EFFECT OF SEPIOLITE CONTENT ON MECHANICAL, THERMAL AND
FLAMMABILITY PROPERTIES OF ETHYLENE VINYL ACETATE
NANOCOMPOSITE

HOSSEIN CHERAGHI BIDSORKHI

UNIVERSITI TEKNOLOGI MALAYSIA



EFFECT OF SEPIOLITE CONTENT ON MECHANICAL, THERMAL AND
FLAMMABILITY PROPERTIES OF ETHYLENE VINYL ACETATE
NANOCOMPOSITE

HOSSEIN CHERAGHI BIDSORKHI

A dissertation submitted in partial fulfillment of the
requirements for the award of the degree of

Master of Science (Polymer Technology)

Faculty of Chemical Engineering

University Technology Malaysia

October 2013



I lovingly dedicate this thesis to my wife Zhaleh and my Mother and Father who

supported me each step of the way.



ACKNOWLEDGEMENT

First and foremost, | would like to acknowledge my supervisor, Dr Zurina
Mohamad, for her encouragement, guidance and inspiration throughout this research.
| also appreciate Nima Moazeni for his guidance and encouragement. | would like to
thank Mohammad Soheilmoghaddam, who as a good friend was always willing to

help and give his best suggestions. It would have been a lonely lab without him.

| wish to express my deep appreciation to all the lecturers from Department
of Polymer Engineering who have directly or indirectly contributed towards the
success of my research project. | also wish to thanks all the technicians of
laboratories of polymer engineering for their help in my research. Thanks to all my
friends for helping me during two years. My research would not have been possible

without their helps.

I also would like to thank and acknowledge my parents for everything’s. They
were always supporting me and encouraging me with their best wishes. | want to say

I love you my dear Mom and Dad, you are my life.

Last but not least, 1 would like to extend my sincere thanks to my Wife
Zhaleh Nayebossadrian for her continuous love and encouragement, for always
believing in me and never failing to provide me any support. Without her

companionship, it would not have been possible to complete this work.



ABSTRACT

Polymer/clay nanocomposites are a new class of composite materials
consisting of a polymer matrix with dispersed clay nanoparticles. Ethylene vinyl
acetate (EVA)/Sepiolite and EVA/modified Sepiolite (M-Sepiolite) nanocomposites
were prepared by melt extrusion using a counter-rotating twin-screw extruder
followed by injection molding in order to examine the mechanical, morphological,
thermal and flammability properties of the nanocomposites. Sepiolite was modified
with silane treatment (M-Sepiolite). Sepiolite content was various in EVA with 1, 3,
5 and 7 wt%. The mechanical properties of EVA/Sepiolite and EVA/M-sepiolite
nanocomposites were studied through tensile. Scanning electron microscopy (SEM)
was used to investigate the phase morphology of nanocomposites. The thermal
properties were determined using Thermogravimetric analysis (TGA) and flame
retardancy of nanocomposites was conducted by characterization for limiting oxygen
index. The mechanical, thermal and flame retardancy properties of EVA / Sepiolite
nanocomposite increased with the increase sepiolite content due to good dispersion
and well interface interaction between Sepiolite and EVA. The mechanical, thermal
and flame retardancy properties the EVA/M-Sepiolite nanocomposite was better than
the mechanical, thermal and flame retardancy properties of EVA/Sepiolite
nanocomposite, where the modification of Sepiolite caused extremely good interface
interaction, as well as good dispersion and better adhesion between Sepiolite and

