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ABSTRACT: Thermoanalytical (thermogravimetry, differential thermogravimetry, and
differential thermal analysis) and structural (IR spectroscopy, light microscopy, etc.)
methods were employed to estimate the thermal behavior of binary blends of poly(eth-
ylene oxide) (PEO) with copper(II) bromide (CuBr2) of various concentrations under the
conditions of a broad temperature interval. Solid residues obtained after heating the
blends at different characteristic stages of the thermal destruction were also studied.
CuBr2 introduced in concentrations of 5–10% exhibited a significant thermostabilizing
effect on PEO in an air medium, regardless of the mode of the blend preparation. No
data about the formation of crystallizing complexes or new compounds prepared from
the starting materials on heating the blends were obtained within the concentration
range studied (0.1–40% CuBr2). An assumption for the formation of associations
between the oxygen atoms of PEO and the metal ion, which obstruct the thermal
oxidation processes to a certain degree, were made in order to explain the antioxidative
mechanism of action of the inorganic salt. © 1999 John Wiley & Sons, Inc. J Appl Polym Sci
74: 3324–3330, 1999
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INTRODUCTION

Poly(ethylene oxide) (PEO) is known to form ionic
complexes (ICs) with some salts of alkaline, al-
kali-earth, and transition metals that are ion-
conducting systems and can be used as solid elec-
trolytes. Consequently, research interests have
primarily been associated with the study of both
the composition and structure of these systems
and their influence on ionic conductivity.1,2 Such
binary systems also possess other valuable prop-
erties that have not been completely studied so
far. Our studies are currently concerned with the
effect of different inorganic metal salts and their

concentration on the thermal properties of PEO,
as well as some kinetics phenomena and the over-
all mechanism of the action of salts.3,4 Our previ-
ous studies and other investigations5,6 have
shown that ICs of these salts at 30–40% content,
as well as at very small concentrations, signifi-
cantly improve the thermooxidative stability of
PEO. A number of problems concerning the effect
of the ions of metal salts on the thermooxidative
PEO destruction, particularly at higher tempera-
tures,7,8 have to be clarified. More data on the
behavior of blends of PEO with various metal
salts at different stages of their thermal destruc-
tion are necessary from both the theoretical point
of view and their further practical applications.

According to previous studies,9 copper(II) bro-
mide (CuBr2) forms ICs with PEO that, in turn,
suggests its possible influence on both the mass
and heat transfer during the process of thermal
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oxidation. Therefore, the purpose of this work was
to study the influence of different CuBr2 concen-
trations on the thermal stability of PEO within a
wide temperature range.

EXPERIMENTAL

Materials and Sample Preparation

Binary systems of PEO with a mean viscosity
molar mass of 3.2 3 106 g mol21 and CuBr2
(ch.p.a.) were analyzed. The concentrations of in-
organic salt in the mixtures varied from 0.1 to 40
mass %. The samples were prepared in two ways:
by mixing the components in the solid state and
homogenizing the mixture by grinding at room
temperature for 1 h, and by mixing a 1% solution
of PEO in methanol with a saturated solution of
CuBr2 in methanol at room temperature and then
evaporating the solvent at 50°C under a vacuum.

Measurements

Thermal Analysis

For obtaining thermogravimetry (TG), differen-
tial TG (DTG) and differential thermal analysis
(DTA) curves a combined dynamic thermal anal-
ysis apparatus (OD-102 derivatograph, MOM,
Budapest) was used under the following condi-
tions: a heating rate of 6 K min21; a sample initial
mass in all experiments of 0.1 6 5 3 1025 g in the
form of powder or foil kept in the presence of a
drier; a Pt crucible (f 9.5 mm) holder; Pt/PtRh
thermocouples; no standard substance; medium,
air (static) and nitrogen flowing over the sample
at a rate of 17 L/h. By using the TG and DTG
curves the effective activation energy of the ther-
mal decomposition (Ea) of the samples under
study was determined.10,11 Through graphical in-
tegration by the weight method, the areas of the
total exothermal peaks of the oxidative decompo-
sition were measured and calculated for a 100%
thermoactive component (DQ, %).

The maximum amplitude ( Amax) of the DTG
curve expressed in millimeters was evaluated as a
relative measure of the rate of mass loss. The
amount of solid residue after heating the sample
at a temperature corresponding to the end point
of the main destruction step on the TG scans
(DRst) and at 500°C (DR500) were also deter-
mined. These parameters were represented as the
percent increase of the residue obtained experi-
mentally, which was related to the theoretically

calculated one on the basis of an assumed addi-
tive liberation of volatile matter from the two
components of the blend.

