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 
Abstract—The influence of three different types of halloysite 

nanotubes (HNTs) with different dimensions, namely as camel lake 
(CLA), Jarrahdale (JA) and Matauri Bay (MB), on their reinforcing 
ability of ethylene propylene dine monomer (EPDM) were 
investigated by varying the HNTs loading (from 0-15 phr). 
Mechanical properties of the nanocomposites improved with addition 
of all three HNTs, but CLA based nanocomposites exhibited a 
significant enhancement compared to the other HNTs. For instance, 
tensile properties of EPDM nanocomposites increased by 120%, 
256% and 340% for MB, JA and CLA, respectively, with addition of 
15 phr of HNTs. This could be due to the higher aspect ratio and 
higher surface area of CLA compared to others. Scanning electron 
microscopy (SEM) of nanocomposites at 15 phr of HNT loadings 
showed low amounts of pulled-out nanotubes which confirmed the 
presence of more embedded nanotubes inside the EPDM matrix, as 
well as aggregates within the fracture surface of EPDM/HNT 
nanocomposites. 
 

Keywords—Aspect ratio, Halloysite nanotubes (HNTs), 
Mechanical properties, Rubber/clay nanocomposites.  

I. INTRODUCTION 

RESENTLY a wide range of industries in materials 
engineering are challenging to produce novel materials 

with unique mechanical properties and thermal stability. In the 
field of products associated with rubbers, material science is 
rapidly pursuing materials that exhibit superior thermal and 
tensile properties. Ethylene propylene diene monomer 
(EPDM) is widely used in electrical, textile and automobile 
industries due to its good processability; however, its ability to 
be used in engineering applications has been to some extent 
limited due to its poor mechanical properties [1]. Therefore to 
improve its mechanical properties and extend its applications a 
number of extensive and through studies on toughening and 
strengthening of EPDM with fillers have been made in the last 
20 years [2]. EPDM based nanocomposites have been also 
studied extensively to broaden the applications of EPDM. 
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Different types of fillers such as carbon nanotubes (CNTs), 
montmorrilonite (MMT) and carbon black have been used to 
reinforce EPDM and increase its mechanical and thermal 
properties [3]. But due to the problems associate with these 
fillers such as high cost, complex modification procedure, 
environmental issues and low reinforcing performance, 
finding better reinforcing fillers like natural nanotubes (e.g. 
halloysite nanotubes, HNTs) has been a matter of interest for 
many researchers in the past 10 years [4]. 

HNTs were first discovered by Berthier in 1826, and they 
are natural aluminosilicates (Al2Si2O5(OH)4.nH2O) with nano 
tubular structures. Typically, the length of HNTs varies from 
100 to 5000 nm, with an external diameter of 20-200 nm and 
internal diameter of 10-70 nm [4]. HNTs have remarkable 
unique properties such as good biodegradability, tubular 
structure, large aspect ratio, and high surface area [5]. Due to 
these outstanding properties, recently, HNTs have been used 
successfully as nano-fillers in many occasions in order to 
reinforce the mechanical and thermal properties of polymers 
[6]. It has been reported by Pasbakhsh et al. [4] that various 
halloysites have different properties depending to their 
geographical and geological environments. These properties 
can be varied in terms of the halloysite content (ranged from 
84 to 98%), impurities which included of minor quartz, 
cristobalite, kaolinite, gibbsite, alunite, iron oxides and anatase 
and variation in halloysite morphology. These all variations 
can also affect the surface area and the lumen size. In this 
study, three different types of HNTs (Fig. 1) have been used 
and the properties of those HNTs are given in Table I. HNTs 
which had been used in the past studies had different aspect 
ratios, surface areas and lumen volume, resulting in 
contradictory outcomes. Therefore in this study the effect of 
three different types of HNTs with different properties was 
studied to reinforce EPDM nanocomposites and the tensile 
and morphological properties were compared with each other. 

 
TABLE I 

PROPERTIES OF DIFFERENT TYPES OF HNTS 

HNTs type  
Aspect 
ratio 

Surface Area 
(m2/g) 

Inner diameter 
(nm) 

Outer diameter 
(nm) 

Matauri Bay (MB) 12 22.10 15-70 50-200 

Jarrahdale (JA) 10 47.28 10-50 30-80 

Camel Lake (CLA) 18 76.63 10-25 20-70 
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nanocomposites reinforced by JA had higher σ and E 
compared to MB based nanocomposites. In this case, the 
difference of the aspect ratio was insignificant and the surface 
area played a dominant role.  

The elongation at break (ε) has increased with addition of 
all types of HNTs compared to the control sample (Fig. 1 (c)). 
The increment is significant between MB and other two types, 
but the increment of ε within the JA and CLA is not 
appreciably changed. However, ε has increased by 100%, 
149% and 164% with addition of 15Phr of MB, JA and CLA, 
respectively.  

 

 

 

 

Fig. 2 Tensile properties; (a) tensile strength, and (b) elongation at 
break, (c) elastic modulus (both experimental (♦ -) and H-T (● --) 

results) 

B. Morphology  

Fig. 1 shows the TEM micrographs of three different types 
of HNTs. Electron micrographs (SEM and TEM) of the 
fractured surface of EPDM/HNTs revealed that the all three 

types of HNTs were well dispersed within the EPDM matrix 
(Figs. 3 and 4). CLA exhibits a clear uniform dispersion of the 
long and narrow nanotubes, while the JA and MB exhibits 
non-cylindrical particles apart from the nanotubes. These non-
cylindrical particles could be attributed to the impurities 
(kaolinite, quartz, mica and feldspar) presented in MB and JA, 
which is around be 10% and 20% from the volume, 
respectively. These impurities could also affect the tensile 
properties, since the stress transformation from matrix to non-
cylindrical filler is inefficient and therefore CLA gives better 
performance.  

There are some “micro-voids” which can be seen in the 
micrographs of MB incorporated to EPDM nanocomposite 
(Fig. 2 (c); marked by arrows) and these could be due to the 
pulled out nanotubes during the tensile testing. This implies 
that the interfacial interaction between MB and EPDM is 
inferior to the interaction between EPDM and other two types 
of HNTs. This observation is in well agreement with the 
tensile results. Moreover, no pores can be observed (removal 
of the matrix parts due to the applied force during the tensile 
testing) in all types of HNTs reinforced EPDM and it is due to 
the good filler-matrix interaction and three dimensional 
orientations of HNTs. 
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Fig. 3 Scanning electron micrographs of the fracture surface of the 
EPDM nanocomposites with 15 Phr of (a) CLA, (b) JA and (c) MB 

 

 

 

 

Fig. 4 TEM micrographs of EPDM/HNTs nanocomposites at 10 phr 
HNT loading (a) CLA, (b) JA, (c) MB 

IV. CONCLUSION 

EPDM/HNTs nanocomposites were fabricated using two-
roll mill. Herein, the influence of three different HNTs types 
(obtained from different mines) on the mechanical and 
morphological properties were studied. Addition of 15 phr of 
HNTs increased the tensile strength by 120%, 256% and 
340% for HNTs types of MB, JA and CLA, respectively. It 
showed that HNTs with high aspect ratios and surface areas 
lead to higher mechanical properties. But when MB and JA 
compared, JA has slightly lower aspect ratio and high surface 
area, and nanocomposites with JA exhibited superior tensile 
properties compared to MB, showing a dominant influence of 
the surface area on mechanical properties. Morphological 
studies characterized the dispersion of HNTs. CLA showed 
better potential to disperse in EPDM compared to MB and JA.  
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