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Structure and properties of EVOH/organoclay
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The nanocomposites of poly(ethylene-co-vinyl alcohol) (EVOH) with organoclay were
prepared by a solution-precipitation method. The structures of nanocomposites were
examined by X-ray diffraction. The exfoliation of organoclay was more evident in the
nanocomposites of the EVOH containing 18 mol% vinyl alcohol (EVOH18), compared to the
EVOH containing 5 mol% vinyl alcohol (EVOH5). Some of the bilayer alkylammonium
structures at the clay gallery changed to monolayer structures in the nanocomposites. The
thermal properties measured by differential scanning calorimetry showed the organoclay
enhanced the crystallization of EVOH, however, it retarded crystallization when there was
too much. The modulus of EVOH18 showed about a 2-fold increase of pristine polymer
when using 7% of reinforcing organoclay. C© 2005 Springer Science + Business Media, Inc.

1. Introduction
Nanocomposites based on organic polymers and lay-
ered silicates such as montmorillonite have attracted
great interest. They exhibit improved performance
properties compared to conventional composites be-
cause their unique phase morphology by layer inter-
calation or exfoliation maximizes interfacial contact
between the organic and inorganic phases. As such,
they greatly improve the thermal, mechanical, barrier
as well as the flame-retardant properties of the polymers
[1–9].

Since the polymer chains experience a significant
loss of conformational entropy when the chains are in-
tercalated into a narrow gallery between silicate lay-
ers, a large negative change of enthalpy is needed to
overcome the entropy loss in order for the chains to
diffuse into the gallery [10]. For most polar or polar-
izable polymers, organoclay is adequate to provide the
sufficient excess enthalpy and to promote nanocompos-
ite formation because organoclay is a layered silicate
made to be organophilic by exchanging the interlayer
cations with alkylammonium ions. However, it is not
easy to disperse silicate layers homogeneously even
with organoclay when the matrix polymer is comprised
of nonpolar polyolefins. Because the silicate layers have
hydroxy groups, the polymer needs to have a significant
enough level of polar functionality that can interact with
the silicate. As such, many studies have reported about
the structure and properties of organoclay nanocom-
posites of polyolefins modified with polar functional
groups such as maleic anhydride [11–15]. These are
used as a compatibilizer in organoclay/nonpolar poly-
olefin nanocomposites.

Poly(ethylene-co-vinyl alcohol) (EVOH) has a hy-
droxy group that can interact with silicate layers. One

study reported on the nanocomposite of EVOH that
contained 68 mol% vinyl alcohol segment [16]. How-
ever, to the best of our knowledge, no paper has re-
ported on the nanocomposite of EVOH whose major
segment is ethylene. So, in this study, we prepared the
nanocomposites of EVOH, whose vinyl alcohol con-
tent is 5 mol% or 18 mol% with varying amounts of
organoclay. We observed the structure and the thermal
and mechanical properties of the nanocomposites.

2. Experimental procedures
2.1. Materials
Poly(ethylene-co-vinyl alcohol) (EVOH) containing 18
mol% vinyl alcohol segment (EVOH18) was supplied
by Polyscience Inc. Its intrinsic viscosity measured at
30 ◦C in phenol/1,1,2,2-tetrachloroethane (70/30 (v/v))
mixture was 98 cm3/g [17]. EVOH containing 5 mol%
vinyl alcohol segment (EVOH5) was obtained by
the saponification of poly(ethylene-co-vinyl acetate)
(Evaflex 550 of Mitsui). Its reduced viscosity measured
at 70 ◦C with a solution of 4.0 × 103 g/cm−3 in toluene
was 61 cm3/g [18]. Organoclay, Cloisite 25A, was ob-
tained from Southern Clay Products Inc. It was reported
that in this organoclay the cations of natural montmoril-
lonite were replaced by dimethyl, hydrogenated tallow,
and 2-ethylhexyl quaternary ammonium ions. Its modi-
fier concentration is 95 mmol/100 g-clay and its weight
loss on ignition is 34%.

