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Abstract 
 
This paper investigates the effect of nanosilica on impact and energy absorption properties of sandwich foam-fibre composites. The ma-
terials used in this study are closed-cell aluminum (Al) foam (as the core material) that is sandwiched in between nanomodified basalt 
fiber reinforced polymer (as the face-sheets). The face sheets were made of Basalt Fibre, nanosilica and epoxy polymer matrix. The 
sandwich composite structures are known to have the capability of resisting impact loads and good in absorbing energy. The objective of 

this paper is to determine the influence of closed-cell aluminum foam core and nanosilica filler on impact properties and fracture behav-
ior of basalt fibre reinforced polymer (BFRP) sandwich composites when compared to the conventional glass fibre reinforced polymer 
(GFRP) sandwich composites. The drop impact tests were carried out to determine the energy absorbed, peak load and the force-
deflection behaviour of the sandwich composite structure material. The results showed that the nanomodified BFRP-Al foam core sand-
wich panel exhibited promising energy absorption properties, corresponding to the highest specific energy absorption value observed. 
Also, the result indicates that the Aluminium Foam BFRP sandwich composite exhibited higher energy absorption when compared to the 
Aluminium foam GFRP sandwich composite. 
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1. Introduction 

Sandwich composites have been used in a wide range of applica-
tion in aerospace, automotive, marine and railway industries. This 
is due to their high bending stiffness, low weight, good thermal 
insulation, low weight, acoustic damping, very good corrosion and 
shock resistance among other advantages. A typical sandwich 
structure consists of face-sheets and a core material with high 

energy absorbing capability [1]–[4].  

Typically, the face-sheets are made of advanced glass and carbon 
synthetic fiber reinforced polymer (FRP) composites. The usage 
of natural fibers or mineral fibres in composite materials has been 
motivated by the need for producing structures that are environ-
mentally friendly, cost-effective, recyclable and biodegradable. 
Fiber reinforced polymer composite materials are gaining interest 
mainly from automotive manufacturing for many reasons. In addi-

tion to higher stiffness, fiber reinforced composites provide supe-
rior energy absorption performance over conventional metallic 
structures when compared by weight [5]–[9]. The use of natural 
fibers composite materials as an energy absorber, however, is still 
limited. Juan et al. studied the jute reinforced polyester as face-
sheets to predict the failure mechanism of sandwich composites 
[10]. Basalt fiber is a natural fiber that was utilized as a replace-
ment of the glass fiber due to its high modulus, good strength, 

high energy absorption and elastic behavior traits [11].  Besides, 
basalt becomes more popular as reinforcing material of polymer 
composites. In principle, basalt fiber provides a great balance 
between cost and mechanical performance when compared with 
other glass or carbon synthetic fiber. [12] 

Selection of the high-quality core material is crucial for the opti-
mal sandwich structure design. The use of the aluminum foam as a 

core sandwich structure helps to stabilize the fiber face-sheets 
layer from crushing. Honeycomb core type sandwich panel was 
reported having the lowest density when compared to foam core 
type materials such as polymeric foam and aluminum foam [5]. 
However, honeycomb core sandwich panel has weak interfacial 
adhesion, durability problem and water entrapment inside the 
panels [2], [4], [5], [13], [14]. Besides that, it is difficult to be 
formed into a complex curve shape and also has low strength; 

easily delaminated between the core and face-sheets interfaces. 
Polymeric foams are easy to fabricate because it is cured at low 
temperature. Nevertheless, the polymeric foam materials are not 
suitable to be used with thermoplastic composites because these 
materials cannot withstand high temperature and have low 
strength and very poor core-face sheets interfacial bonding. Thus, 
aluminum foams are the most viable core material which have 
high strength, high-temperature resistance and low density [2]. 

Fazli et al. [2] affirmed that the aluminum foam core with carbon 
FRP face-sheets exhibited good impact properties under the low 
velocity impact.   

Nanosilica is commonly used as a filler in epoxy resin because it 
has good dispersion quality. Moreover, adding nanoparticles into 
the epoxy matrix increases the stiffness of the polymer, hence a 
more efficient stress transfer can be achieved [15].  The nanoparti-
cles inclusion reduces the local stress concentration around the 

fiber/matrix interlayer of which improves the interfacial adhesion; 
enhancing the delamination mechanical performance.  

In this study, the impact properties of basalt fiber and epoxy ma-
trix filled with four different percentages of nanosilica (0wt%, 
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5wt%, 10wt% and 15wt %) as face-sheets in the sandwich compo-
sites are investigated. All samples are tested using drop impact 
tests.  The fractured samples are then observed under optical mi-
croscope and Scanning electron microscope (SEM) in order to 
examine the morphology and fracture mechanisms involved.  