X-Ray Analysis

The X-ray analyses and investigations were car-
ried out on a wide-angle X-ray diffractometer
with a goniometer (URD-6, Germany) with a cop-
per anode and Ka emission and an Ni filter in an
angle interval from 3 to 60 (2u). The initial com-
ponents (PEO and CuBr2) and their binary mix-
tures with a CuBr2 content of 9.4 and 15 mass %
unheated and heated at temperatures of 200, 300,
400, and 450°C in air and an inert atmosphere
were investigated.

IR Spectroscopy

IR spectra were registered on a Specord 75 IR
instrument (Germany) in a film placed between
KBr windows and obtained after the evaporation
of methanol or chloroform solvent. The spectra of
selected samples were studied prior to and after
heating to 200 and 300°C.

Light Microscopy

The samples were studied before and after heat-
ing to different temperatures by using a Docuval
transmission light microscope (Germany) under
the conditions of a bright field and polarized light.

RESULTS AND DISCUSSION

Thermoanalytical Studies

Thermal Behavior of Starting Materials

TG, DTG, and DTA scans of PEO obtained exper-
imentally showed that, with the exception of the
endothermic effect of melting the crystalline
phase at 75°C, some strong exothermic processes
taking place within the whole temperature range
of decomposition (180–405°C) in air were pre-
dominant (DTA scan, Fig. 1, curve 1). The onset of
the first exothermic effect was observed at 150°C
with a maximum at 170°C and no visible mass
loss under these conditions. The DTG scan
showed a two-stage decomposition within the
180–320 and 320–420°C temperature ranges.
The initial sample burned out almost completely
at 500°C and about 2% solid residue was finally
detected.
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The exothermic oxidation processes were com-
pletely counterpoised in the inert medium and the
resulting endothermic effect occurred at the stage
of the maximum mass loss (Fig. 2, curve 1). The
onset of the thermal destruction was shifted by
about 130°C toward higher temperatures as com-
pared to the process in air. At the same time the
Tst and DRst remained almost unchanged. There-
fore, the same amount of sample underwent one-
stage decomposition within a narrow tempera-
ture range and the rate of mass loss expressed by
the amplitude in the DTG scan Amax increased
significantly. The increase of the thermal stability
in the inert medium medium was also associated
with the corresponding increase in the effective

Ea of the total set of decomposition reactions from
50.5 kJ/mol in air to 168 kJ/mol in nitrogen.

The experimental thermal curves of CuBr2 did
not depend on the kind of medium in which the
heating took place. Decomposition of CuBr2 to
CuBr was observed at the temperature range of
180–280°C. The 36% mass loss found experimen-
tally corresponded exactly to the amount of Br2
released stoichiometrically as a result of the ther-
mal treatment. Two endothermic effects were ob-
served at 385 and 465°C that were associated
with phase transitions. Melting of the salt was
recorded at 490°C, which was followed by decom-
position.

Thermal Behavior of Binary Blends of PEO and
CuBr2

The mode of the concentration dependencies (Fig.
3) showed that the thermal stability of blends

Figure 2 Measured curves in nitrogen of PEO
(curves 1) and its blend with 9.4 mass % CuBr2 (curves
2).

Figure 1 Measured curves in air of PEO (curves 1),
its blend with 9.4 mass % CuBr2 (curves 2), and CuBr2

(curves 3).
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containing from 0.5 to 2 mass % CuBr2 increased
at the highest rate. The temperature values dis-
cussed above remained almost unchanged as the
salt content increased from 2 to about 10%. The
thermal stability deteriorated gradually in the
presence of 10–20% CuBr2, which was followed by
a sharp decrease as the salt content exceeded
20%.

The percent change of the solid residues DRst
and DR500 with the blends of salt content up to
12% was found to be positive (Fig. 4). However,

the presence of CuBr2 of content above 15% re-
sulted in the reverse process of formation of un-
stable matter.

The increase of the initial temperature of de-
composition and the amount of solid residue led to
the corresponding increase of the effective Ea for
the basic destruction of blends from 50.5 kJ/mol
for pure PEO to 148.5 kJ/mol for the PEO/CuBr2
blend containing 9.4% CuBr2 (Fig. 5, curve 1).