polymer matrix.
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ABSTRAK

Nanokomposit polimer/tanah liat adalah komposit kelas baru, terdiri daripada
matriks polimer yang terisi dengan zarah tanah liat yang bersaiz nano. Nanokomposit
etilena vinil asetat (EVA) and EVA/sepiolite yang telah diubahsuai (M-Sepiolite)
disediakan melalui proses pengektrudan lebur dengan menggunakan ekstruder skru
berkembar yang berputar bertentangan arah, diikuti dengan mesin pengacuanan
untuk mengkaji sifat mekanik, morfologi, termal dan sifat untuk terbakar bagi
komposit nano. Sepiolite telah diubahsuai dengan rawatan menggunakan silane (M-
Sepiolite). Kandungan sepiolite di dalam EVA telah divariasikan kepada 1,3,4,5 dan
7 wt.%. Sifat mekanikal EVA/sepiolite dan komposit nano EVA/M-sepiolite telah
dikaji menggunakan mesin tegangan dan mesin penguji kekerasan. Mesin pengimbas
electron (SEM) telah digunakan untuk mengkaji morfologi komposit nano. Sifat
termal telah ditentukan dengan menggunakan analisis termogravimetri, dan ujian
rintangan untuk terbakar telah dijalankan dengan pencirian untuk indeks oksigen
yang terhad. Sifat mekanikal, termal dan rintangan untuk terbakar komposit
nano/Sepiolite telah meningkat dengan penambahan kandungan sepiolite disebabkan
oleh penyebaran dan interaksi yang baik antara sepiolite dan EVA. Sifat mekanikal,
termal dan kerintangan untuk terbakar bagi komposit nano EVA/M-Sepiolite adalah
lebih baik daripada sifat-sifat yang dipunyai oleh komposit nano EVA/Sepiolite, di
mana sepiolite yang telah diubahsuai menghasilkan interaksi yang amat baik, begitu

juga dengan penyebaran antara sepiolite dan matriks polimer.
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CHAPTER 1

INTRODUCTION

1.1  Background

Polymer—clay nanocomposites are a new class of composite materials
consisting of a polymer matrix with dispersed clay nanoparticles. The interest in such
systems (organic—inorganic hybrid material) is due to the fact that, the ultrafine or
nano dispersion of filler, as well as the local interactions between the matrix and
filler, lead to a higher level of properties than for equivalent micro- and macro
composites. In recent years, more attention has been given to incorporate
nanomaterials into the polymer matrices to obtain high performance nanocomposites.
Polymer/clay nanocomposites have drawn considerable interest because of their
enhanced properties, including flame resistance, mechanical properties, gas barrier
properties, thermal stability, and biodegradability when compared to pristine
polymers (Wilson et al., 2012) .Provided by only small amounts of nanometer-size

clays homogeneously dispersed in a polymeric matrix.



Ethylene-vinyl acetate (EVA) copolymers with different acetate contents are
extensively used in many fields, especially in the wire and cable industry. With
different percentage of vinyl acetate in the copolymer it has different properties such
as, thermoplastic use low percentage of vinyl acetate in copolymer, and high
percentage of vinyl acetate in polymer is used on oil resistant and to be ready for hot
melt adhesive; so, the percentage of VA is an significant matter in the copolymer.
However, EVA copolymers are particularly flammable and emit a large amount of
smoke while burning, which restrict their practical applications. The thermal
degradation behavior of EVA has been studied by several researchers, and
information such as structural changes, identification of volatile decomposition
products, and degradation mechanism has been derived (Fu andQu, 2004; Wenwei
etal., 1994).

Nanoclay is widely used to improve the properties of EVA. EVA/clay
nanocomposites can be easily prepared because the EVA contains polar group, vinyl
acetate (VA), which can effectively interact with clay. They found that the interlayer
distance of MMT increased with VA content increasing. But when VA content is
beyond 15 wt%, there is no further increase of interlayer distance (Zhang et al.,
2003) .The clay can also be used to reinforce polymers because of the large interface
area resulting in strong interaction between the polymer matrix and the nano filler
(Chen et al., 2011; Zhang et al., 2003).

Considering the application, todays several method to reinforce EVA have
been done for improvement physical and chemical properties improvement, for
example EVA is blended with other polymers and reinforced with various filler or
additive. Clay that is frequently used for improvement of EVA in last decades are
organophilic clay (OMMT), ufunctionalized clay (Na-MMT) and sepiolite (Nyambo
et al., 2009; Wilson et al., 2012).



