
Introduction

Smectite is the name of a sodium, magnesium, cal-

cium, iron, potassium and lithium aluminosilicate

group which is the main clay mineral constituent of

montmorillonite. The clay minerals of this group pres-

ent two-dimensional layers formed by fusing two silica

tetrahedral sheets with an edge-shared octahedral sheet

of either alumina or magnesia [1]. These clays can in-

teract with organic compounds to form complexes with

varying stabilities and properties. The organoclays

were obtained by the addition of quaternary ammo-

nium salts (containing at least 12 carbon atoms) to

aqueous dispersions of sodium smectite clays. In these

dispersions the clay particles or layers must be sepa-

rated from one another and not be stacked, in order to

facilitate the introduction of the organic compounds.

Consequently, some of the cations, typically Na
+

and/or Ca
2+

– they compensate the charge deficiency

which is generated by isomorphous substitution within

the layers – are replaced by the organic cations of qua-

ternary ammonium salts that were adsorbed on the neg-

ative sites of the clay surfaces [2].

Polymer nanocomposites are materials that pre-

sented excellent properties such as thermal stability

and flammability. Small amounts of organoclays

(<10 mass%) used in the polymer matrices influence

significantly several properties, such as mechanical,

thermal, optical, electric, dimensional, flammability

and barrier due to the large contact area between poly-

mer and clay on a nanoscale as reported in [3–7]. With

regard to their easy preparation and properties an im-

portant group is the polymer-silicate nanocomposites.

In general, to facilitate the intercalation of the silicate

layers with the polymer, the clay is modified by a qua-

ternary ammonium salt through a cation change reac-

tion, because the ammonium salt changes the surface

of the clay from hydrophilic to organophilic. Polyeth-

ylene/organoclay nanocomposites have been prepared

by melt intercalation technique. Due to the combina-

tion of many important properties, e.g. low mass, low

cost, good processability, etc. [5, 8–11], polyethyl-

ene (PE) is a widely used substance in this field. In

general, PE/clay nanocomposites are produced by melt

intercalation and in situ polymerization [10]. However,

it should be mentioned that the reaction products and

the clay itself can catalyze the degradation of the poly-

mer. As it was pointed out by Ray and Okamoto [12]

and Zhao et al. [13] the thermal stability of the PE/clay

nanocomposites has distinguished importance.

The aim of the present work is to prepare

organophilic clays by using different types of quater-

nary ammonium salts and then their addition in

5 mass% to a polyethylene matrix in order to evaluate

the rheological, crystallization and mechanical prop-

erties of the produced nanocomposites.

Experimental

Starting materials

The pristine clay used was Na-montmorillonite (MMT,

Brasgel PA, Boa Vista/PB, Northeast of Brazil) sup-

1388–6150/$20.00 Akadémiai Kiadó, Budapest, Hungary

© 2007 Akadémiai Kiadó, Budapest Springer, Dordrecht, The Netherlands

Journal of Thermal Analysis and Calorimetry, Vol. 87 (2007) 3, 811–814

THERMAL AND MECHANICAL PROPERTIES OF PE/ORGANOCLAY

NANOCOMPOSITES

E. M. Araújo
1*

, Renata Barbosa
1
, Amanda D. Oliveira

1
, Crislene R. S. Morais

1
, T. J. A. de Mélo

1

and A. G. Souza
2

1
Departmento de Engenharia de Materiais, Universidade Federal de Campina Grande, PB, Brazil

2
Departmento de Química, CCEN, Universidade Federal da Paraíba, PB, Brazil

Polyethylene/montmorillonite clay nanocomposites were obtained via direct melt intercalation. The clay was organically modified

with four different types of quaternary ammonium salts. The objective of this work is to study the use of montmorillonite clay in the

production of nanocomposites by means on rheological, mechanical and crystallization properties of nanocomposites and to com-

pare to the properties of the matrix and PE/unmodified clay nanocomposites. In general, the tensile test showed that the yield

strength and modulus of the nanocomposites are close to the pure PE. Apparently, the mixture with Dodigen salt seems to be more

stable than the pure PE and PE/unmodified clay.

