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ABSTRACT
 
Sandwich composites and syntactic foams have historically been used in many
engineering applications to meet the needs of a system. However, there has been minimal
effort to take advantage of the weight saving ability of syntactic foams in the cores of
sandwich composites, especially with respect to the impact response of the structure. The
goal of this experimental study is to investigate the mechanical response and damage
mechanisms associated with sandwich composites with syntactic foam cores. The core
was manufactured using epoxy resin as the matrix and cenospheres as the reinforcement
with varying volume fractions of 0%, 20%, 40%, and 60%. The sandwich composites
were manufactured with the vacuum assisted resin transfer molding (VARTM) process.
Impact tests were performed on the specimens according to ASTM D7766 at two energy
levels: 80J and 160J. The data from the tests was post-processed to gain quantitative
understanding of the damage mechanisms present in the specimens. A qualitative
understanding was obtained through MicroCT scanning imaging. The analysis showed
that increasing the volume fraction of cenospheres in the syntactic foam made the
damage mechanism more desirable, even at high energy levels.
 
 DOI

 10.12783/asc33/25972
 

FULL TEXT:
PDF  

REFBACKS
There are currently no refbacks.

javascript:void(0);
javascript:void(0);
javascript:void(0);
http://www.dpi-proceedings.com/index.php/asc33/issue/archive
http://www.dpi-proceedings.com/index.php/asc33/search/authors
http://www.dpi-proceedings.com/index.php/asc33/search/titles
http://www.dpi-proceedings.com/index.php/asc33/user/register
http://dpi-proceedings.com/index.php/asc33/
http://dpi-proceedings.com/index.php/asc33/user/subscriptions
https://www.destechpub.com/product/proceedings-american-society-composites-thirty-third-technical-conference-composite-materials/
http://www.dpi-proceedings.com/index.php/asc33/article/view/25972/25386


7th International Engineering Symposium - IES 2018  
March 7-9, 2018, Kumamoto University, Japan 

    

  M1-7-1 

 

Flexural response of Cenosphere/Epoxy Syntactic 

Foams 

  
Kiran Shahapurkar1, Mrityunjay Doddamani2 and G. C. Mohan Kumar3 

 

1 Department of Mechanical Engineering, National Institute of Technology Karnataka, 

Surathkal, Mangalore 575025, India. email:kiranhs1588@gmail.com 

2 Department of Mechanical Engineering, National Institute of Technology Karnataka, 

Surathkal, Mangalore 575025, India. email: mrdoddamani@nitk.edu.in 

3 Department of Mechanical Engineering, National Institute of Technology Karnataka, 

Surathkal, Mangalore 575025, India. 

 

 

ABSTRACT: In this work, effect of arctic and room condition on the flexural response of 

fly ash cenosphere/epoxy syntactic foams are investigated. The effect of surface 

modification and filler volume fraction of cenospheres is studied. Understanding the 

suitability of such foams subjected to extreme conditions for prolonged periods of time is 

very critical for marine applications. Syntactic foams were fabricated in as received and 

treated conditions of cenospheres with 20 vol.% in Lapox L-12 epoxy resin. Samples 

were conditioned under arctic environment at a temperature of -60°C for a period of 57 

days. Tests revealed brittle mode of failure for all the samples. Modulus increased 

whereas strength decreases for both untreated and treated syntactic foams compared to 

neat epoxy resin subjected to dry and arctic conditioned environment. Micrographic 

analysis of fractured samples is done to understand the structure-property correlations. 
 
 

Keywords: Flexural, Syntactic foam, Surface modification, Arctic condition. 

 

 

INTRODUCTION 

Syntactic foams are a particular class of 

foam structure, consisting of hollow 

spheres embedded in a continuous matrix. 