Sepiolite nanofiller is one type of clay that have been use in polymer
composites. The sepiolite has a fibroid hydrated magnesium silicate, with common
composition Mg4Si6015(OH)2-6H20 (Huang, Chen, Yi, et al., 2010) . The Sepiolite

include a lot physic chemical properties such as High liquid absorption, mechanical
strength in wet conditions, low weight, control of rheological properties in heat

application systems, improving fire resistance (Galan, 1996).

Silane coupling has been predominantly employed since the early 1960 as the
bonding method for the resin-filler interface. Although other coupling technigues,
like micromechanical coupling have been investigated and applied, their success has
been limited. An important advantage of silane coupling is that the hydrolysis (and
reformation) of the chemical bond between silane coupling agent and filler material

is a reversible process (Venhoven et al., 1994).

Sepiolite is treated by various method and different material; sepiolite can be
treating on surface or edge treatment and treat inside clay or change structure of clay
with some matter. The discontinuity of the silica sheets gives rise to the presence of
silanol groups (Si—OH) at the edges of the tunnels, which are the channels opened to
the external surface of the sepiolite particles. The presence of silanol groups (Si—OH)
can enhance the interfacial interaction between sepiolite and polar polymers. The
distribution of nano clay is proven to be well dispersed in EVA within introduction
of compatibilizing agent due to the interaction of hydrogen bonding between
magnesium group in the organic surface of the sepiolite with the carbonyl group of

EVA chain segment contributes to this process (Huang, Chen, Yi, et al., 2010).



1.2 Problem Statement

Various methods have been employed on EVA in order to improve the
properties of EVA especially mechanical and flammability properties. Nanoclays
have widely being incorporated with EVA to explore the capability of nanofiller to

enhance the properties.

According to Ahamad et al. (2011), the flame retardant, mechanical and
thermal properties of ternary magnesium hydroxide/clay/EVA nanocomposites had
significantly improved without losing its mechanical properties. The
EVA/clay/Mg(OH), nanocomposites showed better thermal, flame retardant and
mechanical properties compared with nanocomposites of EVA filled only with the
nano Mg(OH), and this demonstrate the role of clay in the nanocomposites (Ahamad
etal., 2012).

In the previous research the flame retardant and thermal properties of EVA-
nanocomposites are improved by combination of nanofiller with aluminium
trihydrate. The thermal stability of EVA / nanofiller nanocomposites is increased by
very small amount of nanofiller within the polymer matrix. Nanocomposites show a
delay of the degradation; the peak of heat release measured by a cone calorimeter is
dramatically reduced. Char configuration of the nanocomposites has been improved

and is responsible for the very good flame retardancy (Beyer, 2001b).

Yaru Shi et al. (2009) reported on EVA/nanoclay nanocomposites were made
by polymer modified clay master batch approach for study of mechanical properties
and flame retardancy of EVA/MMT nanoclay nanocomposites. The mechanical
properties of nanocomposites is enhanced by increased two time of tensile strength
and tripled Young’s modulus, in addition the toughness of EVA/nanoclay



nanocomposites decreased insignificantly than EVA. The flame retardancy of
nanocomposites increased with rising of content of nanoclay (Shi et al., 2009).

Use of the compatibilizer and clay treatment are also considered for further
improvement of polymer properties .According to Qianping Ran et al. (2005) , EVA-
MMT nanocomposite was provided by melt intercalation where the MMT was
treated with interfacial method by swelling agent hexadecy 1
trimethylammonium bromide (CTAB) and was diffused in the poly(ethylene
vinyl acetate). The CTAB-MMT was able to strengthen the EVA. The optimal
tensile and tear strengths of the EVA/ CTAB-MMT composites were obtained with
5wt% CTAB-MMT in the composites. Compared with the EVA/MMT composites,
the interfacial interaction of the EVA/CTAB-MMT nanocomposites was markedly
enhanced. The EVA/CTAB-MMT nanocomposites exhibited higher thermal stability
(Ran et al., 2006).

