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Improving the Polypropylene-Clay Composite Using Carbon Nanotubes as Secondary Filler
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Abstract: Problem statement: Current researches have shown that the thermoplastic-clay
nanocomposites have failed to live up to the eapliedictions albeit they have found some nicha are
of applications. This research work therefore aina¢dstudying the effect of carbon nanotube as
secondary filler on the mechanical properties dypopylene-clay nanocompositApproach: Hybrid
polypropylene-clay nanocomposite was prepared @ phesence of Multiwall Carbon Nanotubes
(MWCNTSs) as secondary additives using melt intedah process. The effect of Multiwall Carbon
Nanotubes (MWCNTS) on the polypropylene/clay matvas investigated in terms of dispersion using
XRD, tensile test (ASTM D 638) and notched Izod a&uiptest (ASTM D256). These were compared
with the conventional polypropylene-clay nanoconifgosResults. The resulting composite shows
about 42% increase in the modulus, 26.20% in thsilte strength and 13.30 Kj fimpact strength
when compared with binary combination of PP/Clapammmposite. XRD patterns of PP/Clay and
PP/Clay/MWCNT nanocomposites show different diffrac peaks which are indications of
intercalation mixed with macromixin@.onclusion: This study showed that MWCNT can successfully
address the common shortcomings peculiar to PPi@Zlagcomposite.
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INTRODUCTION Dispersion of clays and clay minerals in polyme
_ _ matrices usually results to a product (polymer/clay
Polymer reinforced with Carbon Nanotubes andnanocomposite) that will combine the propertiebath
Nanoclay are receiving research attention for weio e polymer and the filler and hence material of an
industrial applications such as automobile inteaod  onhanced property is produced. These hybrids often

exterior accessories, air and space craft, elecgpn lead to improved mechanical (Fornes al., 2001)
civil constructions and fabrications of processseds o trical insulation (Katoet al., 1997) and flame

(Atard et al., 2001). Researches on microcomposite : :
have reached the limit of optimization in propertyretarOIanCy (Garciagt al., 2003). The most essential

enhancement because the achieved properties usua]:ﬁ/cmr that 'e?‘ds to op_tlmal composne_pr_opermegapd
spersion, (intercalation and  exfoliation) asphtial

involved a lot of trade off (Pulicke&t al., 2005). S . : :
Stiffness is traded for toughness, or toughness ighstrlbunon of the filler in the matrix (Magedt al.,
obtained at cost of optical clarity and sometimes,zoo‘js)- i :
flexural strength is traded off for tensile progeffo be Fillers are generally characterized based agirth
précised, polymer nanocomposite is a better atsa Physical parameters like shape, size and their
to the conventional polymer composite made fromreinforcing effect when dispersed into a continuous
microfillers in terms of strength, resistance torosion ~ polymer matrix. These physical parameters could be
and thermal stability. defined in terms of aspect ratio, packing fractam

Corresponding Author: Salawudeen T. Olalekan, Nanoscience and Nanotemp®esearch Group,
Department of Biotechnology Engineering, Facuft{ngineering,
International Islamic University Malaysia, P. Go»B10, 50728 Kuala Lumpur, Malaysia
68