The discussion conducted so far is supported by
the data obtained from the TG curves that
showed considerable stabilization of PEO in the
air medium in the presence of a certain amount of
CuBr2. The most pronounced stabilizing effect
was observed at the stage of the primary oxida-
tion of the polymer at temperatures reaching the
temperature of half-decomposition. The latter, in
turn, was found to be almost the same as Tmax.
The thermal destruction of the blends containing
salt content above 2% occurred in one stage and
the values of Amax increased continuously until
the CuBr2 content reached almost 7% (Fig. 5,
curve 2). Therefore, the pattern of changes in both
the kinetics and mechanism of the thermal stabi-
lization of PEO in the presence of CuBr2 was
similar to those taking place in an inert medium
(Fig. 2, curves 1 and 2). Consequently, a certain
antioxidative effect of the salt on the PEO de-
struction in the air medium was observed.

The antioxidative pattern of the thermal stabi-
lization was confirmed as the temperatures of the
initial oxidation (Tox) and the first exothermic
effect (TI exo) determined on the DTA curves were
compared (Fig. 6, curves 2 and 3). Beside the fast
shift of these temperatures toward higher values,
some decrease and, finally, disappearance of the

Figure 3 Thermal characteristics of the binary mix-
tures of PEO and CuBr2 from TG curves: T0, initial
destruction (curve 1); T10%, 10% destruction (curve 2);
T50%, 50% destruction (curve 3); Tmax, maximum rate
of destruction (curve 4); Tst, end of first step of destruc-
tion (curve 5).

Figure 4 Dependence of the residual mass in some
characteristics points of TG curves for mixtures of PEO
and CuBr2: DRst (curve 1); DR500 (curve 2).

Figure 5 Dependence of the Ea of the thermal decom-
position (curve 1) and the Amax (curve 2) of the mix-
tures on the CuBr2 content.
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primary oxidative reactions expressed by the ac-
companying exothermic effects occurred as the
CuBr2 concentration increased to certain values.
The rest of the exothermic effects associated with
the decomposition of blends also exhibited
changes. The total heat release (DQexo) expressed
as the reduced area of the exothermic effects de-
creased almost by half with respect to the initial
PEO as the CuBr2 content exceeded 1% (Fig. 6,
curve 3). The corresponding values remained al-
most unchanged as the CuBr2 content changed
from 2 to 12%; however, the further increase to
25% resulted in a fast decrease of DQexo. This was
due to the diminished relative content of the ther-
moreactive component (PEO) in the blends. De-
spite this fact, the temperature corresponding
to the beginning of oxidation decreased signifi-
cantly: in such cases the additive (CuBr2) pro-
moted the destruction.

The concentration dependencies of the thermal
characteristics on CuBr2 content showed that,
similar to the alkali metals, a thermostabilizing
effect on PEO took place and the corresponding
function had a maximum. However, no thermo-
stabilizing effect of CuBr2 was observed at its
higher concentrations (30–40%), which was dif-
ferent from the behavior of the alkali metal salts
under the same conditions. This difference is be-
lieved to be associated with both the composition
and stability of the corresponding IC.3 No melting
of another crystalline phase was recorded on the
thermoanalytical curves of the compositions stud-
ied with the exception of the melting peak of PEO
itself at about 75°C for both the powdery and film
samples.

The comparison of the results obtained on
heating the powders and films led to the observa-
tion that films with a salt content up to 10% had
visibly higher thermal stability than the corre-
sponding powdery samples. A better homogeneity
of films, as well as a decreased contact surface
with the oxidation medium, are believed to be the
possible explanation of this phenomenon. Gener-
ally, however, the extent of the thermostabilizing
effect of CuBr2 on PEO in air was almost entirely
determined by the salt concentration in the
blends with no practical significance of the mode
of the blend preparation.

Spectroscopic, X-Ray, and Microscopic Studies

The course of the thermal curves do not unambig-
uously provide information concerning the mech-
anism of the thermostabilizing effect of CuBr2 on
the polymer, neither does it throw light on the
exact mode of formation and mutual influence of
the high-temperature solid residues obtained af-
ter heating. No possible associations between
PEO and the salt could be proved at the stage of
blend preparation or during the heating. There-
fore, further studies were deemed necessary to
explain the results obtained.

The IR spectra of the pure PEO treated ther-
mally at 300°C showed additional absorption
bands n(CAO) at 1720 cm21 and a broad band at
about 1600 cm21 resulting from the formation of
various oxidation products. CuBr2 as an inorganic
compound of symmetrical structure does not ex-
hibit any absorption in the IR region. The absorp-
tion band at 1462 cm21 {d(CH2)} was selected as
an internal standard and, accordingly, the corre-
sponding absorbtion ratios A1720/A1462 and
A1600/A1462 of PEO and its blend containing 9.4%
CuBr2 were compared after heating the samples
to 300°C (Fig. 7, curves 1, 2). Under these condi-
tions a significant reduction, especially of the
A1720/A1462 absorption ratio, was observed. The
band at 1600 cm21 was also observed with non-
heated PEO and its blends prepared by 1-h vig-
orous grinding but was not detected with the non-
ground PEO. In this case the band at 1600 cm21

is believed to result from a low-temperature me-
chanically initiated oxidative destruction.