There is no work reported on the mechanical, thermal and flame retardancy of
EVA/Sepiolite nanocomposites and effect of modified Sepiolite on the properties of
EVA nanocomposites. The Sepiolite, which is a natural clay mineral, is attractive
filler for polymer because of its acicular form, low cost, and abundance. Furthermore
the surface of Sepiolite is easily modified(\Volle et al., 2012).

In this study, Sepiolite nanofiller incorporated with EVA and the silane
treatment conducted on Sepiolite nanoclay. The mechanical properties, thermal and

flammability properties of EVA/sepiolite nanocomposite evaluated.



1.3 Objectives of study

This research focuses on the effect of Sepiolite and M-Sepiolite on EVA
nanocomposite for the improvement of flame-retardant, mechanical properties and

thermal properties.

The main objective of this research can further divided as below:

1. To investigate the effect of sepiolite content on the mechanical, thermal

and flammability properties of EVA / Sepiolite nanocomposite.

2. To determine the effect of silane treatment of sepiolite on the mechanical,

thermal and flammability properties of EVA / sepiolite nanocomposites.

1.4 Scopes of study

In order to achieve the objectives of this research, the following activities
have been carried out:

1. Literature review
Literature research on background of copolymer EVA, clays and clay
minerals and sepiolite, and also the effect of nanoclay sepiolite for improve

flammability and properties EVA/clay the nanocomposite.



2. Sample preparation

a. Modification sepiolite with silane treatment

b. Mixing Sepiolite and M-Sepiolite with EVA with the amount of Sepiolite
various from 1-7 wt% in EVA.

c. Prepare the sample with melt extrusion

3. Sample characterization
a. Morphological

. Field Emission Scanning Electron Microscope (FESEM) was used
to investigate the surface and cross section structure and
morphology quality of EVA and EVA Sepiolite and M-Sepiolite
nanocomposites.

ii. X-ray Diffraction (XRD) was employed for the investigation of
bundle Sepiolite and M-Sepilite aggregation and delamination
behavior in EVA matrix.

b. Mechanical test

I. Tensile test was used to identify tensile properties such as tensile

strength, Young’s modulus and elongation at break.

c. Thermal analysis

I. Thermo gravimetric analysis (TGA) was carried out to determine

thermal stability properties such as the initial degradation



temperature at 5% mass loss T5%, Final degradation temperature
Td and char residual.

d. Flammability test
I. Limiting Oxygen Index Test (LOI) was done to obtain Flame
retardancy properties like Limiting oxygen index (LOI) value.



64

REFERENCES

Ahamad, A., Patil, C., Mahulikar, P., Hundiwale, D., andGite, V. (2012). Studies on
the flame retardant, mechanical and thermal properties of ternary magnesium
hydroxide/clay/EVA nanocomposites. Journal of Elastomers and Plastics.
44(3), 251-261.

Alkan, M., andBenlikaya, R. (2009). Poly (vinyl alcohol) nanocomposites with
sepiolite and heat-treated sepiolites. Journal of Applied Polymer Science.
112(6), 3764-3774.

Basurto, F. C., Garcia-L6pez, D., Villarreal-Bastardo, N., Merino, J. C., andPastor, J.
M. (2012). Nanocomposites of ABS and sepiolite: Study of different clay
modification processes. Composites Part B: Engineering. 43(5), 2222-2229.

Benlikaya, R., Alkan, M., andKaya, 1. (2009). Preparation and characterization of
sepiolite-poly (ethyl methacrylate) and poly (2-hydroxyethyl methacrylate)
nanocomposites. Polymer Composites. 30(11), 1585-1594.

Beyer, G. (2001a). Flame retardant properties of EVA-nanocomposites and
improvements by combination of nanofillers with aluminium trihydrate. Fire
and Materials. 25(5), 193-197.

Beyer, G. (2001b). Flame retardant properties of EVA-nanocomposites and
improvements by combination of nanofillers with aluminium trihydrate. Fire
and Materials. 25(5), 193-197.