Keywords: nanocomposite, organoclay, polyethylene, thermal stability

* Author for correspondence: edcleide@dema.ufcg.edu.br



plied by Bentonit Uni�o do Nordeste with a cation ex-

change capacity (CEC) of 90 meq/100 g. The

interlayer spacing (d001) obtained by XRD was 12.5 �.

MMT was dried at 60°C for 48 h prior to use.

The quaternary ammonium salts used for the

modification of MMT were: alkyl dimethyl benzyl-

ammonium chloride (DOD, Dodigen;

C19H32N
+
(CH3)2Cl

–
), cetyl trimethyl ammonium chlo-

ride (GEN, Genamin; C16H33N
+
(CH3)3Cl

–
), esthearil

dimethyl ammonium chloride (PRAEP, Praepagen;

(C16H33)2N
+
(CH3)2Cl

–
) all industrial grades supplied

by Clariant/Brazil and cetyltrimethylammonium bro-

mide (BRO, Bromide; C16H33N
+
(CH3)3Br

–
), industrial

grade from Vetec/Brazil. High density polyethyl-

ene (PE), HI-760UV, supplied by Braskem/Brazil, was

used as matrix.

Preparation of the organophilic montmorillonite and

nanocomposites

An aqueous solution containing about 20.0 g of quater-

nary ammonium salts (Dodigen, Genamin and

Praepagen) was added to a 2000 mL glass flask con-

taining 32 g of Na
+
-montmorillonite (MMT) passing

through a 200 mesh sieve, and 768 mL of distilled wa-

ter. The mixtures were mechanically stirred for 20 min.

The resulting organo-montmorillonite (OMMT) was

washed with distilled water for several times to remove

excess salts, dried at 60°C for 48 h and finally ground

in order to pass through a 200 mesh sieve according to

the procedure described by Araújo et al. [14–17] and

Barbosa [5]. The bromide salt was used as received.

Mixtures of PE containing 5 mass% of montmo-

rillonite clay (unmodified and salt modified ones) were

obtained by a Torque Rheometer Haake with internal

mixer, operating at 190°C, 60 rpm for 7 min. After

mixing, the nanocomposites were prepared by com-

pression molding at 200°C. Tensile tests to investigate

the mechanical properties were done using a universal

tensile Loyd LR/10KN machine with a crosshead ve-

locity of 50 mm min
–1

according to ASTM D638. Izod

impact test was carried out on notched specimens at

room temperature using a CEAST, model Resil 2.75J,

according to ASTM D256. Minimum five parallel

measurements were done for each test.

Thermal analysis

Thermal stability was investigated using a Shimadzu

model DSC 50 equipment at 10°C min
–1

heating rate

from 20 to 360°C in an air.

Results and discussion

Rheological properties

Figure 1 presents the torque curves vs. time for the pure

PE and its mixtures with the unmodified (AST) and

modified clays with Dodigen, Praepagen and Genamin

salts and in the presence of bromide salt. The systems

were named as: PE/AST for polymer mixture with the

unmodified clay: The salt modified ones were named

as Dodigen (PE/ACT-DOD), Praepagen

(PE/ACT-PRAEP) and Genamin (PE/ACT-GEN) and

in the presence of the bromide salt (PE/AST-BRO).

According to Fig. 1, there are no significant differ-

ences between the curves. Apparently, neither deteriora-

tion nor any change in the polymer matrix occurred.

Thermal behavior

Figure 2 summarizes the curves of DSC of the pure PE

and its mixtures. It can be seen that there was no change

in the melting temperatures of the mixtures. Apparently,

the presence of the clay with the Dodigen salt somewhat

delays the degradation. However, these differences are

not so significant compared to the pure PE.
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Fig. 1 Rheological curves of PE and its nanocomposites