The residues obtained after heating at 400–
450°C were nontransparent for the IR beam be-
cause of the high carbon content. The X-ray dif-
fraction pattern of these residues showed a de-
crease in the intensity of corresponding
maximums, which is typical for PEO, with the

Figure 6 Dependence of the total heat release by
thermooxidative decomposition, DQ (%, curve 1), of the
temperature of initial oxidation Tox (curve 2) and the
temperature of the first exothermal peak TI exo (curve
3) of the mixtures on the CuBr2 content.
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exception of the maximum at 2u 5 23.3°. The
latter was significantly preserved under these
conditions (Fig. 8, curves 4 and 5). Some maxi-
mums typical for the starting CuBr2 (14.8, 28.9,
and 46.1° 2u) were also preserved and new max-
imums (27.1 and 44.9° 2u), which are character-
istic for the crystalline phase of CuBr2, appeared.
The X-ray patterns of the residues obtained from
the starting components and preheated sepa-
rately to the temperatures mentioned above
showed an almost complete disappearance of the
diffraction maximums. This confirmed the as-
sumption for a mutual stabilization of the compo-
nents in the blends without any chemical inter-
action.

The blends with the highest thermal stability
contained 5–10% salt and exhibited a signifi-
cantly higher relative intensity of the diffraction
maximums preserved in the solid residues from
the starting compounds. Besides, the X-ray pat-
terns of the solid residues from the blends with
these concentrations did not depend on whether

the heating occurred in air or nitrogen. Thus, once
again the antioxidative mode of the stabilizing
effect of CuBr2 was confirmed.

The observation of nonheated blends by using
the light microscopy method showed the forma-
tion of aggregations between the two components
with an improved contact after PEO melting.
These aggregations were partially preserved up
to temperatures of about 400°C but underwent
destruction at 450°C, which was confirmed by the
data from the TG scans. Good homogenization
and mutual penetration of the components are
believed to render the appropriate conditions for
the formation of associations at the molecular
level. These associations are likely to be formed
on the basis of “blockage” of the partial negative
charge at the oxygen atom of PEO by the metal
from CuBr2, thus leading to the mutual stabiliza-
tion of the components observed experimentally.
The latter is believed to retard the primary oxi-
dation processes associated with heating the sys-
tem and catalysis of the chain reactions of decom-
position at the higher temperatures.

The analyses of the solid residues obtained at
different stages of heating also showed that no
chemical interactions between the starting mate-
rials occurred. The assumption for the formation
of crystallizing or amorphous ICs with blends of
about 9.4% CuBr2 content was not confirmed.

Figure 8 Wide-angle X-ray diffractograms: starting
PEO (curve 1); starting CuBr2 (curve 2); CuBr2 heated
at 450°C (curve 3); mechanical mixture (9.4 mass %
CuBr2) heated at 450°C (curve 4); foil (9.4 mass %
CuBr2) heated at 450°C (curve 5); mech mixture (9.4
mass % CuBr2) heated at 200°C (curve 6).

Figure 7 IR spectra of PEO, heated at 300°C (curve
1) and a mechanical blend of PEO and 9.4 mass %
CuBr2 heated at 300°C (curve 2).
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CONCLUSIONS

1. By means of both the thermoanalytical and
structural methods employed, copper(II)
bromide was found to exhibit a significant
thermostabilizing effect on PEO in an air
medium when introduced in optimum con-
centrations of 5–10%. This effect did not
have a considerable dependence on the
mode of introduction of the inorganic salt
into the polymer.

2. The thermostabilizing effect of the salt is
believed to have an antioxidative pattern
as a result of the formation of associations
between the oxygen atoms within the poly-
mer chains and the metal ion that, in turn,
isolates the oxygen from the oxidation me-
dium.

3. No data on the formation of any crystalliz-
ing ionic complexes between the compo-
nents in the blends were obtained within
the whole concentration range (0.1–40%
CuBr2) studied. The assumption for the
formation of an amorphous complex of a
composition corresponding to the ratio of
PEO/CuBr2 of 90.6 : 9.4 was not confirmed.

4. According to the experimental data ob-
tained, no chemical reactions that could

result in the formation of new compounds
on heating the blends took place.
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