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The Effects of Small Contents of Water on Melt Rheology
for Ethylene-Methacrylic Zinc Ionomers

By Akihiro NISHIOKA,"* Tomonori KODA,*> Ken MIYATA,> Go MURASAWA,* and Kiyohito KOYAMA?

The effects of small contents of absorbed water on coordinated structure and rheological properties for EMAA-Zn ionomers
in terms of dynamic visocoelastic and FT-IR measurement were investigated. To clarify the influence of absorbed water in
ionomers, the moisture contents were measured by Karl Fisher Method. It was clarified that zero shear viscosities of EMAA-
ionomers were reduced by small contents of absorbed water. We considered that the drastic change of coordinated structure
by little amounts of water might induce acid-cation exchange and affect melt rheological properties such as zero shear
viscosities. We consider that absorbed water is one of the key factors to control zero shear viscosity in EMAA-Zn ionomer

melts.
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Tonomers are polymers including a small amount of metal
ionic salt groups. Poly(ethylene-co-methacrylic acid)(EMAA)
neutralized with Zinc metal cations is widely used for industrial
applications such as golf ball, film for food package and so on.
The structure and mechanical properties of ionomers in both
solid and melt states were extensively investigated. Ionic
groups tend to form ionic aggregates in the hydrophobic
polymer matrix.!= Dielectric measuerment, dynamic mechan-
ical relaxation and melt rheological studies show that a
microphase separation of ionic aggregates and the hydrocarbon
matrix takes place depending on the neutralization degree. For
solid state, Hirasawa et al. and Tachino et al. suggest that ionic
aggregates are formed at a degree of neutralization larger than
80% in EMAA-Zn ionomer.%’ For melt state, Nishioka et al.
have already reported rheological investigation showing that
ionic aggregates are formed at neutralization degree of 40%.
Their results show that in case of EMAA-Zn ionomers, zero
shear visicosities tend to increase by formation of ionic
aggregates above neutralization of 40%. In general, especially
for EMAA-Zn ionomers, one of the disadvantage is that melt
viscosity is too high in the range of high neutralization degree.

Some melt rheological studies on EMAA ionomers have
been published to examine the role of ion aggregates at molten
stage.”~!3 There are some factors, which can reduce viscosity of
EMAA-Zn ionomers, such as adding low molecular weight
acid, absorbed water and so on. Several studies have been
carried out about reducing melt viscosity of EMAA ionomers
with keeping the constant neutralization degree by blending
additives. Iwami et al. demonstrated that viscosity of EMAA
ionomers can be reduced by blending static acid.'* Nishioka
et al. reported that, by blending low molecular weight
acid(motanic acid:C;HssCOOH), visocosity of EMAA-Zn
ionomer can be reduced caused by inducing newly coordina-
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tion structure.'® This change in coordination structure induces
“acid-cation exchange mechanism” proposed by Vanhoore and
Register.!> We consider that one of the key factors to reduce
viscosity is controlling coordinate structure of EMAA-Zn
ionomers such as tetra or hexa-coordinate structures.

Many researchers reported that coordinate structure for
EMAA-Zn ionomers were strongly affected by absorbed
water.'20 We consider that controlling rheological properties
such as viscosity for EMAA-Zn ionomers is one of the
important research subject in the field of industry applications.
With this industrial importance, the purpose of this study is
to estimate the effect of absorbed water on melt rheological
properties of EMAA-Zn ionomers in terms of dynamic
viscoelastic and FT-IR measurements.

SAMPLE AND EXPERIMENTAL

Poly-(ethylene-co-methacrylic acid) (EMAA, M,, = 19,200,
M, = 94,500), whose methacrylic acid content was 15.0 wt %
(5.4mol %), was used as the matrix of ionomers. Ionomers
used in this study were EMAA neutralized partially by
Zinc(Zn) ions. These are designated as EMAA-xxZn. Here,
xx means value of neutralization degree of ionomers. All these
neutralized samples and EMAA were kindly provided by
Mitsui-DuPont Polychemicals Co. Ltd, Japan. These EMAA-
Zn ionomers were neutralized by ZnO(Zinc Oxide) blended
with EMAA in melt state. To clarify the influence of absorbed
water in ionomers, before experiments, a great attention was
paid for the moisture content. It sensitively affects melt
rheological properties.