The closed-pore structure gives 

advantages of low density, low moisture 

uptake, and excellent mechanical 

properties [1]. Syntactic foams are often 

used as core materials in sandwich 

composites because they ensure high 

rigidity and compressive strength of 

sandwich structures [2]. These foams in 

particular are used in marine and 

aerospace applications due to the light 

weight and favourable properties offered 

[3]. Hollow particles play an important role 

in determining the properties of syntactic 

foams. The hollow particles of glass, 

carbon, fly ash cenospheres, ceramics 

such as Al2O3 and SiC, and polymers have 

been used in syntactic foams. Previous 

researchers have widely investigated the 

behavior of syntactic foams with 

engineering glass microballoons as the 

filler material but studies based on fly 

cenospheres are very scarce. These are 

hollow particles from fly ash, which is an 

industrial waste material and a potential 

environmental pollutant. Use of 

cenospheres in syntactic foams can help 

the environment by minimizing waste, 

while creating foams with better 

properties. In addition to this, the surface 

of cenospheres is modified to check the 

effect of surface modification on the quasi-

static compressive behavior. Majority of 

studies on mechanical properties is carried 

at room temperature [4,5]. Most prevalent 

environmental conditions for marine 

composites is at subzero temperatures. 

For marine vessel with a composite hull 

operating in the Arctic or Antarctic oceans 

is very important. In many of these 

studies the effect of change in cenosphere 

volume fraction on mechanical properties 

of syntactic foams is investigated. 
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Introduction 
Syntactic foams are extensively used in 

various engineering fields like automobile, aerospace, 

marine applications due to their excellent specific 

properties [1]. Syntactic foams are particulate filled 

composites formed when hollow particles are 

dispersed in a matrix resin. Incorporating hard filler 

particles into polymers, synergistic effects are attained 

in the form of higher modulus and reduced material 

cost. Progressive removal of material from a target 

surface due to the repeated impact of solid particles is 

termed as erosion. It is widely recognized that 

polymers and their composites have poor erosion 

resistance and their erosion rates are considerably 

higher than metals. Further erosion is also governed by 

the impingement angle, particle size, shape and 

hardness [2].  

Although, extensive reports are available on 

the erosive behavior of composites [3], studies on 

foams are very scarce. The present work is carried out 

to investigate the solid particle erosion behavior of 

cenospheres reinforced epoxy syntactic foam 

composites. Erosive response of cenospheres with as 

received and silane treated conditions are also 

compared. 

Materials and Methods 

Lapox L-12 epoxy resin with K-6 hardener, 

supplied by Atul, Valsad, Gujarat, India is used as the 

matrix resin. Fly ash cenospheres of CIL 150 grade 

obtained from Cenosphere India Ltd., Kolkata, West 

Bengal, India are used as filler. Syntactic foams are 

prepared with as received and surface modified 

cenospheres. Silane coating on cenospheres is carried 

out using 3-Amino propyl triethoxy silane (APTS), 

obtained from Sigma Aldrich, Bangalore, India. Silica 

sand particles are used as erodent. Syntactic foams are 

fabricated by mixing measured quantity of epoxy resin 

with desired volume fraction of cenospheres until 

uniform slurry is obtained. Subsequently, hardener is 

added to the mixture prior to pouring in aluminium 

mold. The cast slabs are cured at room temperature for 

24 hours. For easy removal of cast slabs, mold is 

coated with silicone releasing agent. Three different 

syntactic foams with varying cenosphere volume 

fraction of 20, 40 and 60% in epoxy matrix are 

fabricated. This procedure is adopted for both as 

received and silane treated cenospheres. Neat epoxy 

samples are also prepared under similar processing 

conditions for comparisons. Erosion tests are 

performed under ambient conditions as per ASTM 

G76 standards on an erosion test rig procured from 

DUCOM, Bangalore, India. Erosion tests are 

performed for four impingement angles (30, 45, 60 and 

90°) and three impact velocites (30, 45 and 60 m/s). 

The samples are coded as per EXX-Y convention, 

where E denotes epoxy resin, XX denotes volume 

fraction of cenospheres and Y represents filler 

modification condition (U-untreated, T-treated 

cenospheres). 

Results and discussion 

Effect of impingement angle and velocity of erodent on 

erosion 

  
                       (a)                                  (b) 

Fig. 1. Steady state erosion for sliding velocity of (a) 

30 and (b) 60 m/s. 

