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Abstract

The relationship between copolymer composition and transition temperatures was studied by means
of differential scanning calorimetric analysis and dynamic mechanical spectroscopy. Six samples of
ethylene vinyl acetate (EVA) copolymers containing from 5 to 40 mass per cent of vinyl acetate
(VA) were studied. The differential scanning calorimetric analysis revealed that each EVA copoly-
mer displays two endothermic peaks (7, and 7, ,) in the melting zone. Dynamic mechanical spec-
troscopy was used to determine the primary relaxation temperature (7y) for EVA copolymers This
latter characteristic is relatively insensitive to the level of vinyl acetate contained in the copolymer

and is influenced by the pulsation frequency w, also named the angular frequency.

Keywords: dynamic mechanical spectroscopy, EVA copolymers, primary relaxation temperatures

Introduction

The properties and applications of ethylene vinyl acetate (EVA) copolymers are in-
fluenced by their composition. The rubber-like behaviour is emphasized when the
level of vinyl acetate (VA) is high. The reactivity ratios of ethylene and VA are both
close to one, and thus the copolymers obtained are theoretically statistically random
copolymers and their composition is identical to the monomer feed composition
[1, 2]. The aim of this work was to investigate the influence of the composition of the
EVA copolymers on the melting point and glass transition temperatures, 7, and 7.

Experimental

EVA copolymers with six different percentage compositions were studied: 5, 9, 14,
18, 28 and 40% VA. Differential scanning calorimetric (DSC) analysis was per-
formed in order to determine 7, and 7, using a Setaram 141 DSC at a heating rate of
10°C min ™' from —110 to 140°C in a nitrogen atmosphere. Each sample was melted
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and cooled at a cooling rate of 10 min ™' before the experimental determination of 7,
and T, in order to avoid any difference in the thermal history. It was difficult to ob-
tain 7, by DSC analysis. The primary relaxation temperature 7, was measured by use
of a Rheometrics Dynamic Analyzer RDA 700. This latter characteristic is in the
same temperature range as 7, o

The experiments were performed in nitrogen atmosphere from —140°Cto 7, ata
heating rate of 5°X min"' for each copolymer at different pulsation frequencies (1, 10,
50, 100 and 500 s ') in order to establish whether the angular frequency influences the
value of 7. T, was determined via the maximum in the loss factor tand. Samples of
EVA copolymers subjected to dynamic mechanical spectroscopy were prepared by
compression molding at 7, +10°C, and had a rectangular shape (Iength 45 mm, width
10 mm, thickness 2 mm). The temperature was chosen to be low in order to avoid the
evolution of acetic acid from the copolymers [3-5].

Results and discussion

Melting point

EVA copolymers are theoretically random copolymers, and thus their 7 should be single
and usually fall between those of the corresponding homopolymers [6] (meltmg point for
low-density polyethylene: 110-120°C; softening temperature for poly(vinyl acetate):
35-50°C). In our case, Fig. 1 shows that samples of EVA present two peaks: a large (7}, )
and a secondary, small peak (7', ) The presence of these two peaks may indicate that
EVA copolymers are slightly sequenced Table 1 gives the values of 7. and 7, .7, cor-

m,

responds to the softening temperature of poly(vinyl acetate). The DSC traces in F1g 1
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Fig. 1 DSC curves for EVA copolymers (EVAS, EVA9, EVA14, EVA18, EVA28,
EVA40%)
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suggest that the forms and the areas of the different peaks are functions of the level of
VA: increase of the VA content decrease 7, and 7,, .

Glass transition and primary relaxation temperatures

As for T, T, should have a value between those of the corresponding homopolymers
[7] (=110°C for low-density polyethylene; 28-31°C for poly(vinyl acetate). The DSC
curves in Fig. 1 shows that for EVA containing a high level of VA (40 or 28%), T,
seems to be near —25°C.