Fig. 2 DSC curves of PE and its nanocomposites



Mechanical properties

Table 1 shows the yield strength, tensile modulus,

elongation at break and Izod impact strength of the

pure PE and its nanocomposites. The PE+ACT/GEN,

PE+ACT/PRAEP and PE+ACT/BRO systems have

larger values of the tensile modulus and they are

higher compared to the pure polyethylene. In general,

the yield strength, elongation at break and Izod im-

pact strength of systems were lower compared to the

PE matrix. The Izod impact strength of the nano-

composites containing modified clays with Genamin

and Bromide showed remarkable difference com-

pared to other systems. However, it can be observed

too, that the standard deviation of the systems with

ACT/BRO was higher than ACT/GEN. In agreement

with Zhao et al. observation [13], according to the re-

sults obtained for the modulus and the elongation, the

clay itself contributes for the rigidity increase of the

PE matrix. As it was reported in [18–20], in general,

when low amounts of modified layered silicates are

used, the mechanical properties are the same as those

for pure polymers. Xu et al. [21] reported that the

worse properties of nanocomposites can be attributed

to the weak interactions between polymer and clay,

which can be attributed to the non-polar nature of the

polymer matrix. Hence, a sufficient level of layer sep-

aration has to achieve to reduce layer–layer attraction

of clay and favors the intercalation/exfoliation of the

polymer into organoclay. In other words, the larger

the organic species of the quaternary ammonium

salts, the larger the separation of clay layers [22]. Sys-

tems with Nylon6 that has functional groups in its

structure promote a remarkable interaction with the

organoclay [3, 14, 22–24]. It can happen that in the

used mixing equipment the shear rate is insufficient to

promote the full exfoliation or dispersion of the parti-

cles in nano-scale compared to a twin screw extruder.

The mechanical and thermal properties and

morphology of the obtained PE nanocomposites in

extruder will be studied and reported later.

Conclusions

Four different types of quaternary ammonium salts

were used to modify the montmorillonite clay. PE/clay

nanocomposites, which were prepared by melt interca-

lation in order to study the effect of the salts and

organoclay on the thermal stability and mechanical

properties of PE. No significant differences were found

in the organophilic properties of clay modified with

different types of quaternary ammonium salts. The

torque values for all the studied systems practically did

not change comparing all the systems to the clay and

the pure polyethylene. Thermal analysis using DSC

confirmed that the presence of the unmodified and the

salt-modified clay did not alter the crystallinity of the

PE. Furthermore, it seems the presence of the salt de-

lays the polymer matrix degradation. The tensile

modulus of the PE systems prepared with unmodified

clay and quaternary ammonium salts modified clay did

not present significant difference but the modulus was

higher compared to the pure polyethylene. The yield

strength and elongation at break of the systems with

unmodified and salt-modified clay were smaller than

the pure polyethylene. Probably, the presence of clay

increased the rigidity of the PE matrix.

Acknowledgements

The authors acknowledge Braskem for the kind supply of PE,

Bentonit Uni�o do Nordeste for the supply of the clay,

Clariant for the supply of the quaternary ammonium salts,

RENAMI (Rede de Nanotecnologia Molecular e de Inter-

faces), FAPESQ/MCT/CNPq (Funda��o de Apoio a Pesquisa

do Estado da Paraíba) and CNPq are also acknowledged for

the financial support.

References

1 W. D. Kingery, H. K. Bowen and D. R. Uhlmann,

Introduction to Ceramics, John Wiley & Sons,

New York 1975.

2 P. S. Santos, Tecnologia de Argilas, Aplicada �s Argilas

Brasileiras, Edgard Blücher, S�o Paulo 1975.

3 J. W. Cho and D. R. Paul, Polymer, 42 (2001) 1083.

J. Therm. Anal. Cal., 87, 2007 813

POLYETHYLENE/ORGANOCLAY NANOCOMPOSITES

Table 1 Mechanical properties of the PE matrix and its nanocomposites

Material Tensile modulus/GPa Yield strength/MPa Elongation at break/% Izod impact strength/J m
–1

Pure PE 0.7±0.01 22.5±0.5 11.1±0.7 30.4±0.8

PE/AST 0.8±0.04 21.6±0.4 9.7±0.5 24.0±0.3

PEA/ACT-DOD 0.8±0.05 19.5±0.9 9.1±1.0 27.9±1.7

PE/ACT-PRAEP 0.9±0.07 20.8±0.6 8.8±0.8 24.6±0.9

PE/ACT-GEN 0.9±0.07 21.0±1.3 8.9±0.8 21.4±0.7

PE/ACT-BRO 1.1±0.04 20.0±0.9 8.6±3.7 29.2±1.6



4 M. Zanetti and L. Costa, Polymer, 45 (2004) 4367.

5 R. Barbosa, Effect of Quaternary Ammonium Salts in the

National Bentonite Clay Organophilization for the

Development of HDPE Nanocomposites, M.Sc. Thesis,

University of Campina Grande, 2005.