Bilotti, E., Fischer, H., andPeijs, T. (2008). Polymer nanocomposites based on
needle-like sepiolite clays: Effect of functionalized polymers on the
dispersion of nanofiller, crystallinity, and mechanical properties. Journal of
Applied Polymer Science. 107(2), 1116-1123.

Brindley, G. W., andBrown, G. (1980). Crystal structures of clay minerals and their
X-ray identification. New York: Mineralogical Society.

Burns, N. M. (1979). The radiation crosslinking of ethylene copolymers. Radiation
Physics and Chemistry (1977). 14(3), 797-808.



65

Camino, G., Maffezzoli, A., Braglia, M., De Lazzaro, M., andZammarano, M.
(2001). Effect of hydroxides and hydroxycarbonate structure on fire retardant
effectiveness and mechanical properties in ethylene-vinyl acetate copolymer.
Polymer Degradation and Stability. 74(3), 457-464.

Casal, B., Merino, J., Serratosa, J. M., andRuiz-Hitzky, E. (2001). Sepiolite-based
materials for the photo-and thermal-stabilization of pesticides. Applied Clay
Science. 18(5), 245-254.

Chen, H., Zeng, D., Xiao, X., Zheng, M., Ke, C., andLi, Y. (2011). Influence of
organic modification on the structure and properties of polyurethane/sepiolite
nanocomposites. Materials Science and Engineering: A. 528(3), 1656-1661.

Chen, H., Zheng, M., Sun, H., andJia, Q. (2007). Characterization and properties of
sepiolite/polyurethane nanocomposites. Materials Science and Engineering:
A. 445, 725-730.

Choudhury, A., Bhowmick, A. K., andOng, C. (2009). Novel role of polymer—
solvent and clay-solvent interaction parameters on the thermal, mechanical
and optical properties of polymer nanocomposites. Polymer. 50(1), 201-210.

Dalai, S., andWenxiu, C. (2002). Radiation effects on LDPE/EVA blends. Journal of
Applied Polymer Science. 86(5), 1296-1302.

Frost, R. L., andDing, Z. (2003). Controlled rate thermal analysis and differential
scanning calorimetry of sepiolites and palygorskites. Thermochimica Acta.
397(1), 119-128.

Fu, M., andQu, B. (2004). Synergistic flame retardant mechanism of fumed silica in
ethylene-vinyl acetate/magnesium hydroxide blends. Polymer Degradation
and Stability. 85(1), 633-639.

Fukushima, K., Tabuani, D., Abbate, C., Arena, M., andFerreri, L. (2010). Effect of
sepiolite on the biodegradation of poly (lactic acid) and polycaprolactone.
Polymer Degradation and Stability. 95(10), 2049-2056.

Fukushima, K., Tabuani, D., andCamino, G. (2009). Nanocomposites of PLA and
PCL based on montmorillonite and sepiolite. Materials Science and
Engineering: C. 29(4), 1433-1441.

Galan, E. (1996). Properties and applications of palygorskite-sepiolite clays. Clay
Minerals. 31(4), 443-454.



66

Gianelli, W., Camino, G., Dintcheva, N. T., Verso, S. L., andMantia, F. P. L. (2004).
EVA-Montmorillonite Nanocomposites: Effect of Processing Conditions.
Macromolecular Materials and Engineering. 289(3), 238-244.

Grim, R. E. (1962). Applied clay mineralogy. McGraw-Hill New York.

Grim, R. E. (1968). Clay mineralogy. McGraw-Hill New York.

Gul, R., Islam, A., Yasin, T., andMir, S. (2011). Flame-retardant synergism of
sepiolite and magnesium hydroxide in a linear low-density polyethylene
composite. Journal of Applied Polymer Science. 121(5), 2772-2777.

Haden, W. L., andSchwint, I. A. (1967). Attapulgite: its properties and applications.
Industrial & Engineering Chemistry. 59(9), 58-69.

Huang, N., Chen, Z., Wang, J., andWei, P. (2010). Synergistic effects of sepiolite on
intumescent flame retardant polypropylene. Express Polym. Lett. 4, 743.