2.2. Preparation of nanocomposites
The nanocomposites were prepared by using a solution-
precipitation method. The required amount of organ-
oclay was dispersed in the 4% (w/v) toluene solution
of EVOH at 100 ◦C. These solutions were added to
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an excess (10-fold) of methanol, causing rapid copre-
cipitation. The precipitates were filtered, washed with
methanol, and dried in a vacuum at 80 ◦C for 24 hrs.

2.3. Measurements
X-ray diffraction (XRD) patterns were obtained with
an X-ray diffractomer (X’PERT, Philips) using Cu Kα

radiation (λ = 1.54 Å) as the X-ray source. The diffrac-
tion angle was scanned from 1.2◦ at a rate of 1.2◦/min.

Differential scanning calorimetry (DSC) was car-
ried out with DSC-2100 (TA Instruments) at a heating
and cooling rate of 10◦C/min. Sample weights were
10.0 ± 0.5 mg. The glass transition temperature (Tg)
was measured at the first heating scan to 150◦C from
−25◦C. The temperature at the half-height of the heat
capacity change was taken as the transition point. At
the subsequent cooling scan down to −25◦C, crystal-
lization temperatures (Tc) and heat of crystallization
(�Hc) were measured. The melting temperature (Tm)
was measured at the next heating scan. In this second
heating scan, Tg was not evident in the thermogram,
probably due to high crystallinity. At least three sam-
ples for each specimen were scanned to confirm the
reproducibility.

Tensile testing was done using a tensile tester (Instron
4411, Instron. Co., Ltd.). Micro-tensile specimens were
prepared by the compression molding of precipitate at
130◦C and had a rectangular shape with the dimensions
of 30 mm length, 10 mm width, and 1.6 mm thickness.
The specimen was elongated at the rate of 10 mm/min.
For each data point, five samples were tested, and the
average value was taken.

3. Results and discussion
3.1. XRD
The alkylammonium in the clay gallery can arrange
differently depending on the charge density of clay and
the structure of alkylammonium ions. Monolayer, bi-
layer, pseudo-trilayer, and paraffin structures can be il-
lustrated as typical arrangements [19–21]. Simple cal-
culations about the gallery heights using Bragg’s law
[Equation 1] suggest that dmonolayer = 9.6 + 1 × 4.6 =
14.2 (Å) and the corresponding 2θ = 6.2◦, and that
dbilayer = 9.6 + 2 × 4.6 = 18.8 (Å) and the correspond-
ing 2θ = 4.7◦ [10, 22].

d = λ

2 sin θ
(1)

The organoclay used in this study, Cloisite 25A,
has a peak of around 2θ = 4.7◦ in the XRD pattern
shown in Fig. 1a, which suggests that alkylammonium
ions have a bilayer arrangement. When some amounts
of EVOH18 are blended, in Fig. 1b, the intensity at
low angles of XRD patterns is increased. In Fig. 1c
this intensity increases at a low angle is more evident
and the peak position moves slightly to a lower an-
gle. These show that the gallery gap is expanded by
intercalated EVOH18 molecules. Fig. 1d shows that
EVOH18/organoclay nanocomposite has two peaks lo-
cated around 3.1◦ and 5.2◦ in the XRD pattern when

Figure 1 XRD patterns of EVOH18/organoclay nanocomposites: (a)
0/100, (b) 5/95, (c) 10/90, (d) 30/70, (e) 70/30, (f) 90/10, (g) 95/5, (h)
100/0 by weight.