Energy Rec. J. 1 (2): 68-72, 2010

surface area (Nello, 2005). The aspect ratio isritz= MATERIALSAND METHODS
as a ratio of the major to the minor dimension &nd
defines the load transfer efficiency from the podym Materials: Polypropylene homopolymer was supplied
matrix and the continuous phase to the filler. Theby Medigene Sdn. Bhd Malaysia. Carbon nanotubes
packing fraction defines the volume occupied bydsol with outer diameter ranging between 10 and 20 ndh an
particles over the total volume. It is correlatedthe  percentage purity > 95% was supplied by (Bahad SDN,
aspect ratio by an inverse relationship, that e t Malaysia). Modified clay was prepared in Biocherhica
higher the aspect ratio, the lower the packingtivac  Laboratory in the Department of Biotechnology
This implies that the fillers exhibiting high remrting  Engineering, [IlUM, Malaysia using bentonite clay
effect must have a low packing fraction or highexip manufactured by Acros organics New Jersey, USA).
ratio (Salawudeest al., 2008). Maleic Anhydride grafted Polypropylene (MAgPP) and
The mechanical property of carbon Nanotube isOctadecylamine (90%) were supplied by Suka
exciting, since they are considered as the ultimat€hemicals Malaysia. All the above materials apantnf
carbon material ever made (Oliver and Micheal Glaaebentonite clay were used without any further tresatm
2006). The most important application of carbon-
nanotubes, based on their mechanical strength is &lay modification: About 1000 mL of distilled water
reinforcements in composite materials (Pulickebl., was measured into 2 L capacity beaker, heated and
2005). Compared with clay and other organic fibresmaintained at a temperature of 80°C in a water.bath
which usually lack one or more of these propertiesTwenty gram of clay sample was measured into the ho
carbon nanotubes show a unique combination ofvater and allowed to disperse under mixer rotatihg
stiffness, strength and tenacity (Dearal., 2007). Also (300 rpm) for 1 h. A solution containing 7.5 g
in comparison to the conventional organic andoctadecylamine with 4.2 mL of concentrated
inorganic fillers, Carbon nanotube has therapeutichydrochloric acid (HCI) in 500ml hot distilled wate
properties and hence can address the most commamaintained at 80°C was subsequently added into the
drawbacks peculiar to the conventional binarymixture and allowed to mix for another 1lhr with the
composites at minimal loading. For example carborspeed adjusted to 400 rpm. After this, the solid wa
nanotubes is soft and elastic in the radial dioectnd filtered and washed severally with 1000 ml hotitiest
hence can favorably address the problems of poowater wusing vacuum filtration apparatus. The
elongation and flexural strength found in mostorganoclay produced was dried in an oven maintained
conventional binary composites (Andreas and Walterat 60°C for 36 h.
2007) and due to its high young modulus and tensile
strength, it has a better potential for reinforcattban  Preparation of polypropylene nanocomposites: Melt
any other known nanomateria. mixing method has been reported to be a suitable
Due to the problem of agglomeration that usuallymethod for the production of polypropylene
resulted to insufficient load transfer between thenanocomposites due to its environmental friendénes
polymer matrix and the nanofillers, multiwall carbo (Quang and Donald, 2007) and ability to achieviebe
nanotubes is always the carbon nanotube of chaice idispersion at low cost (Quang and Donald, 2007)
the carbon nanotubes/polymer nanocomposite becaugecause no additional solvent is required. Melt
it has a good adhesion with polymer matrix (Vetial.,  intercalation therefore was adopted in this work.
1993). Nanomaterials have been dispersed in atyarie
of polymer matrices and different shortcomings werePreparation of polypropylene/clay nanocomposite:
reported (Micheal and Connel, 2006). No attempt hafreparation of Polypropylene/clay was effected by
been made to produce a hybrid that will combine twadirect melt mixing of PP, MAgPP at predetermined
fillers in a matrix. In this study, an attempt waade to  ratio in a Hakee mixer type (Rheomix 600P) for 31mi
compare the mechanical properties of the conveaition before the introduction of modified clay througheth
binary nanocomposite to a ternary nanocompositdiopper. The melt mixing conditions were 180°C anhd a
which combines carbon nanotubes and nanoclay &s rotor speed of 100 rpm. The entire mixture was
reinforcement in polypropylene matrix. Such product allowed to mix for 10minutes before the nanocontgosi
will address most common shortcomings like lowwas unloaded and manually pelletized. The clay
mechanical properties and high production cost Wwhic percentage was varied between 1.0 and 6.0 wt % of
normally resorted when only CNT is used as filler. polypropylene.
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The nanocomposite pellets were dried at 80°C in & he tensile test was carried out using (ASTM D638)
vacuum oven for 12 h before injection molded usingon the molded plaques using Universal Tensile
injection molding machine of type (HM 600/210). The Testing Machine (Lloyd Instrument model LR10K).
composites were molded into a standard dumb bellThe test specimen was inserted into the self algni
shape using injection molding machine at meltgrips employed for holding the test specimen betwee
temperature of 195°C and a mold temperature ofhe fixed member and the movable member. The test
180°C. The mechanical properties of the injectionspecimen was deformed at various strain rates up to
plagues were determined. The formulation of theyda post-yielding and the stress strain and force
with best mechanical properties was used in thealisplacement curves were automatically plotted hen t
preparation of the master batch. This master batth  system attached to the equipment. From the cuthes,
used as intermediate raw material for the prodnotib  Tensile strength and the young modulus were
ternary nanocomposite. The progress in the mixey wadetermined. Similarly, the impact test was carrmed
monitored using the plot shown in Fig. 1. using advance pendulum impact (Dynisco polymer test

