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Abstract: The combination of the high density polyethylene (IIDPE) with variable amounts of the organoclay
for investigating the mechanical, thermal and chemical properties of the synthesized nanocomposites were
prepared. The effects of the addition of polyethylene glycol (PEG) as a compatibilizer into the polymer matrix
on these properties were regarded X-ray diffraction (XRD) and Scanning Electron Microscopy (SEM) for
estimating the morphology study of the nanocomposites were provided. Tensile strength, Young's modulus,
surface hardness, Thermogravimetric analysis and adsorption resistant tests of all compounds for mecharical,
thermal and chemical investigation were prepared. The morphology studies indicate that the addition of PEG
has remarkably improved the dispersion of clay into the matrix. The most efficient amount of organoclay into
the resin for enhancing the mechanical properties was obtained at about 5 wt. %. The results reveal that the
thermal stability of nanocomposites enhanced with adding the organoclay and this property has been
deteriorated without any compatibilizer. The adsorption resistant of samples decreased against the rising of the

clay content into the polymer matrix.
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INTRODUCTION

Recently, polymer nanocomposites reinforced with
low volume content of 2:1 layered silicates have received
considerable attention due to their substantial properties
such as mechanical and thermal properties over their
pristine polymers (Zhang et al., 2006, Zhang and Wilkie,
2006; Zhao et al., 2005, Wang et af., 2003; Celim et al.,
2007, Drozdov and Christiansen, 2007; Lu ef af., 2006,
Cho and Paul, 2001; Zanetti and Costa, 2004). The weak
interaction between organic and inorganic phases in many
conventional polymer composites causes unsatisfied
mechamcal and thermal properties. From the other point
of view, using of organically modified clay (organoclay)
instead of pure clay leads to better dispersion of inorganic
phase mto the polymer matrix (Wang ef al., 2001; Suef al,
2004; Gopakumar et al., 2002; Lee et al., 2004). So, these
inorganic fillers improve dramatically the physical and
mechanical macroscopic properties of polymer even the
amount of them 1s small. The enhanced properties are
seemimngly due to the synergistic effects of nanoscale
structure and interaction of fillers with polymer. Many

advantages of the nanocomposites are the principle
factors for investigating of these polymer/clay
nanocomposites extremely. They are based on the use
of a low concentration of expandable smectite clays,
such as Montmonllonite Layered Silicates (MLS), in the
matrix (Fu and Qutubuddin, 2001, Foresta et al., 2001,
Okamoto et al., 2001). The addition of ML S in a polymeric
matrix results m different clay distributions that do not
always provide an mmprovement in performance. When
MLS is added to a polymer, it remains an immiscible
system (Alexandre and Dubois, 2000). The different clay
distributions are the mmmiscible, intercalated, partially
exfolated and exfoliated dispersions.

Polyethylene is one of the most widely used
polyolefin polymers. Science it does not include any polar
group n 1its backbone, it 15 deliberated that the
homogeneous dispersion of the clay minerals in
polyethylene is not realized. In general, clay is modified
with variable materials to increase the degree of
reinforcement between the polymer layers and clay
surface. Hexadecyl trimethyl ammonium bromide
(C16) (Zhang et al., 2006, Hongdian et al., 2005) and
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Fig. 1: The effect of PEG as a compatibilizer on the dispersion of clay mnto the polymer matrix and the structure of

nanocomposite

Dioctadecyl  Dimethyl ammonium chlonde (DM)
(Zhao et al., 2005) and similar structures are used for
modifying clay. In fact, clay is modified with
alkylammonium to promote its interaction with a polymer
because the alkylammomum makes the hydrophilic clay
surface organophilic. The length and number of alkyl
groups of cationic modifier also effect on intercalation
behavior (Mravéakova et al., 2006). The dispersion of
clay into the polymer matrix can be promoted by using the
appropriate method. The procedures that are widely used
for this purpose are melt/solution blending or in situ
polymerization (Ahmadi et al, 2004). When registry
between the layers 1s maintained, the material 1s described
as an intercalated. When this registry 1s lost and the clay
layers are accidentally distributed into the matrix the
system is depicted as an exfoliated or delaminated
nanccomposites. Lastly, if the clay 1s not dispersed, it 1s
just filler and a nanocomposite 13 not constituted
(Gilman et al., 1998). For easier dispersion of clay into the
polymer matrix, Instead of modifying clay we can use
some oligomers as a compatibilizer for easier dispersion
of clay mnto the polymer matrix and promoting the
intercalation process is another way. In recent
studies, effect of compatibilizer on polymer/clay
nanocomposites has been mvestigated (Preston et af.,
2004; Zanetti et al., 2004). The results revealed that
compatibilizer plays the role of incorporator into the
mixture of clay and polymer. In fact, these materials are a
bridge from polymer matrix to mineral clay and cause the
combination of polymer/clay approaches to mtercalated
or even exfoliated system. Some nanocomposite
literatures (Ray and Okamoto, 2003; Hasegawa et al.,
2000, Maruas ef al., 2001) mdicate that mncreased strength,
or elastic modulus, considerably decreases strain to
failure and ductility. In PE, this is further complicated by
the non-polar nature of PE, requiring the use of bridge
molecules between the PE and the MLS. The reasoning
being that the polar compatibilizer would solubilize the