2. Materials and Method 

The aim of this study is to compare the impact response of nano-
modified BFRP sandwich panel when compared to nanomodified 
GFRP sandwich panel. The face – sheets materials were made of  
(i)  commercial thermosetting epoxy resin (MIRACAST 1517 Part 
A) with density 1.13g/cm3, (ii) hardener (MIRACAST 1517 Part 
B), (iii)  Nanosilica (Nanopox F400) filler in four different per-
centages (0wt%, 5wt%, 10wt% and 15wt %), and (iv) basalt fibre 

or glass fiber.  Subsequently, the face-sheets of basalt fiber with 
nanomodified epoxy resin (BFRP face-sheets) and glass fiber with 
nanomodified epoxy resin (GFRP face-sheets) were prepared. The 
closed cell aluminum foam core material was supplied by Innova-
tive Pultrusion Sdn.Bhd.  

Vacuum bagging fabrication method was used to fabricate BFRP 
face-sheets and GFRP face-sheets. The fabrication process in-
volved mixing the epoxy resin with the nanosilica at the required 
percentage (0wt%, 5wt%, 10wt%, and 15wt %) using a mechani-
cal stirrer at 400 rpm for 60-90 minutes. The mixtures were de-
gassed under a vacuum machine for 1 hour.  This procedure is 

performed to degassing the oxygen and eliminating the bubbles in 
the mixture. The hardener was then added into the mixtures and 
stirred evenly. After that, the mixture was spread onto woven bas-
alt fiber mats.  12 face-sheets samples were prepared with the size 
of 300mm x 300mm and 3mm thickness. The procedure was rep-
licated using woven glass fiber mats with similar size and quantity 
prepared. The specimens were degassed by using vacuum bagging 
for about 60 minutes. The face-sheets samples of BFRP and GFRP 

were cured at room temperature for 24 hours. Finally, the prepared 
face-sheets samples and the aluminium foam core material were 
cut into the required specimen size; 50mm x 50mm. 

The sandwich composite structure was prepared by sandwiching 
the aluminium foam core in between the face-sheets material 
(BFRP and GFRP). Nanosilica epoxy paste was used to bond the 
face- sheets layer onto the core, and the structure was placed under 
uniform pressure for 24 hours. This condition allows the nanosili-
ca-epoxy paste to properly cure between the adhered surfaces. The 
schematic view of the sandwich composites is shown in Fig.1. A 
Dynatup drop tower was used for the low-velocity impact test. 

The experimental setup used a 13mm diameter hemispherical tip 
striker with that was set at a constant velocity of 6.7m/s. Drop 
impact test was performed according to the ASTM D3763 stand-
ard. The sandwich panels with dimensions of 50mm x 50mm and 
a nominal thickness of 32mm were fixed onto a pneumatic fixture 
with a 25mm hole diameter. The impact responses of sandwich 
composites such as force, displacement, energy absorbed, time 
and velocity were recorded in the data logger. Fig 2a and 2b show 

the sample of the BFRP and GFRP aluminium foam sandwich 
composites and the Drop impact test machine. 

 
Fig.1. Schematic view of sandwich composites 

 
Fig.2. (a) BFRP and GFRP aluminum foam sandwich composites. (b) 

Drop Impact test 

3. Results and Discussion 

The impact responses of sandwich composites using two different 
face sheets were investigated: basalt fiber and glass fiber with 
different percentage of nanosilica. The nanomodified percentages 
were chosen as 0wt%, 5wt%, 10wt% and 15wt%.  

3.1. Impact Response of the Sandwich Composites 

Four types of samples were tested in this study, using 0wt%, 
5wt%, 10wt% and 15wt% of nanomodified BFRP/GFRP- alumin-
ium foam sandwich composite. The results of the impact test for 
all samples are shown in Table 1 and Table 2. Fig.3 shows the 
impact test result of aluminium foam with nanomodified BFRP 
and nanomodified GFRP face-sheets.  The graph shows that, the 
BFRP nanomodified -15wt% exhibited the highest energy absorp-
tion compared to the BFRP with nanomodified 0wt%, 5wt% and 

10wt%. The presence of nanosilica in BFRP face-sheets enhances 
the energy absorption. The impact force of the BFRP nanomodi-
fied -15wt% achieves the highest value of 17.29 kN.  It was prov-
en that the BFRP face-sheet has high resilience property when 
subjected to impact. Although peak force of the BFRP nanomodi-
fied 10wt% sandwich composite was lower compared to the BFRP 
nanomodified -0wt%, but, it had higher energy absorption which 
is 21%. 

 
Fig.3: Energy absorbed and peak force for different sample of BFRP 

 

The impact strength of the GFRP sandwich composites is shown 
in Fig 4. The energy absorbed by the composite due to impact load 
was 24.52, 26.61, 66.91 and 82.95 Joule for GFRP sandwich 
composites with GFRP nanomodified 0wt%, 5wt%, 10wt% and 
15wt% respectively. The maximum absorbed energy (impact 
strength) was 82.95 J for the composite with 15wt% of GFRP 
nanomodified. It was observed that, absorbed energy increases as 

the content of the nanosilica augmented.  This behaviour could be 
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due to more energy needed to break the coupling between the 
interlaced fiber bundles. Good adhesion between the fiber and 
nanomodified matrix was also responsible for the good resistance 
to crack propagation during the impact test. The increment of the 
nanosilica content intensifies the contact area between the fiber 
and matrix; suggesting to the good impregnation of fibers in the 
nanomodified resin [16].     

