sintering methods such as spark plasma sintering 

(SPS) (Nidhi Sharma, 2019). 
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5.2 MORPHOLOGICAL IMAGES OF NANO ALUMINA 

Morphology, or the study of form, which includes shape, size, and structure, is 

critical for materials research in general. Morphology is very important for 

nanostructured materials, also known as nano materials, since shape determines 

physical and chemical characteristics.  

The scanning electron microscope (SEM) is a powerful and frequently used in-

strument, The SEM has an extremely large depth of focus and is therefore well 

suited for topographic imaging. The specimen is bombarded by a convergent 

electron beam, which is scanned across the surface. This electron beam generates 

a number of different 52 types of signals, which are emitted from the area of the 

specimen where the electron beam is impinging, SEM was employed to monitor 

the surface morphologies as shown in the Figure 5.1 to Figure 5.2. 

 

Figure 5.1 SEM Image of Nano Alumina 

 

Figure 5.2 SEM Image of Nano Alumina 
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X-ray diffraction (XRD) is a rapid analytical technique primarily used for phase 

identification of a crystalline material and can provide information on unit cell 

dimensions. The analysed material is fine, homogenized and average bulk com-

position is determined as shown in the figure 5.3. 

 

Figure 5.3 XRD Image of Nano Alumina 

 

Figure 5.4 EDS of Nano Alumina 

Table 5.2 Elemental Concentration of Nano Alumina 

Element Weight% Atomic% 

C  50.95 59.51 

O  41.97 36.81 

Al  7.08 3.68 

Totals 100.00   
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5.3 FABRICATION OF PLATES 

5.3.1 Plates with Alumina + CNT 

Dimensions: 320 mm × 320 mm 

Thickness of Plate: 2.4 mm 

No of Kevlar Layers: 8 (0.3 mm thickness each) 

Total Mass of Kevlar = 160 g 

Mass of Resin LY556 = 160 g 

Mass of Hardener = 15 g 

Weight of MWCNT= 0.25 g 

Weight of 1% Alumina nanofiller by weight of epoxy = 1.6 g 

Weight of 3% Alumina nanofiller by weight of epoxy = 5 g 

Weight of 7% Alumina nanofiller by weight of epoxy = 9.5 g 

Hand Lay-up Method of Fabrication of composites for Alumina + MWCNT 

Plates is same as mentioned above in Section 4.4 of this report.  

 

5.4 MECHANICAL & IMPACT TESTS ANALYSIS FOR 

PREPARED SPECIMENS 
 

Tensile, flexural, tension shear, and inter-laminar shear tests were carried out at 

room temperature (250C) on an INSTRON universal testing machine with a ca-

pacity of 100 KN. Load-displacement data were obtained from the DAQ system 

connected to a computer unit and machine used for testing. Five to six samples 

were tested for each test, and the average value was calculated and reported along 

with standard deviation in the report. 
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5.4.1 TENSILE TEST – ASTM D3039 

 

The tensile tests and their properties, i.e., ultimate tensile strength, Elastic modu-

lus, Strain to failure of the fabricated Kevlar plates, were conducted and evaluated 

according to the ASTM D3039 at a constant cross-head speed of 2 mm/min. The 

load-elongation curves obtained from the tensile tests were used to calculate en-

gineering stress and strain measurements. 

 

Figure 5.5 INSTRON Universal Testing Machine 

The test process involves placing the test specimen in the testing machine and 

slowly extending it until it fractures. During this process, the elongation of the 

gauge section is recorded against the applied force. The data is manipulated so 

that it is not specific to the geometry of the test sample. The elongation measure-

ment is used to calculate the engineering strain, ε, using the following equation:  

 

Where ΔL is the change in gauge length, L0 is the initial gauge length, and L is 

the final length. The force measurement is used to calculate the engineering 

stress, σ, using the following equation:  
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Where F is the tensile force and A is the nominal cross-section of the specimen. 

The machine does these calculations as the force increases, so that the data points 

can be graphed into a stress–strain curve.  

5.4.1.1 Plain Neat Kevlar 

From the Stress-Strain Curve obtained from the tensile test, maximum stress point 

is observed and marked on graph as Ultimate Tensile Strength (UTS) for Neat 

Kevlar specimens.  