 

It is observed from Fig. 1 that steady-state erosion rate 

is maximum at 30° for neat epoxy and all the syntactic 

foams. Ductile behavior is characterized by maximum 

erosion at low angle of impact, typically between 15 to 

30° and brittle behavior is characterized by maximum 

erosion at normal impact.  

Neat epoxy being relatively brittle exhibits a 

peak erosion at 30°. All syntactic foams with untreated 

and treated cenospheres show a peak erosion rate at 

30° indicating ductile erosive behavior. Low angle of 

impact chips off large pieces of material from the 

surface of the sample. Such events increase erosion 

rate significantly. Increase in impingement angle from 

30° to 90°, decreases the erosion rate linearly for all 

samples. It is reported that no fixed trends are available 

which associate ductility or brittleness of materials 

with maximum or minimum angle of impingement [4].  

With increase in angle of impact, the erodent creates 

an elastic-plastic zone beneath the specimen on impact. 

Once cenosphere particles come in contact with the 

erodent, the magnitude of impact reduces significantly 

cenospheres being hollow. Thereby, the erosion rate 

decreases linearly with increase in impingement angle. 

It is quite clear from Fig. 1 that the erosion of all the 

syntactic foams increases with increase in impact 

velocity. The velocities of the erosive particles have a 

very strong effect on erosion rate of the syntactic 

foams. Erosion behavior of polymer composites is 

characterized by the value of the velocity exponent ‘n’ 

(EαV
n
) [5]. In the present study, the velocity exponent 

‘n’ is in the range of 1.86–2.65, affirming ductile 

behavior (1<n<3) of syntactic foams.  
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Abstract 
The biodegradable materials had become significantly 

advanced since 30 years. The “Biodegradable Metal” itself 

defines the metals & alloys which safely corrode itself in-

vivo. As magnesium its alloys shows great potential as a 

biodegradable metal, it is preferred to use  among Mg based, 

Fe based, Zn based biomaterials. The present review focuses 

on in-vitro studies of mechanical and corrosion behavior of 

AM50 & AZ81 magnesium based alloys as a biodegradable 

implant. 

 

Keywords:Biomedical implants, Mechanical, corrosion, 
Degradation, Mg Alloys. 

Introduction 
Yearly, disease and accidents causes millions of people suffer 
from bone fracture. However, although the current treatment 

using traditional nondegradable biocompatible materials. In 

the present, the biodegradable implants are being considered 

as the alternative for traditional implants. Biomaterials are 

mainly classified as polymers, ceramics, bone cements. But 

the mechanical implants prefer for their mechanical strength, 

toughness with nontoxicity and allergy free elements are 

composed [1]. Also the biodegradable provides the temporary 

support for the facture and starts degrading with matting new 

tissue formation. The presence of scaffold can serve as 

substrate for seeded cells facilate new tissue formation at site 
of injury. Incorporation of drag or bioactive molecule may 

also accelerate new tissue formation [1,2]. 

The designing of biodegradable implants consist following 

important factors firstly material should be degrade over 

definite period.  Secondly, the material should possess 
sufficient mechanical strength to sustain and also the scaffold 

function of material as temporary support should allow space 

the newly generated tissue to replace the defect[3]. As the 

magnesium and its alloy shows preferable mechanical 

property and excellent compatibility with human bone are 

greatly used as biomaterial for the human body implants. 

Mg and its alloys possess active chemical property and also it 

is liable to be corroded in physiological environment after 

implementation without causing any toxicity and side effects. 

Mg plays important role in metabolism of mineral substance 

of bone by boosting the formation of teeth and bone. Mg and 
its alloy are suitable to be used in the blood vessel 

interventation and orthopedic due to close elastic module with 

human bone. With help of process such as extrusion which 

provides three dimensional compressive stresses, Mg alloy 

with high modulus of elasticity is obtained [4,5]. 

After several studies, it comes to know that the corrosion 

behavior of Mg is greatly depends on the alloying element and 

their microstructure. The present work aims to compare the in 

vitro electro chemical degradation behavior of biocompatible 

magnesium alloy such as AZ81 and AM50 etc. alloy the 

corrosion behavior was studied through analysis of corrosion 

resistance variation with immersion time using 
Electrochemical Impedance Spectroscope (EIS) test. 