 
Fig.4: Energy absorbed and peak force for different sample of GFRP 

 
The contact force-deflection curves of unmodified and nanomodi-
fied based BFRP and GFRP composite face-sheets are shown in 
fig.5 and fig.6. The graphs show that the peak force of the BFRP 

is higher the peak force of the GFRP.  Fig.5 exhibits that the aver-
age maximum ultimate load for 15wt% nanomodified BFRP is 
11.38kN meanwhile the maximum ultimate load for 15wt% na-
nomodified GFRP is 9.91kN. The deflection at peak force of the 
BFRP sandwich composite is higher than the GFRP due to its 
ductile property; better elongation than GFRP sandwich composite. 
The nanomodified face-sheet has denser property compared to 
unmodified face-sheet. Hence, high density sandwich composite 
structures produce high contact force and high deformation values. 

 
Fig.5: Force-deflection curves for unmodified and nanomodified BFRP 

 
Fig.6: Force-deflection curves for unmodified and nanomodified GFRP 

3.2. Impact Test Morphology Evaluation 

3.2.1. Optical Microscopic Observation 

 
The morphology of all the impacted samples are shown in Fig.7 
and 8. The microstructures of the samples were observed under 

the optical microscope from the top and bottom. Based on the 
observation, the impactor perforated the core material and touch 
on bottom face sheet at BFRP and GFRP samples for 0wt% - 
10wt%.  Delamination was started in the middle of the impacted 
area and propagated along the samples. The crack propagation of 
the BFRP is more regular compared to the GFRP. The crack prop-
agation is more noticeable for BFRP 0wt% - nanomodified face-
sheets and GFRP 0WT% - nanomodified face-sheets sandwich 

composites. The BFRP 15wt% - nanomodified face-sheets sand-
wich composites demonstrates the lowest fracture and crack prop-
agation defect.  Also, the core section was less impacted compared 
to other compositions. The addition of nanosilica enhanced the 
energy absorbed by BFRP face-sheets. Nanoparticles act as inter-
locking pins within the interface and create higher friction be-
tween fiber and matrix; strengthen the interfacial adhesion. 
 

 
 
 
 
 
 
 
 

 
                   Top view                 Bottom view 

 

BFRP – 

0wt% 
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BFRP – 

5wt% 

 

 

  

 

BFRP -10wt% 

  

 

BFRP -15wt% 

 

 

  

Fig.7: Top and Bottom views of the BFRP samples subjected to impact loading 
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             Top view              Bottom view 

 
GFRP – 
0wt% 
 

 
 

 
 
 
 
 

 
GFRP – 

5wt% 
 

  

 
GFRP – 
10wt% 

  
 

GFRP – 
15wt% 
 

  

Fig 8: Top and Bottom views of the GFRP samples subjected to impact loading 

3.2.2. SEM Morphology Observation 
 
SEM examines the morphology of the particles dispersion in the 
polymer matrix according to the filler addition modification. Fig-

ure 9a-d presents the SEM images of the impact fracture samples 
of BFRP and GFRP sandwich composites. It can be observed that 
the fracture surface of the aluminium foam featured quite regular 

cracks (fig. 9a). Figure 9b shows that the crack propagation path is 
better than Fig. 9c and 9d. After increasing the nanosilica into the 

FRPs, the number of debonded fiber in the fracture region de-
creases evidently. It is proven that better interfacial adhesion of 
FRP was obtained by adding the nanosilica into the matrix.
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Fig.9: SEM images of BFRP after impact; a) fracture region of aluminum foam; b) fracture region of 15 wt% nanomodified of BFRP; c) Fracture region 

of 10 wt% nanomodified BFRP; d) Fracture region of 5wt% nanomodified BFRP

 

4. Conclusion 

 
The low-velocity impact response of aluminium foam-
nanomodified BFRP/GFRP face-sheets sandwich composites was 
investigated. Drop Impact test was carried out to study the energy 
absorption of the sandwich composites panels. It was found that 
the force and energy absorbed increased as the nanosilica contents 
increased. The energy absorption was affected by the increment of 
the weight percentage of the nanomodified content into BFRP and 
GFRP face-sheets. The effects of 15wt% of nanosilica added to 

BFRP face-sheets resulted in higher energy absorption as com-
pared to 15wt% nanosilica into GFRP face-sheets. Higher peak 
load was achieved for the 15wt% nanomodified BFRP as com-
pared to the 15wt% nanomodified GFRP. 
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