Huang, N., Chen, Z., Yi, C., andWang, J. (2010). Synergistic flame retardant effects
between sepiolite and magnesium hydroxide in ethylene-vinyl acetate (EVA)
matrix. Express Polymer Letters. 4, 227-233.

Jeffers, J., andReynolds, R. (1987). Expandable palygorskite from the Cretaceous-
Tertiary boundary, Mangyshlak Peninsula, USSR. Clays and Clay Minerals.
35(6), 473-476.

Jones, B., andGalan, E. (1988). Sepiolite and palygorskite. Reviews in Mineralogy
and Geochemistry. 19(1), 631-674.

La Mantia, F., Lo Verso, S., andTzankova Dintcheva, N. (2002). EVA copolymer
based nanocomposites. Macromolecular Materials and Engineering. 287(12),
909-914.

La Mantia, F., Lo Verso, S., andTzankova Dintcheva, N. (2003). EVA copolymer
based nanocomposites. Macromolecular Materials and Engineering. 287(12),
909-914.

Ma, J., Bilotti, E., Peijs, T., andDarr, J. (2007). Preparation of
polypropylene/sepiolite nanocomposites using supercritical CO< sub>
2</sub> assisted mixing. European Polymer Journal. 43(12), 4931-4939.

McGarry, K., Zilberman, J., Hull, T. R., andWoolley, W. D. (2000). Decomposition
and combustion of EVA and LDPE alone and when fire retarded with ATH.
Polymer international. 49(10), 1193-1198.



67

Murray, H. (1999). Applied clay mineralogy today and tomorrow. Clay Minerals.
34(1), 39-49.

Murray, H. H. (1991). Overview—clay mineral applications. Applied Clay Science.
5(5), 379-395.

Murray, H. H. (2007a). Applied Clay Mineralogy: Occurrences, Processing, and
Application of Kaolins, Bentonites, Palygorskite-sepiolite, and Common
Clays. Elsevier Science Limited.

Murray, H. H. (2007b). Applied clay mineralogy: occurrences, processing, and
application of kaolins, bentonites, palygorskite-sepiolite, and common clays.
(Vol. 2): Elsevier Science.

Nyambo, C., Kandare, E., andWilkie, C. A. (2009). Thermal stability and
flammability characteristics of ethylene vinyl acetate (EVA) composites
blended with a phenyl phosphonate-intercalated layered double hydroxide
(LDH), melamine polyphosphate and/or boric acid. Polymer Degradation and
Stability. 94(4), 513-520.

Odian, G. (2004). Principles of Polymerization. Wiley-Staten Island, New York.

Ovcharenko, F. D. (1964). The colloid chemistry of palygorskite. Israel Program for
Scientific Translations.

Pasanovic-Zujo, V., Gupta, R. K., andBhattacharya, S. N. (2004). Effect of vinyl
acetate content and silicate loading on EVA nanocomposites under shear and
extensional flow. Rheologica acta. 43(2), 99-108.

Plueddemann, E. P. (1982). Silane Coupling Agents. Springer-New York.

Ran, Q., Hua, H., Tian, Y., Wu, S., andShen, J. (2006). Preparation and
characterization of EVA/MMT nanocomposites. Polymers & polymer
composites. 14(3), 301-306.

Shafiee, M., andRamazani, S. (2008). Investigation of Barrier Properties of Poly
(ethylene vinyl acetate)/Organoclay Nanocomposite Films Prepared by Phase
Inversion Method. Macromolecular Symposia. 1-5.

Shi, Y., Kashiwagi, T., Walters, R. N., Gilman, J. W., Lyon, R. E., andSogah, D. Y.
(2009). Ethylene vinyl acetate/layered silicate nanocomposites prepared by a
surfactant-free method: Enhanced flame retardant and mechanical properties.
Polymer. 50(15), 3478-3487.



68

Singer, A. (1984). Palygorskite-sepiolite Occurrences, Genesis, and Uses. (Vol. 37):
Elsevier-New York.