Two kinds of drying conditions were chosen, which were
60°C for 3d and 80°C for 14d, respectively. All pellet
samples were dried in vacuum oven under two different
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Table I. The value of water contents under different drying conditions
Zn59% Zn40% Zn20% E/MAA
Before drying 1510 ppm 1250 ppm 870 ppm 220 ppm
60°C 3d 750 ppm 330 ppm 210ppm 70 ppm
80°C 14d 220 ppm 160 ppm 140 ppm 80 ppm

conditions mentioned above. The water percentages of EMAA,
EMAA-Zn under different dry conditions were measured
by Karl-Fischer method (METTLER KF-Coulometer DL37,
Drying oven DO337) at 180°C for 30 min under nitrogen
(99.999%) flow (200 mL/min), and value of water contents
before and after drying in samples were listed in Table 1.

About 10-pum-thick films for fourier transform infrared
spectroscopic (FT-IR) analysis were prepared by compression
molding at 453 K. IR spectra were measured using a Nicolet
Model Magna-IR Spectrometer 750 at room temperature,
where 32 scans at a resolution of 4cm™! were signal averaged.

Experiments for oscillatory shear were conducted using a
rotational rheometer (Rheometrics model: ARES) under nitro-
gen atmosphere. The geometries of the test fixtures were
parallel disks with a diameter of 25 mm for all samples. The
input strain in oscillatory shear was sufficiently small to
provide reliable linear viscoelastic data. The measurement
temperatures were 140, 160, 180, 200, 220 °C for EMAA and
EMAA-Zn ionomers, where all samples showed the excellent
thermal stability and reproducibility. All disk shaped samples
for measurements were produced by hot press method
(Toyoseiki, Co. Ltd, Model: Mini-Test Press-10) at 130°C
for EMAA and 190°C for EMAA-Zn ionomers.

RESULTS AND DISCUSSION

Oscillatory shear measurements for EMAA and its ionomers
neutralized by Zn metal cations in different dry conditions were
performed. These measurements were carried out at 140°C,
160°C, 180°C, 200°C and 220°C, which are substantially
above their melting temperature. The resulting storage modulus
G’ and loss modulus G” curves were horizontally shifted to the
curve at 140 °C as reference temperature in order to obtain their
master curves. Figure 1 shows the master curves of EMAA-
59Zn under different dry conditions. Time-temperature super
position is applicable for all samples in all measurement
conditions. From these results, zero shear viscosity 7o at 140°C
can be obtained from the value in sufficiently low frequency
region of the master curves.

Figure 2 shows zero shear viscosity no of EMAA-Zn
ionomers as a function of neutralization degree with log-linear
plots for two different dry conditions. For both samples, zero
shear viscosity 7 firstly rises linearly until neutralization
degree reaches to about 40%. Below neutralization degree of
40%, tendencies of 1y were independent on drying conditions.
Above neutralization degree of 40%, tendencies of 1y were
remarkably different between the two dry conditions. In case of
dry condition at 80°C for 14d, n starts to deviating from
linearity at neutralization degree of 40%. On the other hand, ng
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Figure 1. Master curve of G’, G” and n* for EMAA-59Zn (140°C: @, 160°C:
A\, 180°C: [], 200°C: O, 220°C: x). The reference temperature
is 140°C (@).
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Figure 2. Zero shear viscosities 7o as a function of neutralization degree for
EMAA-Zn ionomers.

keeps linearly above 40% for dry condition at 60°C for 3d.
According to these results, it is easy to understand that this
difference of tendency for ny above 40% is come from degree
of water content in EMAA-Zn ionomers.