the composition of EVOH18/organoclay is 30/70 by
weight. The peak at around 3.1◦ shows that the gallery
gap is more expanded at this composition by the interca-
lated EVOH18. However the peak at around 5.2◦ cannot
be considered as the 002 reflection of the intercalated
structure because the peak does not correspond to the
scattering angle two times that of the first peak [10]. The
peak at around 5.2◦ suggests that some of the bilayer
arrangement changes to a monolayer arrangement. This
peak of around 5.2◦ seems to be due to the intercalated
structure of the monolayer arrangement [10, 22, 23]. In
Fig. 1e, a relative peak intensity below 3◦, compared to
an intensity of above 3◦, is increased when compared
to Fig. 1d. This shows that the amount of exfoliated
structure is increased in a 70/30 blend compared to a
30/70 blend. When the composition is 90/10, in Fig. 1f,
peak of around 3.1◦ disappear and peak of around 5.2◦
are much reduced. This shows that much of the organ-
oclay is exfoliated, however some of the intercalated
monolayer structures remained. In Fig. 1g, no evident
peak was observed in the XRD pattern. This shows that
almost all the organoclay has been exfoliated when
the composition of EVOH18/organoclay is 95/5 by
weight.

Fig. 2 shows the XRD patterns of EVOH5/organ-
oclay nanocomposites. We can see in Fig. 2b that the
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Figure 2 XRD patterns of EVOH5/organoclay nanocomposites: (a)
0/100, (b) 10/90, (c) 70/30, (d) 95/5, (e) 99/1, (f) 100/0 by weight.

peak position moves to a lower angle by the develop-
ment of an intercalated structure of bilayer arrange-
ment. When the composition of EVOH/organoclay is
70/30 by weight, two peak were observed due to the in-
tercalated structure of bilayer and monolayer arrange-
ments, in Fig. 2c, at angles around 3.4◦ and 5.2◦, re-
spectively. In Fig. 2d, two peaks at angles around 2.8◦
and 5.1◦ were also observed when the composition
of EVOH18/organoclay is 95/5. Fig. 2e also showed
a small peak around 5.6◦. This shows that an exfo-
liated structure does not develop fully even at these
compositions. When the results of Fig. 2 are compared
to those of Fig. 1, we can see that the development of
an intercalated or exfoliated structure is relatively diffi-
cult for EVOH5 compared to EVOH18 because of the
low content of a hydroxy group. In the previous report
on EVOH/organoclay nanocomposite [16], intercalated
rather than exfoliated structures were mostly observed,
even when the content of vinyl alcohol in EVOH was
68 mol%.

3.2. Thermal properties
Fig. 3 shows the DSC thermograms of EVOH/
organoclay nanocomposites and the thermal properties
measured are summarized in Table I. The super-cooling
necessary for crystallization, Tm − Tc, decreases when
the content of organoclay increases up to around 10%.
This suggests that a silicate layer of organoclay acts

Figure 3 DSC thermograms of EVOH18/organoclay nanocomposite
(100/0, 93/7, 70/30 by weight): (a) first heating scan, (b) cooling scan,
(c) second heating scan.

as a nucleating agent for the heterogeneous nucleation
[24–27]. However, the super-cooling increases again
when the organoclay clay content increases more than
about 10%. This suggests that organoclay hinders the
diffusion and the rearrangement of polymer chains for
crystallization, when there is too much of it. As the
content of organoclay is increased, Table I, the heat of
crystallization, �Hc, decreases after the first increase.
This variation of �Hc also shows that small amounts
of organoclay enhances the crystallization of EVOH,
however, too much organoclay hinders crystallization.
This adverse effects of organoclay on the crystalliza-
tion of EVOH were more evidently observed in the
previous report [16], where the content of vinyl alcohol
in the EVOH was 68 mol%. This may be due to the
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TABLE I Thermal properties of EVOH/organoclay nanocomposities

Composition Tg Tc Tm Tm − Tc �Hc

by weight (◦C) (◦C) (◦C) (◦C) (J/g-EVOH)

EVOH18/organoclay
100/0 33.7 80.8 99.6 18.8 56.3

99/1 35.5 80.5 99.3 18.8 57.3
97/3 35.3 82.6 100.5 17.9 58.1
95/5 35.4 84.5 100.7 16.2 59.3
93/7 35.7 84.6 100.8 16.2 60.0

85/15 30.4 83.8 100.4 16.1 57.8
80/20 28.3 82.8 100.3 17.5 51.0
70/30 29.4 81.8 100.4 18.6 48.2
50/50 29.9 78.5 97.2 18.7 46.8
30/70 31.6 72.7 91.6 18.9 29.9
10/90 37.0 – – – 0.0