Sinha Ray, S., andBousmina, M. (2005a). Biodegradable polymers and their layered
silicate nanocomposites: In greening the 21st century materials world.
Progress in Materials Science. 50(8), 962-1079.

Sinha Ray, S., andBousmina, M. (2005b). Effect of organic modification on the
compatibilization efficiency of clay in an immiscible polymer blend.
Macromolecular rapid communications. 26(20), 1639-1646.

Sung, Y., Kum, C., Lee, H., Kim, J., Yoon, H., andKim, W. (2005). Effects of
crystallinity and crosslinking on the thermal and rheological properties of
ethylene vinyl acetate copolymer. Polymer. 46(25), 11844-11848.

Tartaglione, G., Tabuani, D., andCamino, G. (2008). Thermal and morphological
characterisation of organically modified sepiolite. Microporous and
Mesoporous Materials. 107(1), 161-168.

Turhan, Y., Turan, P., Dogan, M., Alkan, M., Namli, H., andDemirbas, O. (2008).
Characterization and adsorption properties of chemically modified sepiolite.
Industrial & Engineering Chemistry Research. 47(6), 1883-1895.

Valera-Zaragoza, M., Ramirez-Vargas, E., Medellin-Rodriguez, F., andHuerta-
Martinez, B. (2006). Thermal stability and flammability properties of
heterophasic PP-EP/EV A/organoclay nanocomposites. Polymer Degradation
and Stability. 91(6), 1319-1325.

Venhoven, B., De Gee, A., Werner, A., andDavidson, C. (1994). Silane treatment of
filler and composite blending in a one-step procedure for dental restoratives.
Biomaterials. 15(14), 1152-1156.

Volle, N., Giulieri, F., Burr, A., Pagnotta, S., andChaze, A. M. (2012). Controlled
interactions between silanol groups at the surface of sepiolite and an acrylate
matrix: Consequences on the thermal and mechanical properties. Materials
Chemistry and Physics. 134(1), 417-424.

Wang, F., Cheng, M. M., Ma, L. J., andFan, C. (2012). Advances in Process
Technology of Sepiolite Mineral Fibrous Materials. Advanced Materials
Research. 499, 193-197.



69

Wenwei, Z., Xiaoguang, Z., Li, Y., Yuefang, Z., andlJiazhen, S. (1994).
Determination of the vinyl acetate content in ethylene-vinyl acetate
copolymers by thermogravimetric analysis. Polymer. 35(15), 3348-3350.

Wilson, R., George, S., Maria, H., Plivelic, T. S., Sivasankarapillai, A., andThomas,
S. (2012). Clay Intercalation and its Influence on the Morphology and
Transport Properties of EVA/Clay Nanocomposites. The Journal of Physical
Chemistry C.

Xie, S., Zhang, S., Wang, F., Yang, M., Séguéla, R., andLefebvre, J.-M. (2007).
Preparation, structure and thermomechanical properties of nylon-6
nanocomposites with lamella-type and fiber-type sepiolite. Composites
science and technology. 67(11), 2334-2341.

Yeh, J., Yang, M., andHsieh, S. (1998). Combustion of polyethylenes filled with
metallic hydroxides and ethylene vinyl acetate copolymer. Polymer
Degradation and Stability. 61(3), 465-472.

Yu, Y., Qi, S., Zhan, J., Wu, Z., Yang, X., andWu, D. (2011). Polyimide/sepiolite
nanocomposite films: Preparation, morphology and properties. Materials
Research Bulletin. 46(10), 1593-1599.

Zhang, W., Chen, D., Zhao, Q., andFang, Y. (2003). Effects of different kinds of clay
and different vinyl acetate content on the morphology and properties of
EVA/clay nanocomposites. Polymer. 44(26), 7953-7961.

Zheng, Y., andZheng, Y. (2006). Study on sepiolite-reinforced polymeric
nanocomposites. Journal of Applied Polymer Science. 99(5), 2163-2166.