The reason why the effect of water contents on 1 appeared
for only above 40% shall be discussed. We consider that the
cause of reduction for 7y by degree of water contents in
EMAA-Zn ionomers can be explained by “acid-cation ex-
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change mechanism” proposed by Vanhoorne and Register.'
They studied the effect of the protons of acid groups on the
melt theology of partially neutralized EMAA-Zn ionomer. By
removing the protons by etherification of the acid group, they
have found that the role of the protons in sodium ionomers is
different from that in zinc ionomers.”* In case of sodium
ionomers, a sodium ion is not only paired with a single COO™
but also with two COOH acid groups by coordinate bonds. Due
to this environment, COOH acid groups tend to exist around
sodium ions, and therefore the sodium ion and a proton can be
exchanged between COO-Na and COOH. Whereas, EMAA-Zn
ionomer has tetra-coordinated structure, in which a zinc ion is
coordinated with two COO™ groups due to ionic bonds, and no
COOH group exists around zinc ions. In this situation, a zinc
ion has no possibility to receive the effect of proton from free
carboxylic acid. They concluded that, in zinc ionomers, the
acid-cation exchange does not take place.

We consider that a drastic change of coordinated structure
by little amounts of water also may induce acid-cation
exchange and affect melt rheological properties such as zero
shear viscosities. Our recent data shows that incorporation of
low molecular acid(montanic acid:C,7HssCOOH) decreases
zero shear viscosity of EMAA-Zn ionomers. These results is
explained by coordinate structural change detected by FT-IR!3
and can be related to the local environmental change for the
present case which is derived by the incorporation of small
contents of water. We hence consider coordinated structure
change, in ionic aggregates resulted in a remarkable reduction
of zero shear viscosity.

To clarify the effect of absorbed water on coordinated
structure of EMAA-Zn ionomers, we carried out FT-IR
measurements. Figure 3 shows results of FT-IR under two
different dry conditions. Apparent change took place only in
the range between 1500 and 1650cm™!. EMAA-59Zn under
dry condition at 80°C for 14d (Figure 1(a)) gave a char-
acteristic peak, corresponding to the carboxylate asymme-
tric(v,(COO-)) stretching mode at 1585cm™!, which means
tetracoordinate zinc carboxylate structure. On the other hand,
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Figure 3. Infrared spectra in the range of 1500-1650cm~" for EMAA-59Zn

at room temperature.

unexpected striking changes was observed for dry condition
60°C for 3d. Those are appearance of characteristic band
of 1555 cm™!, and increase of the band of 1620 cm™!. The band
of 1555 cm™! appearing as a weak shoulder can be combination
of two bands of 1536 and 1565cm~' which are assigned
to hexacoordinated zinc carboxylate.'® Reinforced peak of
1620 cm™! corresponds to an acid salt structure.'® These effects
due to small amount of water in feature of FT-IR peaks support
the conclusion that difference in rheology comes from change
in molecular coordination structure.

CONCLUSIONS

In this paper, we focus on how structure change induced by

absorbed water affects the rheological property. The present
study on the effects of small contents of water on melt rheology
for EMAA-Zn ionomers provided the following new findings.
(1) Dynamic shear properties of EMAA-Zn ionomers under
different dry conditions shows that the time-temperature
superposition principle is applicable for all samples from
140°C to 220 °C. The zero shear viscosity 1o can be obtained
from the value in sufficiently low frequency region of master
curve for all samples.
(2) The values of zero shear viscositie 7y are different
depending on dry conditions. This change in 7y comes from
whether the acid cation exchange occurs or not by absorbed
water under different dry conditions. Considering FT-IR results
for EMAA-Zn ionomers, coordinate structure change of
EMAA-Zn was led by absorbed water. This coordinate
structure change induce “acid cation exchange mechanism”
and apparent reduction of 7 in the range of high neutralization
degree (>40%) was observed. We conclude that absorbed
water in EMAA-Zn ionomer is one of novel factors to control
rheological properties.
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