model API-230-0). The rectangular bars of the itijec
Preparation of PP/MNC/MWCNTs: Ternary molding plaques were notched prior to the testgusin
nanocomposite production was effected by firstsample Notcher, dynisco polymer test (model ASN-
preparing the PP/Clay composite using the formutati 230-M).
that gave the best mechanical properties as describ
above. PP/Clay pellet was melted in the hot mixeDetermination of degree of dispersion: The degree of
before the introduction of Multiwall Carbon Nanoasb dispersion was determined by Shimadzu Xray
in the prescribed quantity through hopper at 185°Miffractometer (LabXRD-6000). Nanocomposite sample
melting temperature. The entire mixture was allowed was prepared following the specifications and medint
mix for a period of 10 min before homogeneity wason the sample holder of XRD. Having ascertainetidta
attained. The progress in the mixer was monitoredhe recommended precautions were already in plhee,
using the same plot shown in the Fig. 1. Thediffraction was conducted af2= 70°. The peaks were
nanocomposite was manually pelletized and injectiorplotted and interpreted.
molded into the standard shape. The injection mgldi
operating conditions were kept at a melt tempeeatiir RESULTS
195°C and a mold temperature of 180° at 700 bar

injection pressure. Figure 2 shows the tensile properties (tensile

strength and elastic modulus) of polypropylene-clay
M echanical test: Tensile elongation and tensile modulus hanocomposte. This was used to bench marked the
measurements are among the most important indiatio properties of ternary nanocomposite.
of strength in a material and are the most widely
specified properties of plastic materials €v)y2002). ey ks
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Fig. 2: Effect of clay content on the mechanical
Fig. 1: Plot of torque, speed and temp versus time properties of PP-clay nanocomposite
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Fig. 4: XRD curves of PP/clay nanocomposite

Table 1: Comparison between binary and ternary klamposite

Mechanical properties

Composite Ten. St (MPa) Yong mod (MPa) Imp. Stfid)
PP/clay 28.55 1588.27 5.55
PP/clay/CNTs  36.13 2250.00 6.28
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Fig. 5: XRD curves of PP/clay/MWCNT nanocomposite
DISCUSSION

The mechanical properties of the binary
nanocomposites were evaluated by tensile and impact
testing (Fig. 2 and 3). As shown in Fig. 2. PP/Clay
system shows a slight decrease in Young’'s modulas a
low filler loading. This is characteristic of Matei
anhydride grafted polypropylene which was added to
promote PP/Clay intercalation due to the apola neatu
of polypropylene. When the loading of the modified
clay was above 2 wt% a reasonable increase imasisf
(characterized by the Young’s modulus) was observed
as filler loading increases. The ultimate Young's
modulus lies between 1652.27 and 1666.87MPa which
corresponds to point 3 and 4.5 in the plot.

