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Abstract- The aim of the research is to determine the low velocity impact properties of widely-used Nanoclay (NC) at 
different rates on carbon fiber composite materials. Production was done by vacuum infusion method. Carbon fiber 
composites were produced by reinforcing nanoclay at different rates. The homogen mixing of the nanoclay and epoxy was 
done with mechanical mixer and ultrasonic homogenizer. Low velocity impact tests were performed according to 
D7136/D7136M – standard no. 12 “Standard Test Method for Measuring the Damage Resistance of a Fiber Reinforced 
Polymer Matrix Composite to a Drop-Weight Impact Event”. As seen in the Figure 8 of the standard, the samples were 
prepared 100*150 mm. Tests were conducted at 25J energy along with 1%, 3%, 5% NC, and the test results were shown 
graphically. 
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I. INTRODUCTION 
 
Nowadays, nanotechnology has been a method used 
for research and development of materials that can be 
used in almost all fields [1,2]. Polymer-based 
composites are among the most commonly used 
materials in industry. Because of high mechanical 
properties and significant weight reduction in 
structural design, these materials can achieve 
significant attention in industries, particularly 
military, aircraft and aerospace applications [3]. 
Nanoclays, which they are also used as mixture 
materials, give the desired properties depending on 
the type. As an example; it gives some properties like 
increased strength, abrasion resistance, flame 
retardance, ultraviolet protector, thermal and gas 
protection. Nanoclays may also play a role in 
increasing the fatigue properties as well as the 
increase of the time dependent mechanical properties 
[4]. 
 In order to obtain good results in reinforced 
composites different epoxy system, nano and macro 
fillers and manufacturing methods are used [5-8].  
Different methods are used to distribute the matrix 
material within the fiber. For example hot pressing, 
hand layup, vacuum assisted resin transfer molding 
and double bag assisted resin transfer molding etc. 
Ahmad Rafiq, Nesar Merah and et al examined the 
impact resistance of nanoclay-reinforced glass fiber 
hybrid composites. Composites plates were 
manufactured by hand layup and hot pressing 
techniques using electrical grade-corrosion resistant 
(E-CR) glass fiber mats. They subjected to low 
velocity impact with energies between 10 and 50 J. 
They observed the best results in nanoclay loading 
1.5 wt% with 23% improvement in peak load and 
11% increase in stifness [9]. 
Mahdi Heydari-Meybodi , Saeed Saber-Samandari 
and Mojtaba Sadighi have worked to determine the 
low velocity impact response of the unidirectional 

glass/epoxy laminated composites which reinforced 
nanoclay (, 0, 3, 5 and 7 wt %). Composites plates 
were prepared using two different techniques, 
including hand lay-up and vacuum assisted resin 
transfer molding methods. They observed the beams 
with 5 wt % nanoclay have the highest energy 
absorption in both manufacturing methods [10].   
M.V. Hosur , A.A. Mohammed and et al. Examined 
the processing of nanoclay filled sandwich 
composites and their response to low-velocity impact 
loading. Sandwich panels were fabricated neat and 
nanophased foam cores. Matrix material were 
prepared by adding nanoclay at 0.5% and 1%. The 
method was co-injection resin transfer molding 
process. The facesheets were made by infusing SC-15 
epoxy containing 1% and 2% by weight of nanoclay 
[11].  
Kevlar fibers, epoxy weight of 1.5%, 3% and 6% are 
singles weight ratio of composite is prepared by 
adding nanoclay. İmpact-damage relations have been 
studied in this investigation. Best result seen on 6% 
reinforced sheets and they observed that the greatest 
recovery in passing to 1.5% from 3%. While going 
from 3% to 6% improvement has been seen in 1.15%, 
from 1.5% to %6, %32.22 improvement has been 
seen [12]. In another study, again in matrix material 
by adding 1.5%, 3% and 5% weight nanoclay, Impact 
damage relations, they made impact, low speed and 
CAI tests. The best results were measured in 3% NC 
reinforced samples[13]. 
 
P. N. B. Reis, J. A. M. Ferreira, Z. Y. Zhang et al. 
(2012) examined the relation between the low 
velocity impact and the impact damage by adding 
nanoclay at 1.5 wt%, 3 wt% and 6 wt% ratios of the 
epoxy weight to the epoxy matrix kevlar fiber 
composite plates. Even though the best result was 
obtained at 6%, the best improvement was obtained, 
as the weight percentage increased from 1.5 to 3. It 
was noted that a 1.15% improvement was seen from 
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3% to 6%, whereas a 32.22% improvement was noted 
from 1.5% to 3% [12] 
 
II. DETAILS EXPERIMENTAL 
 
The samples were produced in heat and vacuum 
controlled workbench seen in Fig. 1a. Vacuumed 
sample seen in Figure 1b. on the bench.   
 

 
Fig.1. (a & b) Vacuum bench and vacuumed composite sample 
 
The low velocity impact tests were performed on a 
specially manufactured test device. Test device has a 
probe to record damping and splash energies in tests 
at different energy levels and seen in Fig.2. 
 

 
Fig.2. Low velocity impact test machine 

 
 Carbon fibers and epoxy properties are given in 
Table 1 [14,15]. As nanoclay montmorillonite made 
Eczacıbaşı’s EsanNANO 1-140 coded clay was used. 
Ultra white and has a pure structure a clay a provides,  
flammability of the material  which it is introduced 
into, strength, improvement in moisture and gas 
permeability properties. As it is seen in Fig. 3.  By 
organic modifying the nanoclay, space is increased 
between. Nanoclay property while initialy 
montmorillonite clay’s distance values between 
layers about 15 Å, when made the same organic 
nanoclay modification, these values can be available 
on 38-40 gaps. In this way, a more homogeneous 
distribution of the matrix material is achieved [17]. 
 

 

 
Table 1: Carbon Fibers and Epoxy Properties 

 
 

 
Fig.3. (a & b) a) Montmorillonite Structure b) After Organic 

Modification of Montmorillonite Structure 
 

 
Table 2: The Chemical Properties of Nanoclay 

 
Clay particle size analysis made with laser 
diffractomer is given below Table 3. [16] ; 
 

 
Table 3: EsanNANO Clay Grain Size Analysis 

 
III. RESULTS AND DISCUSSION 
 
Energy-time graphs are shown in Fig. 4. for 25J. 

 
Fig.4. Low velocity impact test energy-time graph with 25 

Joules 
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The impact energy applied to the specimen and the 
energy levels attenuated by the impact energy of the 
specimens are shown Fig.5. 

 
Fig.5. Energy diagram absorbed and reflected back by the 

samples 
 
As the pulse energy increases, the impulse value and 
the increase of the splashed energy are expected. As 
seen in the Fig.5., the impacted samples showed 
different responses. In the pure sample, more splashes 
were seen compared to the 1% reinforced sample. 
However, splash energy increases as nanoclay ratio 
increases and it was observed that the samples 
absorbed less energy. Nanoclay is harder material 
than epoxy resin, so clay content increases, the 
material becomes more rigid.  
After the impact, delamination, matric cracks due to 
bending/shear and fiber breakage were seen in the 
composite samples. 
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