MLS surfactant. This should mcrease the degree of
reinforcement between polymer chains and layered silicate
structures. The reality is that the low molecular weight
compatibilizer reduces the stiffness and toughness of the
material. In this study, we employed polyethylene glycol
(PEG) as a compatibilizer for easier dispersion of clay into
the polymer matrix. Figure 1 shows the effect of
compatibilizer on the synthesized structure after adding
clay into the matrix.

The purpose of this study 1s to investigate the effects
of adding the nanoscale organically-modified
montmorillonite (OMT) into the high density polyethylene
(HDPE) matrix on thermal, mechamical and chemical
properties. Usage of polyethylene glycol (PEG) as a
compatibilizer and estimating of these properties also were
regarded.

MATERIALS AND METHODS

Materials: The high density polyethylene (HDPE 5818,
density 0.93 g cm ™) was purchased from Imam port
petrochemical Co. and used as a composite matrix resin.
As well as poly ethylene glycol (density 0.91 g cm™,
melting flow index: 1-1.5 g/10 min at 230°C, maleic
anhydride 0.7 wt. %) was provided as a compatibilizer.
Natural montmorillomte modified with a quaternary
ammonium salt (2 M2ZHT dimethyl, dihydrogenatedtallow,
quaternary ammonium) and cation exchange capacity
(CEC) of =125 meq/100 g was provided by southem clay

products, Inc.

Nanocomposite formation: For estimating the properties
of HDPE/Clay nanocomposite, 5 sheets were prepared.
The mvestigation of the effects of adding clay and the
addition of polyethylene glycol as a compatibilizer
was realized by these samples given in Table 1. For
synthesizing of nanocomposites, first The polymer and
compatibilizer were charged into the brabender chamber
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Table 1: Composition and Mechanical properties of HDPEPEG/Clay
nanocomposites

Young's  Tensile

HDPE PEG OMT modulus  strength  Hardness
Samples  (wt. %)  (wt.%0)  (wt. %) (MPa) (MPa) (shore A)
PE1 85 15 0 1017 2745 62
PE2 82 15 3 1024 23.88 63
PE3 80 15 5 1129 24.90 64
PE4 78 15 7 1025 24.39 63
PES 95 0 5 1153 25.99 61

simultaneously and then the OMT was charged in 5 min
into the chamber. The mixtures were mixed for 5 min and
then were discharged and were adapted for further
estimation. Process temperature was at 160°C using a
twin-roll mill with 70 rpm to yield composites.

Evaluation of dispersibility of clay into the polymer
matrix: Morphology studies have been fulfilled on all
composites. X-ray diffraction experiments were performed
at toom temperature by a Philips X'Pert X-ray
diffractometer (40 kV, 40mA) with Cu (k= 0.154 rm). The
morphology of HDPE nanocomposites was studied by
SEM also with a Philips XL30 scanning electron
microscope. All specimens were coated with gold prior to

umaging.

Mechanical properties: Nanocomposites were prepared
by specimen preparation instrument, puncher model ZCP
020 ZWICK Germany, for mechanical tests. Tensile tests
and Young modulus estimation were conducted at room
temperature according to ISO 527-1, ASTM D638 m using
an INSRTON model 4411 machine equipped with digital
data acquisition capabilities. In addition, Measuring of
surface hardness of nanocomposite specimens was
mvestigated by using shore-A hardness instrument model
ZWICK according to ASTM D2240.