Mean Ultimate Tensile Strength is calculated for the set of specimens of Neat 

Kevlar tested and Standard Deviation is marked as shown in the Table 0.3 

 

Figure 5.6 Engineering Stress - Strain Graph for Neat Kevlar Specimens 

Later graph is selected till UTS Point and Linear slope is calculated for the initial 

linear curve of the graph from 0 to UTS point. The slope m, obtained is the 

Young’s Modulus of the Neat Kevlar tested specimen. Mean Young’s Modulus 

is calculated for the set of specimens tested of Neat Kevlar and Standard Devia-

tion is marked. 
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5.4.1.2 ALUMINA 1% + 0.25% MWCNT 

From the Stress-Strain Curve obtained from the tensile test, maximum stress point 

is observed and marked on graph as Ultimate Tensile Strength (UTS) for Kevlar 

infused with 1% Alumina nanofiller and 0.25% MWCNT specimen.  

Mean Ultimate Tensile Strength is calculated for the set of specimens tested and 

Standard Deviation is marked.  

 

Figure 5.7 Engineering Stress - Strain Graph for Alumina 1% + 0.25% MWCNT Specimens 

 

Later graph is selected till Ultimate Tensile Strength Point and Linear slope is 

calculated for the initial linear curve of the graph from 0 to UTS point. The slope 

m, obtained is the Young’s Modulus of the Kevlar infused with 1% Alumina nan-

ofiller and 0.25% MWCNT specimen. 

Mean Young’s Modulus is calculated for the set of specimens tested and Standard 

Deviation is marked. 

5.4.1.3 ALUMINA 3% + 0.25% MWCNT 

From the Stress-Strain Curve obtained from the tensile test, maximum stress point 

is observed and marked on graph as Ultimate Tensile Strength (UTS) for Kevlar 

infused with 3% Alumina nanofiller and 0.25% MWCNT specimen.  
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Mean Ultimate Tensile Strength is calculated for the set of specimens tested and 

Standard Deviation is marked.  

 

Figure 5.8 Engineering Stress - Strain Graph for Alumina 3% + 0.25% MWCNT Specimens 

Later graph is selected till Ultimate Tensile Strength Point and Linear slope is 

calculated for the initial linear curve of the graph from 0 to UTS point. The slope 

m, obtained is the Young’s Modulus of the Kevlar infused with 3% Alumina nan-

ofiller and 0.25% MWCNT specimen. 

Mean Young’s Modulus is calculated for the set of specimens tested and Standard 

Deviation is marked. 

5.4.1.4 ALUMINA 6% + 0.25% MWCNT 

From the Stress-Strain Curve obtained from the tensile test, maximum stress point 

is observed and marked on graph as Ultimate Tensile Strength (UTS) for Kevlar 

infused with 6% Alumina nanofiller and 0.25% MWCNT specimen.  

Mean Ultimate Tensile Strength is calculated for the set of specimens tested and 

Standard Deviation is marked.  
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Figure 5.9 Engineering Stress - Strain Graph for Alumina 6% + 0.25% MWCNT Specimens 

Later graph is selected till Ultimate Tensile Strength Point and Linear slope is 

calculated for the initial linear curve of the graph from 0 to UTS point. The slope 

m, obtained is the Young’s Modulus of the Kevlar infused with 6% Alumina nan-

ofiller and 0.25% MWCNT specimen. 

Mean Young’s Modulus is calculated for the set of specimens tested and Standard 

Deviation is marked. 

Table 5.4 Comparative Analysis of UTM and Young's Modulus for different Alumina Nano-

filler content 

S. No Nanofiller Content 
Ultimate Tensile Strength 

(MPa) 

Young's Modulus 

(MPa) 

1 Neat Kevlar 334.17 ± 27.11 6890.47 ± 632.44 

2 Alumina 1 % + 0.25 % MWCNT 335.25 ± 11.43 7244.7 ± 542.79 

3 Alumina 3 % + 0.25 % MWCNT 404.33 ± 5.91 7370.87 ± 63.81 

4 Alumina 6 % + 0.25 % MWCNT 430.67 ± 4.50 7311.37 ± 210.97 
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Figure 5.10 Comparative Analysis of UTM and Young's Modulus for different Alumina 

Nanofiller content 

 

Based on the comparative study for Tensile test done for various Neat Kevlar 

specimens and Kevlar infused with different percentage of Alumina nanofiller 

and 0.25% MWCNT specimens, it is concluded that there is gradual increment in 

values of Ultimate Tensile Strength and Young’s Modulus as we increase the 

Alumina nanofiller percentage up to 6%. We can see increment of around 22% 

in Ultimate Tensile Strength and increment of around 6% in Young’s Modulus 

for Kevlar infused Alumina nanofiller with MWCNT at 6% nano Alumina filler 

content w.r.t Neat Kevlar.  
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5.4.1.5 Failed Specimens 

 

Figure 5.11 Failed Tensile Test Specimen 

 

Figure 5.12 Failed Tensile Test Specimen 

 

As the load is applied ahead of Ultimate Tensile Stress the fibre pull out begins 

and matrix interface is sheared and specimen crack initiation begins. Later on 

continuous load application we can see brittle failure and specimen crack is 

formed as shown in Figure 5.11 and Figure 5.12.  