Corrosion resistance of these treated samples in solution 

simulating the physiological environment will be evaluated by 
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Introduction 

Weight sensitive structures demand higher specific 

properties favouring usage of lightweight polymer matrix 

composites. Hollow particles when embedded in matrix 

resin form the composites known as syntactic foams, 

which are finding applications in marine and aircraft 

structures [1, 2] owing to higher damage tolerance 

coupled with lower weight. Increasing use of syntactic 

foams in automotive and aerospace applications requires 

understanding of their tribological properties. Studies on 

tribological response of polymer matrix syntactic foams 

are relatively scarce. Further, large number of parameters 

involved in wear testing necessitates a clear 

understanding of structure–property correlations. Fly ash 

is a low cost hollow filler, which is recovered from 

industrial waste. If used as filler, it can help in improving 

environment. Detailed investigations of hollow particle 

filled composites are desired to understand the 

mechanisms of wear and damage as considerable 

differences are likely as compared to solid particles.  

 

Materials and Methods 

LAPOX L-12 epoxy with a room temperature curing 

polyamine hardener K-6 containing a tetra-amine 

functional group (Yuje Marketing, Bangalore, India) is 

used as matrix having density of 1192 kg/m
3
. Fly ash 

cenospheres obtained from Cenosphere India Pvt., Ltd., 

Kolkata, India, are used as the filler material having true 

particle density of 920 kg/m
3
. Measured quantity of 

epoxy resin and cenospheres are gently mixed until 

uniform slurry is obtained. Subsequently, hardener is 

added to the mixture prior to pouring in the aluminium 

mold. Mix is allowed to cure for 24 h at room 

temperature. The mold is coated with silicone release 

agent for easy removal of cast slabs. Four types of 

syntactic foams are prepared with varying cenosphere 

content 20, 40 and 60 by vol.%. From the cast slabs, test 

specimens of dimensions 12×12×25.4 mm
3
 are cut using 

a water jet cutter. Dry sliding wear tests are carried out 

under ambient temperature using a pin-on-disc 

tribometer (DUCOM, Bangalore, India) according to 

ASTM G99-05 (2010) standard. A disc made of 

hardened chromium steel (EN-31 hardness 62HRC) is 

used as the counter body against sample. The tests are 

conducted on a track diameter of 120 mm. Wear rate is 

investigated for two variable input parameters namely, 

sliding velocity, ‘V’(2 and 5 m/s) and sliding distance, 

‘D’ (3, 5 and 7 km). Samples are coded as per VX-DY 

convention, where X and Y are values of the respective 

input parameters. All the tests are conducted at applied 

load (L) of 50 N. 

 

Results and discussion 

Wear rate  

Figure 1 presents representative plots of wear rate as a 

function of filler content at different sliding velocities. 

As the filler content increases wear rate decreases for all 

the sliding distances for both, 2 and 5 m/s sliding 

velocities (Figure 1). Cenospheres comprise ceramic 

materials such as alumina and silica. Higher filler 

loadings resists wear by replacing more matrix in the 

system with ceramic content.  

 

The wear rate is observed to be higher at higher sliding 

velocity, which is attributed to increase in frictional 

forces increases. Features for wear surfaces for 20 and 60 

cenosphere vol.% syntactic foams tested at 2 and 5 m/s 

are presented in Figure 2 and Figure 3, respectively. 

Greater plastic flow is observed on the specimens tested 

at higher sliding speeds, which is likely due to increased 

shaer forces leading to plastic deformation of matrix. 

 

  
(a)                                     (b) 

Figure 1. Wear rate at different cenosphere volume 

fractions at sliding velocity of (a) 2 and (b) 5 m/s. 