6 T. G. Gopakumar, J. A. Lee, M. Kontopoulou and

J. S. Parent, Polymer, 43 (2002) 5483.

7 K. H Wang, M. H. Choi, C. M. Koo, Y. S. Choi and

I. J. Chung, Polymer, 42 (2001) 9819.

8 L. F. Boesel and L. A. Pessan, Influ�ncia da Estrutura

Interlamelar da Argila Organofílica na Forma��o de

Nanocompósitos PET – Argila, Proceedings of the

6
th

Brazilian Congress of Polymers, CDROM,

S�o Pedro 2001.

9 S. Wang, Y. Hu, Q. Zhongkai, Z. Wang, Z. Chen and

W. Fan, Mater. Lett., 57 (2003) 2675.

10 M. Kawasumi, N. Hasegawa, M. Kato, A. Usuki and

A. Okada, Macromolecules, 30 (1997) 6333.

11 D. J. Lohse and W. W. Graessley, Thermodynamics of

Polyolefin Blends, Vol. 1, Polymer Blends,

Wiley-Interscience, New York 2000.

12 S. S. Ray and M. Okamoto, Progr. Polym. Sci.,

28 (2003) 1539.

13 C. Zhao, H. Qin, F. Gong, M. Feng, S. Zhang and

M. Yang, Polym. Degrad. Stab., 87 (2005) 183.

14 E. M. Araújo, T. J. A. Mélo, L. N. L. Santana,

G. A. Neves, H. C. Ferreira, H. L. Lira, L. H. Carvalho,

M. M. Ávila Jr., M. K. G. Pontes and I. S. Araújo,

Mater. Sci. Eng. B, 112 (2004) 175.

15 E. M. Araújo, T. J. A. Mélo, L. N. L. Santana, R. Barbosa,

H. S. Ferreira, A. D. Oliveira, H. L. Araujo and

M. M. Ávila Jr., Sintetiza��o e Caracteriza��o de Argilas

Organofílicas a partir de Diferentes sais Quaternários de

Amônio Visando sua Utiliza��o em Nanocompósitos,

Proceedings of the 48
th

Brazilian Congress of Ceramics,

CDROM, Curitiba 2004.

16 E. M. Araújo, R. Barbosa, A. W. B. Rodrigues,

T. J. A. Melo and E. N. Ito, Mater. Sci. Eng. A, (2006),

available on line.

17 R. Barbosa, E. M. Araújo, T. J. A. Melo and E. N. Ito,

Mater. Lett., (2006), available on line.

18 J. Morawiec, A. Pawlak, A. Galeski, E. Piorkowska and

N. Krasnikowa, Eur. Polym. J., 41 (2005) 1115.

19 R. C. Trombini, Development and Characterization of

Polypropylene/Flame Retardant Fillers Compositions,

Ph.D. thesis, Federal University of S�o Carlos, S�o Carlos,

Brazil 2004.

20 G. Beyer, Plastics Additives & Compounding, 2002,

October.

21 J. Xu, R. K. Y. Li, Y. Xu, L. Li and Y. Z. Meng,

Eur. Polym. J., 41 (2005) 881.

22 T. D. Fornes, D. L. Hunter and D. R. Paul,

Macromolecules, 37 (2004) 1793.

23 Y. Mingjun, L.-S. Turng, S. Gong and A. Winardi,

J. Cell. Plastics, 40 (2004) 397.

24 F. Chavarria and D. R. Paul, Polymer, 45 (2004) 8501.

DOI: 10.1007/s10973-006-7758-0

814 J. Therm. Anal. Cal., 87, 2007

ARAÚJO et al.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