Crack formation 

after Tensile Test 
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5.4.1.5.1 SEM Images of Failed Tensile Test Specimens 

 

Figure 5.113 SEM Image of Failed Tensile Test Specimen 

 

Figure 5.14 SEM Image of Failed Tensile Test Specimen 

 

5.4.2 3 POINT BENDING TEST – ASTM D790 

The effect of alumina nanoparticles on the flexural properties of specimens was 

characterized at the crosshead speed of 2 mm/min by applying a point at the cen-

tre of the specimen using the INSTRON universal testing machine. The length 

and width of the Kevlar specimens used for this test as per ASTM D790 were 

12.7 mm and 125 mm, respectively, with a span length of 40 mm. One of the 

typical setup arrangements is shown in the figure below. Flexural stress and flex-
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ural Strain were calculated by using the load and displacement values in the fol-

lowing equations given below respectively for the known width, thickness and 

span length:  

𝜎𝑓 =  1.5 𝐿𝑢
𝑊 𝑡2⁄   

∈𝑓 =
6𝑡𝛿

𝑍2
 

Where, 𝜎𝑓 & ∈𝑓  are the flexural strength and Strain, respectively; L and u are the 

flexural load and displacement, respectively; w and t are the width and thickness 

of the specimen, respectively; Z is the span length of the specimen.  

Efl = L3 m/4bh3  

Where, Efl is Flexural Modulus, L represents the support span length, Pf is the 

maximum flexural load and m denotes the slope of the initial linear portion of the 

load v/s deflection curve. 

 

 

Figure 5.15 3 Point Bending Test Setup 
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5.4.2.1 PLAIN NEAT KEVLAR 

 

Figure 5.16 Load v/s Cross Head Travel for Neat Kevlar Specimens 

 

5.4.2.3 ALUMINA 1% + 0.25% MWCNT 

 

 

Figure 5.17 Load v/s Cross Head Travel for 1% Alumina + 0.25% MWCNT infused Kevlar 

Specimens 
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5.4.2.4 ALUMINA 3% + 0.25% MWCNT 

 

 

Figure 5.18 Load v/s Cross Head Travel for 3% Alumina + 0.25% MWCNT infused Kevlar 

Specimens 

5.4.2.5 ALUMINA 6% + 0.25% MWCNT 

 

 

Figure 5.19 Load v/s Cross Head Travel for 3% Alumina + 0.25% MWCNT infused Kevlar 

Specimens 
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Figure 5.20 Flexural Stress Variation in different Alumina filler content 

Table 5.5 Flexural Strain Variation in different Alumina filler content 

ALUMINA Flexural Strain Variation 

Filler % Flexural Strain 

0 0.08 ± 0.02 

1 0.05 ± 0.02 

3 0.06 ± 0.02 

6 0.06 ± 0.02 

 

 

Figure 5.21 Flexural Strain Variation in different Alumina filler content 
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Table 5.6 Flexural Strength Variation in different Alumina filler content 

ALUMINA Flexural Strength Variation 

Filler % Flexural Strength (N/mm2) 

0 20.27 ± 7.99 

1 10.31 ± 5.16 

3 9.59 ± 3.28 

6 8.07 ± 2.76 

 

 

 

Figure 5.22 Flexural Strength Variation in different Alumina filler content 

 

Using the Flexural Modulus Formula, put necessary parameters into the formula 

and calculate it for each set of specimens and further calculate Mean and Standard 

Deviation and tabulate it. Later compare the Flexural Modulus for Plain Neat 

Kevlar specimens and Alumina nanofiller with MWCNT infused Kevlar at differ 

ratios.  
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Table 5.7 Comparative Analysis of Results obtained by 3 point bending test 

S. No Nanofiller Content 

Flexural 

Stress 

(N/mm^2) 

Flexural 

Strain 

Flexural Modulus 

(N/mm^2) 