Chemical properties: Comparison between polymer/clay
nanccomposites and primitive polymer on chemical
properties has been regarded in recent studies
(Wang et al, 2004, Ragosta et al, 2005
Mravéakova et al, 2006, Berta et al., 2006). Since clay
dispersion into the polymer matrix causes a growth of
distance between clay layers, the chemical properties
such as liquid adsorption ability as if thermal and
mechanical properties can change. Xylene and Toluene
are lquids which have been used to estimate the
adsorption ability of the nanocomposite samples. Samples
were prepared in 20%10x2 mm’ sheets. All sheets
individually were put in 20 mI of both liquids for 40 h and
then weighted. The percentage of mass mcrease was also
measured.

Thermal properties: Thermogravimetric — analyses
(TGA) was carried out on an STA 1500 umt, under

30-35 mIL min™" argon flow at a scan rate of 20°C min™

from room temperature to 600°C at 10 mg scale for
estimating thermal stability.

RESULTS AND DISCUSSION

X-ray diffraction (XRD) measurement and SEM results
on the clay and its nanocomposites: The OMT displays a
diffraction peak at 7.19° (Fig. 2). As that seen 1 curve (c)
for HDPE/PEG/Clay nanocomposite, the diffraction peak
has been approximately become extinct that reveals an
exfoliated system has been formed. There 15 a flat feature
nearly from 4-8 value of 20 regions which causes the
formation of exfoliation system in comparison of value
from curve (a). Another result for the combination of
HDPE and OMT without compatibilizer is shown in curve
(b). Since the compatibilizer makes the easier dispersion of
clay into the polymer matrix, so as we expected, the lack of
PEG as a compatibilizer caused the lower expansion of
the clay layers in comparison with the distance between
the clay layers after incorporation of PEG into the
nanocomposite that can deduced from peak value in curve
(a). In fact, the organoclay improves the dispersibility of
the clay and polymer. The comresponding peak in curve
(b) for HDPE/OMT compound at 6.99° indicate that the
distance between the clay layers has not been increased
fairly. But another diffraction peak in this curve occurs at
4.33° that shows some layers expanded and the structure
approached to intercalated system. This realities exhibit
that the partially intercalation structure has been formed
because of the effect of Alkylammonium chams on the
mineral clay surface. The addition of PEG mto the
compound directs the mixture to the exfoliation system.
The flat area in curve (c) reveals this fact. So, usage of
compatibilizer has a favorable effect on morphology
properties of HDPE/Clay nanocomposite. SEM images
also show that the presence of compatibilizer in the
polymer matrix has facilitated the dispersion of clay layers
and has made a homogeneous structure (Fig. 3a). When
there is no PEG, the distance between clay layers has not
been expanded and the polymer has not been injected into
this space (Fig. 3b). These results show that the PEG is
compatible with the HDPE matrix and has made an
exfoliated structure. The lack of PEG into the matrix has
made a composite instead of nanocomposite structure
that 1s because of the not appropriate dispersion of clay
and the aggregation of its layers.

Mechanical properties: The Young’s modulus and tensile
strength of nanocomposites could, m prmeciple, be
improved when the content of the morganic clay
increases, but this would also lead to deficient in clay
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Fig. 2:The XRD pattern for (a) OMT, (b) HDPE/OMT and
(¢) HDPE/PEG/ OMT nanocomposite
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Fig. 3: SEM micrographs of (a) HDPE/PEG 15%/OMT 5%
and (b) HDPE/OMT 5% nanocomposites

dispersion (Table 1). In fact. because of the interaction
between the clay lavers and the polymer matrix whatever
clay content increases, the addition of clay could enhance
those properties. But, while the clay content increases to

higher load, assembly of clay stacks can alter the
nanocomposite structure and the clay will be a simply
filler that leads to reduction in mechanical properties.
From experimental data. Young™ modulus improves till the
OMT content increases to 5 wt. % and when the OMT
content reaches to 7 wt. % this mechanical property 1s
descended. Tensile strength after incorporation of the
OMT into the polymer matrix also has decreased. but it is
worth noting that we have an increase at 5 wt. % of clay
content after reduction in this property at 3 wt. % of
OMT. The addition of OMT into the polymer matrix
can also enhance the surface hardness characteristic.
The optimum of OMT content is 3 wt. % for enhancing
hardness  property of nanocomposites. As a
consequence. Young's value has increased at 5 wt. % of
OMT and fensile strength has overall reduced whatever
clay content increases. The results show that increase
of PEG as a compatibilizer has not had a fair effect on
tensile and Young's tests but has improved the surface
hardness of the nanocomposite in comparison of other
samples. In fact, the compatibilizer has a plasticizing
effect on polymer.

