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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 

The Role of Halloysite’s Surface Area and Aspect 
Ratio on Tensile Properties of Ethylene Propylene 

Diene Monomer Nanocomposites  
Pooria Pasbakhsh, Rangika T. De Silva, Vahdat Vahedi, Hanafi Ismail  

P



International Journal of Chemical, Materials and Biomolecular Sciences

ISSN: 2415-6620

Vol:8, No:12, 2014

1368

 

su
(h
Eu
Ja
pa
in
st
an
B
 

Fi

su
do
m
ob
20
co
va
et

sh
pr
Te

A. Materials 

Three differe
upplied by Im
here as MB), C
ucla Basin 
arrahdale (We
allid zone of a
n a railway cu
earic acid, su
nd 2-mercapto
ayer (M) Ltd 

ig. 1 TEM micr

B. Preparatio

The compou
uch as zinc ox
one on a labo

model XK-160
btained by usi
000) at 15
ompression m
alues. The com
t al. [1].  

C. Character

Tensile testi
heets having 
repare the du
ensile testing

II. MATERIA

ent types of h
merys Tablew
Camel Lake s
in southern 
estern Austra
a deeply weat

utting near Jar
ulphur, tetrame
o benzothiazo
and used as re

rographs of pur

on of Nanocom

unding of EPD
xide, stearic ac
oratory-sized (
. The curing t
ing a Monsan
0°C. The 

molded at 150
mposition of t

rization  

ng was carrie
a thickness o

umb-bell shap
g was conduc

ALS AND METH

halloysite nan
ware Asia Lim
site, on the w

Australia (h
alia) was tak
thered profile
rrahdale (here
ethyl thiuram

ole (MBT) we
eceived. 

re halloysites (a

mposites 

DM, HNTs a
cid, MBT, TM
(160 mm 320
times (t90) of 
nto Moving D
compounds 
0°C, based o
the samples is

ed out with c
of about 2 m
ped specimens
cted followin

HODS 

notubes (HNT
mited, New Z

western margin
here as CLA
ken from the
 in dolerite, e

e as JA). Zinc
m disul- fide (T
ere all obtaine

 

a) CLA, (b) JA, 

and other ingr
MTD and sulph
0 mm) two ro
the compound
ie Rheometer
were subse

on the respec
s according to

compression 
mm were punc

s for tensile 
ng ISO 37 u

 

s) were 
Zealand 
n of the 
A) and 
e lower 
exposed 
c oxide, 
TMTD) 
ed from 

 

(d) MB 

redients 
hur was 
oll mill, 
ds were 
r (MDR 
quently 

ctive t90 
o Ismail 

molded 
ched to 
testing. 

using a 

un
tem
Te
we
Ha
an
co
an

sam
TE
EP
SE
im
Pd
ob
mo
ult

na
EP
inc
res
fol
ad
pro
inc
eff
oc
rub
HN
tub
the
exp
Ha
fib
exp
go
lin
sig
ex
str
dif
CL
tre
HN
(18
asp
the
sur
int
(m
(m

niversal tensil
mperature (25
ensile strength
ere recorded. 
alpin-Tsai ana

nd 18); where
nsidered to b

nd HNTs to be
Transmission
mples were o
EM. The mo
PDM/HNT na
EM at low vo

maging, the na
d–Au, to preve
bserve the EP
ode, ultra-thin
tra-microtome

A. Tensile Pro

A considerab
anocomposites
PDM matrix (
creased by 12
spectively wit
llowed a simi

ddition of HN
ominent resul
crease in E w
fect of HNT
clusion of ru
bber which i
NTs, the per
bules which a
e stiffness 
perimentally 
alpin-Tsai mo
ber composite
perimental E

ood agreemen
nearly with 
gnificantly de
hibits a linea

ructure of MB
fferent types o
LA had outper
end is mainly
NTs. The asp
8) > MB (12
pect ratio [4].
e high surfac
rface area, 
teractions. CL

m2/g) followed
m2/g), 22.10

le testing m
5±2°C) and a 
h, elastic mod

The elastic m
alytical model
e the density 
e 0.86 and 2.

e 1 and 140 GP
n electron mic
obtained at 2
orphologies o
anocomposite

oltage and ST
anocomposites
ent electrostat
PDM/HNT na
n specimens w
e Leica–Reich

III. RESULTS

operties  

ble incremen
s was observe
(Fig. 2 (a)). F
20%, 256% a
th addition of
ilar trend as th
NTs for all t
lts were obse
with addition 
Ts-rubber int
ubber [7]. The
is trapped be
rpendicular r
acts as part of
of the EPD
obtained E

del (H-T mod
es) (Fig. 2 (b

of CLA and
nt with the H

addition o
eviate from 
ar trend. Thi
B compared t
of HNTs CLA
rformed JA an

y due to the 
ect ratios of 
) > JA (10), 
. Moreover, te
ce area of th

the more 
LA exhibited 
d by JA and 

(m2/g), re

achine (Instr
crosshead spe

dulus and elon
modulus was 
l at different a

of the matr
.5 g/cm3, and 
Pa 
crographs of 
200 kV using
of tensile fr

es were obser
EM mode (30

s were coated 
tic charging du
anocomposite
were prepared

hert Supernova

S AND DISCUS

nt in tensile 
ed with addit
For instance, 

and 340% for 
f 15 phr. The 
he σ, where t
three types o
erved in CLA

of HNTs w
teractions wh
e occlusion o
etween or w
rubber inside
f the filler net

DM/HNTs na
was compar

del; derived fo
b)), and it wa
d JA based na
-T model, wh

of HNTs. 
the model r

is could be d
to JA and CL

A, JA and MB,
nd MB at all 
difference in 
HNTs follow
where CLA 

ensile propert
he HNTs; wh

opportunity 
the highest su
MB with su

espectively 

ron 3366) at 
eed of 500 mm
ngation at brea

compared w
aspect ratios (
ix and HNTs
modulus of E

the pure hal
g a Philips C
racture surfac
rved under a
0 kV). Before
with a thin la

uring evaluati
s under the 
d using a cry
a. 

SION  

properties 
tion of HNTs
tensile streng
MB, JA and
elastic modul

the E increase
of HNTs, but
A (Fig. 2 (b)

was attributed 
hich leads t
of the rubber 

within aggrega
e and betwee
twork and inc
anocomposite
red with the 
or randomly or
as observed th
anocomposite
here the E in
Nevertheless,

results and d
due to non-u
LA. Compari
, it can be stat
concentration
aspect ratio 

ws the order o
exhibits the h

ties increased 
here the high

for filler-
urface area of

urface area of
[4]. The E

room 
m/min. 
ak (Eb) 

with the 
(10, 12 
s were 
EPDM 

lloysite 
CM200 
ces of 
an FE-
e SEM 
ayer of 
ion. To 
STEM 

yogenic 

of the 
s in to 
gth (σ) 

d CLA, 
lus (E) 

ed with 
t more 
)). The 
to the 

to the 
is the 

ates of 
en the 
creases 
e. The 

linear 
riented 
hat the 
es is in 
ncrease 
, MB 
do not 

uniform 
ing the 
ted that 
ns. This 

of the 
of CLA 
highest 
due to 

her the 
-matrix 
f 77.47 
f 44.62 
EPDM 



International Journal of Chemical, Materials and Biomolecular Sciences

ISSN: 2415-6620

Vol:8, No:12, 2014

1369

 

 

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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