 

 
Figure 2. SEM of representative (a) 20 and (b) 60 vol.% 

cenospheres syntactic foam specimens tested at 2 m/s. 
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Abstract 

 

Quasi static uni-axial compressive properties of epoxy matrix syntactic foams containing 

cenosphere filler are investigated. Syntactic foams are prepared by stir casting process. Effect 

of surface modification and volume fraction on the compressive strength, modulus and 

energy absorption of syntactic foams is studied. In the present work, syntactic foams 

containing up to 0, 20, 40 and 60 by vol. % of cenospheres are studied. Quasi-static 

compression tests are conducted at a constant strain rate of 10-1 s-1. It is found that the 

strength and modulus decreases linearly with increase in filler content for foams reinforced 

with as received cenospheres as compared to pure samples. However, foams prepared using 

treated cenospheres possess higher strength and modulus than those prepared with as 

received cenospheres and comparable with pure samples. Further, with increase in filler 

content, the energy absorption capacity of as received syntactic foams decreases and 

increases for treated syntactic foams compared to pure samples. Fractographic analyses are 

done to understand the failure mechanisms in these foams.   

 

1. Introduction 

Syntactic foams are a particular class of foam structure, consisting of hollow spheres 

embedded in a continuous matrix. These foams are classified as closed-cell foams because 

the porosity in these materials is enclosed within hollow particles. The closed-pore structure 

gives advantages of low density, low moisture uptake, and excellent mechanical properties 

[1]. Syntactic foams are often used as core materials in sandwich composites because they 

ensure high rigidity and compressive strength of sandwich structures [2]. These foams in 

particular are used in marine and aerospace applications due to the light weight and 
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Abstract 
 

Syntactic foams are closed-cell low-density composites targeted for applications in marine structures due to their naturally 
buoyant behavior and low moisture absorption. Light weight of these foams has been beneficial in weight sensitive 
applications, thermal insulation of pipelines in oil and gas industry. Methods have been developed to tailor the mechanical 
properties of syntactic foams over a wide range, which is a significant advantage over other traditional particulate and 
fibrous composites.Syntactic foams are extensively studied in the published literature for compressive, flexural and 
hygrothermal properties. However, studies on tensile strength of these materials are scarce.Interest in utilizing the 
advantage of low density of syntactic foams in other applications such as aerospace structures and sports equipment has 
made it necessary to characterize these materials for tensile loading and study various parameters affecting their properties.  

 
In the present work, industrial waste fly ash cenosphere is used as a filler in epoxy resin to develop eco-friendly syntactic 
foams using conventional casting route. Further, cenospheres are silane treated to compare the effects of as received and 
surface modified cenospheres on tensile behaviour. The present work characterizes syntactic foams containing up to 0 and 
40 by vol. % of cenospheres. Effect of surface modification and volume fraction on the tensile strength and modulus of 
syntactic foams is studied. Modulus is seen to be increasing with cenosphere content wherein strength decreasesgradually. 
Elastic Modulus for untreated and treated syntactic foams are 75 and 111% higher respectively, whereas tensile strength of 
treated syntactic foams 8% lower, as compared to neat epoxy samples. Microstructure analysis is carried out using SEM to 
understand the behavior of syntactic foams.Higher modulus of hollow particles and few survived particles at higher filler 
loadings increases modulus of foam. Poor interfacial bonding between the constituent compromises on the strength values. 
Surface modification of cenospheres has lead to significant increase of modulus and decrease in strength compared to 
untreated foams and neat samples.  
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Flexural Response of Fly Ash Cenosphere/Epoxy Syntactic Foams
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In the present work industrial waste fly ash cenosphere 40% by volume is used as a filler in
epoxy resin to develop eco-friendly syntactic foams using conventional casting route.

Cenospheres are silane treated to compare the effects of as received' and surface modified
cenospheres on flexural behavior. Neat epoxy samples are prepared and tested under similar

condiiions for comparison. Modulus is seen to be increasing with cenosphere content wherein

strength decreases. Elastic Modulus for untreated and treated syntactic foams are 24 and 38Yo

higher respectively, whereas strength of treated syntactic foams 38% lower, as compared to neat

epoxy samples. SEM is carried out to understand structure-property correlations of the syntactic

foams. Higher modulus of hollow particles and few survived particles at higher filler loadings

increases modulus of foam. Poor interfacial bonding between the cenospheres and epoxy

compromises on the strength values. Surface modification of cenospheres has led to significant

increase of modulus and decrease in strength compared to untreated foams and neat samples.