1 Neat Kevlar 121.15 ± 35.38 0.08 ± 0.02 5990.196 ± 1299.967 

2 
Alumina 1 % + 0.25 % 

MWCNT 
76.96 ± 7.23 0.05 ± 0.02 6951.904 ± 250.262 

3 
Alumina 3 % + 0.25 % 

MWCNT 
53.91 ± 7.27 0.06 ± 0.02 4838.277 ± 740.628 

4 
Alumina 6 % + 0.25 % 

MWCNT 
47.27 ± 7.56 0.06 ± 0.02 4133.626 ± 542.207 

 

Based on the comparative study for 3 Point Bending test done for various Neat 

Kevlar specimens and Kevlar infused with different percentage of Alumina nan-

ofiller and 0.25% MWCNT specimens, it is concluded that there is gradual dec-

rement in values of Flexural Stress till 6% Alumina filler content. There is not 

much applicable change in Flexural Strain values with addition of seashell nano-

filler content with neat Kevlar. We can see variation in Flexural Modulus as we 

increase the Alumina nanofiller percentage up to 6% as it increases firstly and 

then again dips down.  
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5.4.2.6 Failed Specimens 

 

Figure 5.23 Failed 3 Point Bending Test Specimens 

 

Figure 5.24 Failed 3 Point Bending Test Specimens 

As point load is applied on simply supported beam, it bends in the sagging manner 

and maximum deflection is at centre of beam. Load is transferred layer by layer 

and matrix supports the fibers from breaking. Top layers are in compression and 

bottom layers are in tension. When maximum load bearing point is attained the 

fiber layers break and matrix interface is sheared and specimen attains U shape.     

 

5.4.3 INTERLAMINAR SHEAR TEST (ILSS) – ASTM D2344 

 

The short beam shear test (ILSS)  was conducted in accordance with ASTM 

D2344 at a cross-head rate of 1 mm/min and the results were reported using the 

INSTRON universal testing machine.  In order to allow for lateral movement, 

each FMLs specimen was placed on two roller supports, with the load being 

placed directly in the centre of the FMLs specimen. In this experiment, the beam 

was loaded until failure occurred, and the failure load was used to calculate the 

apparent interlaminar shear strength (ILSS) of the specimen.                                   

Failure of Spec-

imen after 3 

Point Bending 

Test 
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The length and width of the specimens used for this test as per ASTM D2344 

were 40 mm and 15 mm, respectively, with a span length of 24 mm.  

After test is performed Load v/s Cross Head Travel graph is plotted for each spec-

imen and Flexural Modulus is calculated for every specimen. Mean and Standard 

Deviation is calculated and the data is tabulated.   

5.4.3.1 PLAIN NEAT KEVLAR 

 

Figure 5.25 Load v/s Cross Head Travel for Neat Kevlar Specimens of ILSS 

5.4.3.2 ALUMINA 1% + 0.25% MWCNT 

 

Figure 5.26 Load v/s Cross Head Travel for 1% Alumina + 0.25% MWCNT infused Kevlar 

Specimens of ILSS 
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5.4.3.3 ALUMINA 3% + 0.25% MWCNT 

 

Figure 5.27 Load v/s Cross Head Travel for 3% Alumina + 0.25% MWCNT infused Kevlar 

Specimens of ILSS 

 

5.4.3.4 ALUMINA 6% + 0.25% MWCNT 

 

 

Figure 5.28 Load v/s Cross Head Travel for 6% Alumina + 0.25% MWCNT infused Kevlar 
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Table 5.8 Variation of Interlaminar Shear Strength for different Alumina Fillers content 

Variation of Interlaminar Shear Strength for Alumina Fillers 

Filler % Interlaminar Shear Strength (MPa) 

0 5.78 ± 0.63 

1 4.85 ± 1.71 

3 3.34 ± 0.51 

6 3.15 ± 0.71 

 

 

 

Figure 5.29 Variation of Flexural Modulus for different Alumina Fillers content 
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5.4.3.5 Failed Specimens 

 

Figure 5.30 Failed ILSS Test Specimen 

 

Figure 5.31 Failed ILSS Test Specimen 

As point load is applied on simply supported beam, it bends in the sagging manner 

and maximum deflection is at centre of beam. Load is transferred layer by layer 

and matrix supports the fibers from breaking. Top layers are in compression and 

bottom layers are in tension. When maximum load bearing point is attained the 

fiber layers break and matrix interface is sheared and specimen attains U shape.     