Table 1 Melting points for EVA copolymers

Reference T:nz/ °C T, °C
EVA5% 104.5 50
EVA9% 97 52.7
EVA14% 90 49
EVA18% 86.5 49
EVA28% 73.5 45.5
EVA40% 55.5 384

Table 2 Temperature at the maximum of the loss factor tand for EVA copolymers

wiad s Temperature/°C
EVA5% EVA9% EVA14%  EVAI8% EVA28%  EVA40%
1 -24.9 =25 —24.8 =25 -24.9 -25.24
10 -24.1 -23.9 24 24 -24.1 24
50 -22.9 -23.1 -22.9 -23 -23.1 -22.9
100 21 -20.9 -21.1 21 -20.9 -20.9
500 -18.7 —-18.5 -18.6 -18.5 -18.5 -18.6

However, for other EVA copolymers it was impossible to obtain 7, by DSC analy-
sis, either because of a small change in heat capacity or because the crystalline phase due
to the polyethylene contained in the copolymers might hide this phenomenon. Thus, 7,
was determined on a Rheometrics Dynamic Analyzer in nitrogen atmosphere. Loss fac-
tors at different pulsation frequencies (1, 10, 50, 100 and 500 rad s™') were obtained for
each EVA copolymer. The maximum of the peak in each the tand curves increased with
the angular frequency and had a value varying between —25 and —18.5°C (Table 2). As
can be seen in Fig. 2 (example of EVA 18%), T, is pulsation frequency-dependent and
shifts to higher temperatures as the measurement angular frequency is increased. In addi-
tion, the width of the peak increases with the pulsation frequency.

To compare results on different EVA copolymers, therefore, the loss factor was
plotted for only one angular frequency, at 1 rad s™'. Figure 3 suggests that 7, is insen-
sitive to the composition of EVA copolymers and has a nearly constant value of
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—25°C at 1 rad s'. In contrast, the composition of the EVA copolymer influences the
form and area of the peak of tand. Above a VA content of 14%, the loss factor pres-
ents an additional peak near 45°C, which can be attributed to the high level of poly-
ethylene in these EVA copolymers. This fact confirms the remark made in connec-
tion with the study of T, i.e. EVA copolymers are slightly sequenced.
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Fig. 2 Loss factors for EVA18% (1, 10, 50, 100, 500 rad s™")
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Fig. 3 Loss factors for EVA copolymers at 1 rad s (EVAS, EVA9, EVA14, EVAI1S,
EVA28, EVA40%)
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In low-density polyethylene (LDPE), there are three transition regions [8, 9].
The intensity of the first relaxation (at low temperatures) increases with a reduction
of crystallinity. Thus, this relaxation is associated with the amorphous material and
has been tentatively assigned to a glass transition, near —110°C [8, 9]. The second
transition is associated with relaxations at the branch-points because this transition
disappears in the case of high-density polyethylene, with a value near —8°C [8, 9].
The intensity of the third relaxation decreases as the level of crystallinity is reduced,
implying that it is associated with motion within the crystalline regions; the maxi-
mum of this third relaxation is near 45°C [8, 9]. The form of the evolution of tand for
LDPE is very similar to those for EVA 5% and EVA 9%, and particularly the maxi-
mum of the second relaxation for LDPE is at the same temperature as that of the addi-
tional peak for EVA copolymers containing 14% of EVA.

Conclusions

Transition temperatures were determined by DSC analysis and by dynamic mechani-
cal spectroscopy in order to investigate the influence of the VA content in the EVA
copolymers on these characteristics. Two endothermic peaks were obtained in the
melting zone for each EVA. The measured 7, was insensitive to the level of VA con-
tent, but it was influenced by the pulsation frequency. In addition, at a VA content
above 14%, the loss factor presents a secondary peak near 45°C. This latter fact and
the presence of two endothermic peaks in the melting zone suggest that these EVA
copolymers are not random copolymers, but slightly sequenced copolymers.
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