Thermogravimetric analysis: For estimating the thermal
stability of organoclay nanocomposites we need to
balance three parameters. Clay layers have good b arrier
action, which can improve the thermal stability of
polymer/clay nanocomposites. On the other hand, the
alkylammonium cations in the organoclay could suffer
decomposition following the Hofmann elimination
reaction and its product would catalyse the degradation
of polymer matrixes. Thirdly, the clay itself can also
catalyse the degradation of polymer matrixes. The latter
two actions would reduce the thermal stability of
polymer/clay nanocomposites.

The thermal stability of HDPE/PEG. HDPE/OMT and
HDPE/PEG/OMT nanocomposites have been tested by
TGA that TGA curves as in Fig. 4 and the corresponding
data have been shown in Table 2. At the initial stage of
the degradation (before 400°C), due to the Hofmann
elimination reaction and the clay catalysed degradation,
the PE/PEG/clay nanocomposites degrade faster than
HDPE/PEG  (the residual of HDPE/PEG and
HDPE/PEG/OMT 3 wt. % at 400°C are 99.17 and 98.13%,
respectively). Whatever clay content increases, the
HDPE/PEG/OMT nanocomposites show higher thermal
stability. The onset temperatures of HDPE/PEG/OMT
nanocomposites are all higher than HDPE/PEG that has
not any organoclay. As results reveal, thermal stability of
nanocomposites after adding clay into the polymer matrix
has been enhanced. Clay content played the role of barrier
action before catalysing the degradation of polymer
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Fig. 4: TGA curves for HDPE/PEG, HDPE/PEG/OMT and
HDPE/OMT nanocomposites in argon atmosphere

matrixes. Fally, the effect of using PEG as a
compatibilizer is shown in Fig. 4 that exhibits the thermal
stability of nanocomposite has been reduced. The
residual of HDPE/OMT 5 wt. % nanocomposite before
400°C 18 less than HDPE/PEG/OMT 5% nanocomposite.
But in higher temperatures the sample with compatibilizer
is shown considerable improvement in thermal stability
m comparison with the sample without polyethylene
glycol.

Adsorption resistance: Table 3 shows the results of the
HDPE/PEG/OMT
nanocomposites in pure Xylene and Toluene for 40 h at

adsorption  measurement  of
room temperature. The nanocomposites exiubited the
superior mechanical and thermal properties but not in
adsorption resistant. Both of Xylene and Toluene can not
solve the high density polyethylene. So, the decrease of
weight for this substance can not be seen when placed in
these liquids. But clay has ligh tendency for adsorbing of
liquids. When this ¢lay is added to the HDPE matrix, it can
mcrease the adsorption of these liquids into the polymer
chains that this fact is the principle reason of the sudden
growth in amount of weight increase in Table 3 after
adding 3 wt. % of OMT mto the HDPE/PEG matrix.

Table 2: TGA data in argon atmosphere for HDPEPEG, HDPE/OMT and
HDPE/PEG/OMT nanocomposites

Samples Tos O Tos °C)
PEl 457 486
PE2 462 490
PE3 468 489
PE4 470 493
PES 452 479
Table 3: The percent of weight increase for HDPEPEG/OMT

nanocomposites with different OMT content in pure Xylene and
Toluene after 40 h at 25°C

Solvent
Samples Kylene Toluene
PEL 1.48 5.76
PE2 1.83 7.06
PE3 1.85 7.20
PE4 2.20 7.83

Whatever clay content increases, after adding 5 wt. % of
OMT, the growth of the hiquid adsorption amount for the
nanocomposite can be attributed to aggregations of some
layers in large silica layer volume that cause to further
growth in weight increase amounts.

CONCLUSIONS

High density polyethylene and polyethylene glycol
as a compatibilizer were prepared for synthesizing of
HDPE/PEG/clay nanocomposite by adding of the
orgamcally modified clay m nanometer scale. The
nanocomposite was prepared by melt blended in a
Brabender mixer and mechanical, thermal and chemical
properties of nanocomposites investigated. The clay
content for improving Tensile strength and Young’'s
modulus obtained. When the c¢lay content reaches to
5 wt. %, Young's modulus of nanocomposites rises. On
the other hand, the addition of OMT mnto the polymer
matrix has overall decreased the tensile strength in
comparison with pure blend. The effects of the addition of
compatibilizer on nanocomposite properties also
investigated. The usage of PEG enhanced the thermal
stability of the nanocomposites. The addition of PEG as
a compatibilizer on mechanical properties caused an
improvement in hardness value. Morphology studies by
XRD and SEM results revealed that PEG has improved the
dispersion of clay mto the polymer matrix.
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