Keywords : Syntactic foams; fl exural; surface modification; cenospheres.
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A Series of projectile impact tests have been carried out on cross ply carbon/epoxy and different

weight percentages (IYo, 3o/o and 5o/o) of nanoclay dispersed carbon/epoxy laminated composites

of two different thicknesses (3 mm and 5 mm) with a 9.8 mm diameter hemispherical shaped

mild steel projectile for determining the ballistic limit, residual velocity and energy absorption.

These experiments are conducted using a Single stage high speed air gas gun. Using the high-

speed camera, the projectile path is captured. Velocities far higher than the ballistic limit such as

165 m/s, 195 m/s and 220 m/s are considered for investigation of damage mechanisms. The

traditional CFRP composites show poor impact resistance due to their negligible plastic

deformation as compared to metals. The impact performance of these composites can be

enhanced by the clay effect. However, the effect of nanoclay dispersion is found relatively lower

as the velocities are increased far higher than ballistic limit velocities. The optimum clay content

is proposed in the present investigation. There is a significant improvement in impact properties,

as the clay content increases from 0 wto/o to 3 wtYo but beyond 3 wto/o, the properties degrade

which is due to the high stress concentrations attributed to the clay clustering in the higher clay
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Abstract—In India sustainable agriculture development is es-
sential to meet food demands, economic growth and poverty
reduction. Climate change having adverse effect on agriculture
and traditional practices followed are planting, fertilizing and
harvesting against the predetermined schedule. Precision agri-
culture can be used to mitigate the climate change. The work
objective is optimal usage of water in irrigation, proper nutrient
management to plant and avoid crop losses due to diseases and
pests with proper scheduling of sprays. In this context, we have
proposed an agro advisory system for the pomegranate field.
Wireless sensor network is deployed on field and will continuously
monitoring real time environmental, soil, hydrological and crop
specific parameters. Those are important for growth, productivity
and quality in agriculture. An agro advisory will be disseminated
to the farmers according to real time field conditions via SMS
and email. The experimental result analysis of proposed system
shows improvement over traditional followed methods.

Keywords: Agro Advisory, Precision Agriculture, Wire-
less Sensor Network (WSN)

I. INTRODUCTION

India is leading country for pomegranate production. In

last decade, there is sizable growth in area and production.

Pomegranate exportation from country has increased by 3-5

times in this period. It can be taken under varied conditions

of country but better in arid and semi-arid regions. Also it

is one of the fruit crop taken in semi-arid and arid regions

of world. Pomegranate has number of salient features which

distinguish it from others. It has to built-in capability to

withstand drought, moisture deficit, heat and hostile climate.

Due to versatile adaptability, hardy nature, steady but high

yields, better keeping quality, and therapeutic values and

possibilities to throw the plant into rest period when irrigation

potential is normally low, increases the chances for increasing

area under pomegranate in country. It has immense nutritional,

medicinal and economical value[1][2].

Crop losses for pomegranate due to diseases and pests are

quite normal in case of semi-arid region conditions. Bacterial

blight, thrips, fruit borer and wilt in pomegranate are con-

sidered powerful attacks leading to economical loss and force

farmers to repetitive sprays. Figure 1 shows the major diseases

and pests of pomegranate. Agriculture environment is dynamic

entity and changing continuously. Ground water depletion,

soil erosion, attack of new pest and diseases, fragmentation

Fig. 1. Diseases and pests of pomegranate

of land, rural-urban migration and power supply availability

for farm are some of the new challenges presently being

encountered in the agricultural sector. To overcome these

issues we have proposed system called an agro advisory.

Advisory contains the recommendations to the farmer related

to water irrigation, nutrient management and spray scheduling

management for diseases and pests with proper application.

It issues the advisory to the farmer by considering different

parameters and finally application of that on field. As precision

agriculture suggest specific production over particular place,

data collection (weather, soil, water, equipment and labor

costs) and making decision for small piece of field. Decision

making will be done on the basis of real time information

collected and not based on some hypothetical conditions or on
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