EVOH5/organoclay
100/0 – 94.0 106.9 12.9 100.0

99/1 – 94.8 107.0 12.2 101.0
97/3 – 95.7 107.2 11.5 101.8
95/5 – 95.8 107.1 11.3 104.2
93/7 – 95.6 107.3 11.7 104.9

85/15 – 93.9 106.8 12.9 112.3
80/20 – 93.9 106.8 12.9 108.5
70/30 – 93.7 106.8 13.1 102.7
50/50 – 91.9 105.2 13.3 101.9
30/70 – 90.8 104.2 13.4 101.8
10/90 – 79.0 99.4 20.4 64.9

5/95 – 72.2 94.2 22.0 59.8

stronger interactions between organoclay and EVOH
with higher content of polar vinyl alcohol repeating
unit. The melting temperature also similarly varies as
the content of organoclay is increased (Table I). That is,
it decreases after the first increase as in the variation of
�Hc. The Gibbs free energy of melting �Gm is given
by

�Gm = �Hm − Tm�Sm (2)

where �Hm, �Sm are enthalpy and entropy changes
accompanied by melting. At the melting temperature,
�Gm = 0 : so

Tm = �Hm

�Sm
(3)

When chain mobility is restricted by organoclay, it
can be anticipated that �Sm will be decreased com-
pared to the pristine polymer. So, a decrease of �Sm

by restricted chain mobility in the presence of organ-
oclay may be suggested as a cause of a Tm increase
when a small amount of organoclay is added. We ob-
served that the crystallite size decreases as the content
of organoclay is increased in polyurethane/organoclay
nanocomposites. Because Tm decreases as the crystal-
lite size is decreased [28], a decrease of Tm at high
content levels of organoclay may be assumed to be due
to the reduced crystallite size of EVOH in the pres-
ence of organoclay. Further experiments, however, will
be necessary to support this assumption. In Table I we
have noted that the glass transition temperature, Tg, of
EVOH18/organoclay nanocomposites increases as the
content of organoclay is increased up to 7%. It decreases
at intermediate composition and increases again at a

TABLE I I Tensile properties of EVOH18/organoclay nano-
composites

Composition by weight Modulus (GPa) Elongation at break (%)

100/0 0.74 317
99/1 0.93 341
97/3 0.98 320
95/5 1.05 217
93/7 1.35 189

Figure 4 Stress-strain curves of EVOH18/organoclay nanocomposites:
(a) 100/0, (b) 97/3, (c) 93/7 by weight.

high content of organoclay. Because Tg can be increased
by the restricted mobility of EVOH18 molecules in the
presence of organoclay [29, 30] and by an increased
crystallinity, these two may be suggested as causes
of Tg increases when a small amount of organoclay
is added. Decreased crystallinity may be suggested as
a cause of Tg decreases at the intermediate content
of organoclay. Previous report on EVOH/organoclay
nanocomposite explained the plasticizing effect of the
low molecular weight organic cations as a cause of
Tg decrease [16]. A second increase of Tg seems to
be due to the predominant effects of the restricted
chain mobility of EVOH18 at a high content of
organoclay.

3.3. Tensile properties
The stress-strain curves of EVOH18/organoclay
nanocomposites are shown in Fig. 4 and the tensile
properties measured are shown in Table II. The tensile
modulus increases about 2-fold of the pristine polymer
when the content of organoclay is increased up to 7%
[6, 11]. However, the elongation at break decreases after
the first increase. This is probably due to the restricted
chain mobility in the presence of organoclay.

4. Conclusion
In the EVOH/organoclay nanocomposites made by a
solution-precipitation method, we observed that:

1. Some of the bilayer structure of alkylammonium
ions in the clay gallery changed to a monolayer struc-
ture.
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2. The crystallization of EVOH was enhanced by
small amounts of organoclay, however, organoclay re-
tarded crystallization when there was too much of it.

3. About a 2-fold modulus increase of EVOH18 was
attained with 7% organoclay.
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