The behavior of the Tensile strength with respect
clay content was in the reverse order to that aingis
modulus as shown in Fig. 2. But the rate of deeéas
the strength reduces between point 3 and 4.5. This
justified the claimed that the ultimate may liesvien
3 and 4.5 wt%.

To further strengthen the results obtained in serm
of Tensile strength and Young’s modulus, the iaipa
property of the plague was tested using Natche
Izod Impact Test (ASTM D256). Figure 3 shows a
remarkable increase in impact strength as clayerasit

The effect of impact strength studied over a wideincreases and attained an optimum at 3% by weifjht o
range of clay loading on polypropylene is shown inclay. This is because augmenting the clay conteote

Fig. 3. Similarly, Table 1 shows the differencevizetn
the mechanical properties of the master batch gog/c

the ultimate value resulting to agglomeration which
tends to reduce some properties in the polyprogylen

and the ternary nanocomposites after the addition canocomposite.

multiwall carbon nanotube.

The X-ray diffraction patterns  of

Judging from the above results, the ultimate clay

both content was taken as 3% and this was used in the

nanocomposites were shown in Fig. 3 and 4. Thespreparation of master batch (PP/Clay) which wasrlat
were determined over the same diffraction angle foused in the preparation of ternary nano composite

basic comparison.

(PP/Clay/MCNTSs).
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When the MWCNT was added to the PP/ClayFornes, T.D., P.J. Yoon, H. Keskkula and D.R. Paul,
nanocomposite, the comparison was as shown in 2001. Nilon 6 nanocomposite: The effect matrix
Table 1. Both the tensile strength and the elastic ~molecular weight. Polymer, 42: 9929-9940. DOL:
modulus experienced an appreciable increment of 42% 10.1016/S0032-3861(01)00552-3
and 26.2% respectively while the impact strengthGarcia, D., O. Picazo, J.C. Merino and J.M. Pasyor,
gained an increase of 13.3% Kj“mThis behavior 2003. Polypropylene clay nanocomposite: Effect of
justified the potential properties of carbon nabetu ;%rlnlrana;lrblIJIZlnggagge4ngsgsc)on g‘g d{gpféi'g/% OCI)E:Iﬂ

The XRD patterns of both thel pp/play and the 305y7(02)od’333_é ' ' '
s O ) i ™ Ko, M. A Usuand . Ok, 1997, Symresis o
compared with PP/Clay/MWCNT. This is because the polypropylene oligomer-clay intercalation

. - compounds. J. Applied Polymer S@&6; 1781-1785.
X ray pattern shows a much more defined peak in the pQ: 10.1002/(STCI)1097-

PP/Clay/MWCNT than in PP/Clay. This implies that  4628(19971128)66:9<1781::AID-PP17>3.0C0;2-Y

MWCNTSs were not well dispersed in the composite andviaged, A., P. Michael and W. Ulrich, 2003. Surface
thus lead to the formation of agglomerates treatment of clay minerals-thermal stability, basal

(characteristics of nanomaterials) in the system. plane spacing and surface coverage. J. Mater.
Chem., 13: 2359-2366. DOI: b302331a.
CONCLUSION Micheal, J. and O. Connel, 2006. Carbon nanotubes

Properties and Applications. 1st Edn., Taylor and
In this study multiwall carbon nanotubes have been  Francis group Boca Roton, London, New York,
used to improve mechanical performance of IABN:10:0-8493-2748-2, pp: 214-255.
polypropy'ene/C'ay nanocomposite due to its higheNyer, K., 2002. HandbOOk of Materials Sellectiost 1
aspect ratio and surface area which facilitatebetser Edn., John Willey and Sons, Inc. New York, ISBN:
dispersion in the matrix. However, the XRD analysis 0-471-35924-6.
showed the combination of both intercalation andNello; P., 2005. Polypropylene Hand Book. 2nd Edn.,

micromixing due to some agglomeration formed during ~ S€'many: Hanser Gadner Publication, Inc., ISBN:
the process. 0-8247-4064-5, pp: 326.
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