5.4.4 CHARPY IMPACT TEST – ASTM D256 

The Charpy impact test, also known as the Charpy U-notch test, is a standard-

ized high strain-rate test which determines the amount of energy absorbed by a 

material during fracture. Absorbed energy is a measure of the materi-

al's notch toughness. It is widely used in industry, since it is easy to prepare and 

conduct and results can be obtained quickly and cheaply. 

Test procedure and details are already discussed in detail in the Section 4.5.4 of 

this report.  

Failure of Spec-

imen after ILSS 

Test 
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Figure 5.32 Charpy Impact Testing Setup 

 

Table 5.9 Variation of Impact Strength of different Alumina nano filler content 

Alumina Filler % Energy Absorbed (J) Impact Strength (MPa) 

0 2.35 ± 0.55 31.25 

1 2.88 ± 0.93 38.46 

3 3.67 ± 0.59 49.01 

7 2.65 ± 0.45 35.39 

 

 

Figure 5.33 Variation of Impact Strength for different Alumina filler content 
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Based on the comparative study of Impact Strength of Plain Neat Kevlar with 

Kevlar infused Alumina Nanofiller with MWCNT specimens it is concluded that 

with increment in Alumina Nanofiller content till 3% by wt. we can see gradual 

increasing trend with around 36 % and then again starts to dip up to 7% seashell 

nanofiller content but still showing greater Impact strength than plain neat Kevlar 

specimens.  

5.4.5 Failed Specimens 

 

Figure 5.34 Failed Charpy Impact Test Specimen 

 

Figure 5.35 Failed Charpy Impact Test Specimen 

V- Notch Specimen is allowed to get Impact from the machine rod, Strain Energy 

is absorbed and fracture is attained at notch area and specimen is cracked into two 

halves as shown in Figure 5.34 and Figure 5.35.  

5.4.6 SHEAR TEST- ASTM D7078 

 

The effect of seashell nanoparticles on the shear properties of specimens was 

characterized at the crosshead speed of 2 mm/min by applying a shearing force 

of the specimen using the SHIMADZU Universal Testing Machine. The length 

and width of the Kevlar specimens used for this test as per ASTM D7078 were 

76 mm and 56 mm, respectively, with a span length of 31 mm. One of the typical 

setup arrangements is shown in the figure below. 

Failure of Specimen 

after Charpy Impact 

Test 
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Figure 5.36 Universal Testing Machine for Shear Test  

Test procedure and details are already discussed in detail in the Section 4.5.6 of 

this report.  

 

Figure 5.37 Shear Test Specimen fixed in the testing fixture 

 

5.4.6.1 PLAIN NEAT KEVLAR 

 

Figure 5.38 Shear Stress vs Shear Strain Graph for Neat Kevlar Specimens 
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5.4.6.2 ALUMINA 1% + 0.25% MWCNT 

 

Figure 5.39 Shear Stress vs Shear Strain Graph for 1% Alumina + 0.25% MWCNT infused 

Kevlar Specimens 

 

5.4.6.3 ALUMINA 3% + 0.25% MWCNT 

 

Figure 5.40 Shear Stress vs Shear Strain Graph for 3% Alumina + 0.25% MWCNT infused 

Kevlar Specimens 
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5.4.6.4 ALUMINA 6% + 0.25% MWCNT 

 

Figure 5.41 Shear Stress vs Shear Strain Graph for 6% Alumina + 0.25% MWCNT infused 

Kevlar Specimens 

Table 5.10 Maximum Shear Stress for different nanofiller content 

S.No Nanofiller Content Mean ± SD 

1 Neat Kevlar 32.468 ± 0.242 

2 Alumina 1 % + 0.25 % MWCNT 15.211 ± 1.013 

3 Alumina 3 % + 0.25 % MWCNT 12.954 ± 0.461 

4 Alumina 6 % + 0.25 % MWCNT 15.118 ± 2.833 

 

Based on the comparative study of Maximum Shear Stress of Plain Neat Kevlar 

with Kevlar infused Alumina Nanofiller with MWCNT specimens it is concluded 

that with increment in Alumina Nanofiller content till 3% by wt. we can see grad-

ual decreasing trend and then again starts to increase when it comes to 6% Alu-

mina nanofiller content with values close to that of Alumina 1% nanofiller in-

fused Kevlar specimens.  
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Figure 5.42 Variation of Maximum Shear Stress for different Alumina filler content 

5.4.6.4 Failed Specimens 

 

 

Figure 5.43 Failed Shear Test Specimen 

  

Figure 5.44 Failed Shear Test Specimen 
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As the fixture with shear test specimen is allowed to pull, inter laminar fibres 

shear with matrix interface. Shearing occurs at central axis of Shearing length. 

After maximum shear load bearing capacity of the fibre-matrix, complete defor-

mation of the sample is seen.   

 

 

5.5 SUMMARY 

In this chapter we have discussed about 

 General Introduction to Alumina with morphological study of nano alu-

mina involving XRD & SEM Imaging and EDS of nano alumina. 

 Fabrication of neat Kevlar and nano alumina infused Kevlar composites 

plates is been explained in great detail. 

 Mechanical and Impact test analysis for the specimens is done which in-

cludes namely Tensile Test, 3 Point Bending Test, ILSS Test, Charpy Test 

and Shear Test to study the mechanical and impact property variation after 

adding alumina nanofiller to neat Kevlar.    
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CHAPTER 6  

CONCLUSION & FUTURE WORKS 
 

6.1 SUMMARY 

It has been observed that symmetric laminates produce better results. Composites 

containing 0.25 percent wt. MWCNT demonstrated the best flexural performance 

and absorbed the most impact energy. Because of the presence of stiff filler ma-

terial, the inclusion of nanofillers changed the material failure behaviour from 

ductile to brittle. Agglomeration occurs when the concentration of nanofiller in-

creases. To understand the performance of composite material, it is very signifi-

cant to investigate its mechanical, Impact, fatigue behaviour, and morphological 

properties. In this work, an attempt has been made in studying the material be-

haviour of neat Kevlar along with the infusion of nano additives like alumina, 

seashell, and MWCNT in varying proportions. Based on the obtained experi-

mental values, graphs were plotted to demonstrate the variation of properties 

when these infusions were made. There is a significant improvement in the Mod-

ulus values of the material, Ultimate tensile strength and Impact strength after the 

incorporation of the nano additives.  

6.2 CONCLUSION  

The Conclusions are as follows: 

 For the combination of Seashell + MWCNT, it is also found that Ultimate 

Tensile Strength is considerably improved. It was observed that, that there 

is a 15.96% improvement in Seashell 1% + 0.25% wt. MWCN, 21% im-

provement in Seashell 3% + 0.25% wt. MWCNT and 29.78% improve-

ment in Seashell 7% + 0.25% wt. MWCNT compared to neat aramid fibre 

composite specimen.  
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 The Ultimate Tensile Strength was improved by 0.32% in Alumina 1% + 

0.25% wt. MWCNT, 21% improvement was found in Alumina 3% + 

0.25% wt. MWCNT and 28.86% improvement in alumina 6 % + 0.25% 

wt. MWCNT compared to neat aramid fibre composite specimen.  

 The Young’s Modulus was improved by 4.42% in Seashell 1% + 0.25% 

wt. MWCNT, 17.7% improvement is seashell 3% + 0.25% wt. MWCNT 

and 26% improvement in Seashell 7% + 0.25% wt. MWCNT compared to 

neat aramid fibre composite specimen.  

 The Young’s Modulus was improved by 5.14% in Alumina 1% ASTMD 

256 6.97% improvement in Alumina 3% + 0.25% wt. MWCNT and 6.1% 

improvement in Alumina 6% + 0.25% wt. MWCNT compared to the neat 

aramid fibre composite specimen. 

 The Impact strength was evaluated by performing Charpy Impact Test 

(ASTMD 256). It was found that there is a 12% improvement in Seashell 

1% + 0.25% wt. MWCNT, for Seashell 3% + 0.25% wt. MWCNT, there 

is a 50% increment in the Impact Strength value.  

  It is also seen that impact properties have significantly improved when the 

combination of Alumina + MWCNT was added.  There is a 23.072% rise 

in Alumina 1% + 0.25% wt. MWCNT and 56.83% improvement in Alu-

mina 3% + + 0.25% wt. MWCNT compared to its neat aramid fibre com-

posite specimen.  

 

6.3 FUTURE WORKS  

 Experimentation and study of bullet Penetration Test for investigation of 

ballistic performance in defence and aerospace applications.  
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APPENDIX 

 Abstract of the paper has been submitted to International Conference on 

Material Science & Engineering (ICMSE) 2022 on 30th April 2022 and 

has been accepted.  

 

 The paper has been checked for plagiarism. 

 First copyright patent on the combination of Nano Alumina + MWCNT 

has been filed from the Institute. 
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