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Influence of the electric field on the 
microscopic structure of P E O / P M M A  blends 

T. STERZYNSKI* ,  J. GARBARCZYK 
Technical University of Poznat~, Lab. for Polymers, PL 60-965 Poznat~, Poland 

Binary blends of semicrystalline poly(ethylene oxide) (PEO) with amorphous 
poly(methylmethacrylate) (PMMA) were investigated during isothermal crystallization 
(without and with application of electric field) with respect to the segregation behaviour of 
the spherulitical structure. Microscopic investigations of the blends crystallized without electric 
field, confirmed earlier results that below 50 wt% PMMA the amorphous domains are 
distributed in the crystalline phase. The electrocrystallization of the blends in the presence of a 
strong electric field caused an important increase in nucleating density and formed PEO 
spherulites with near circular shape, as explained using the bursting theory of Garton and 
Krasucki. 

1.  I n t r o d u c t i o n  
New properties of materials may be achieved by mix- 
ing two or more semicrystalline as well as amorphous 
polymers. The mixture of polymers may change the 
macromolecular structure. In the case of semicrys- 
talline polymers, qualitative and quantitative changes 
in the spherulitic structure may occur. Many invest- 
igations exploring this phenomenon have been re- 
ported. Martuscelli et al. [1] studied the polymer 
blend consisting of semicrystalline poly(ethylene ox- 
ide) (PEO) and amorphous poly(methylmethacrylate) 
(PMMA). They analysed the morphology of thin films 
obtained by solution casting by crystallization of the 
PEO in an amorphous PMMA matrix and deter- 
mined the increase of the nucleation density as a 
function of the increasing PMMA content. In blends 
containing less than 50 wt % PMMA, they found that 
amorphous domains were distributed between crystal- 
line ones, and therefore are not observable by polar- 
ized light microscopy [1, 2]. 

It is well known that besides the effects of mixing, 
the modification of the polymer structure may be 
caused by physical agents such as electric field, radi- 
ation or pressure fields. Bagirov et al. [3] studied the 
influence of electric charges in air on the crystallinity 
of polymer dielectrics and found that the degree of 
crystallinity of certain polymers depends on the 
amount of electric charge. 

In our earlier work on the influence of an electric 
field on the crystalline structure of low-density 
poly(ethylene) (PELD) it was shown that the electric 
field caused changes in the dimensions of the ele- 
mentary cell as well as in the orientation of macromo- 
lecular chains [4]. 

The effect of the electric field on the morphology of 

crystalline PEO and amorphous polystyrene (PS) 
blends was investigated by Moriya et al. [5] among 
others. They observed that the spherical domains of 
PEO in the polystyrene matrix under the electric field 
break into smaller spheroids and are oriented towards 
the direction of the field. 

Undesirable changes in the properties may be 
caused as a result of applying an electric field. Ex- 
tended exposure may be used as an ageing agent. This 
may be especially important in such electronic or 
electromechanical applications where, for example, 
high-voltage electric lines or/and insulating materials 
are persistently exposed to the influence of a strong 
electric field. The resultant changes in mechanical and 
physical properties could be caused not only by nat- 
ural thermo-oxidation but also by the electric field. 

In the present work we studied the morphology of 
PEO-PMMA blends and the influence of electric field 
on the morphology of the PEO-PMMA blends, parti- 
cularly on the distribution of the PEO spherulites 
during the electrocrystallization in the amorphous 
PMMA matrix. 

2. Experimental procedure 
2.1. Material 
The poly(ethylene oxide) was PEO 35000 (Hoechst) 
and the poly(methylmethacrylate) was PMMA 8A 
(Rohm). The homopolymers, as well as binary blends, 
were dissolved in trichloromethane (CHCI3) in the 
volumetric proportion of 1 part polymer to 7 parts 
solvent. After mixing for 5 h, the solutions were paned 
on microscopic slides and dried in air for about 24 h. 
To ensure the complete removal of the solvent, the 
samples were kept in a vacuum for 22 h at 333 K. 
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Final cooling was also done in a vacuum. The re- 
sultant samples were in the form of thin plates with a 
thickness about 10 pm. 

Binary blends containing the following weight 
percentages of PMMA in PEO were prepared: 10%, 
30%, 50%, 90%. 

2.3. Structure investigations 
The investigations to determine the structure were 
done using a Leitz microscope with a polarization unit 
and a camera attached to the occular. The results were 
compared with samples which were crystallized with- 
out the application of the electric field. 

2.2. Electropolarization 
The PEO-PMMA blends were put in a device as 
shown in Fig. 1. To exclude the thermo-oxidation of 
molten polymer blends, the cell, laden with samples 
was evacuated to 10 -7 torr, (1 torr = 133.322Pa) 
filled with nitrogen and similarly evacuated. The elec- 
tric field was applied after the melting temperature 
(343 K) was reached and continued until cooling to 
the ambient temperature. Fast cooling of the 
PEO PMMA blends was done using liquid nitrogen 
flowing through the cooling channels of the device. 

The application of the electric field and the control 
of the temperature as functions of time are presented 
in Fig. 2. 
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Figure I The electropolarization apparatus: 1 electrode with oven; 
2, sample; 3, upper electrode; 4, electrode handle; 5, heater; 6, high 
current supply; 7, handle and isolation; 8, glass cover; 9, base plate. 

3. Results and discussion 
3.1. The morphology of P E O - P M M A  

blends as-cast wi th different amounts of 
P M M A  

Poly(ethylene oxide) [-6, 7] crystallizes from a solution 
in the form of spherulites which are characterized by a 
Maltese cross structure. For cast films of PEO, crys- 
tallized from CHC13 solution, spherulites with a clear 
nucleation centre and a clear direction of growth were 
observed (Fig. 3). The borders between the spherulites 
are straight lines. This indicated an athermal type of 
growth, which was also observed by Martuscelli et al. 

[-1]. There are two explanations of the phenomenon of 
straight-line borders. 

1. The nucleation of all of the spherulites may take 
place simultaneously, e.g. at the same time after 
forming a film from solution. 

2, The growth rate of the lamellae forming the 
spherulites is constant and equal for all directions of 
growth. 
It was not possible to distinguish between either phe- 
nomenon for the film studied in this report. During 
experiments, necessary conditions were ensured to 
achieve crystallization with a regular distribution of 
PEO in solvent and a constant temperature during 
crystallization. 

The mixture of PEO and PMMA consisted of 
crystalline and amorphous domains of PEO as well as 
amorphous domains of PMMA. The influence of 
amorphous domains of PMMA on the crystalline 
structure of PEO is shown in Figs 4-6. For a low 
amount of PMMA (Fig. 4) mixed with PEO, no 
amorphous domains between, or in, the spherulites 
were observed. However, for PEO/PMMA blends of 
50/50 small black amorphous domains were situated 
between the spherulites (Fig. 5). 

These observations were in very good agreement 
with data reported by Martuscelli et al. [1]. In Fig. 6, 
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Figure 2 The run of the temperature, 7", and the electric field, E, 
during the electropolarization as a function of time. 
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Figure 3 The spherulites of pure PEO cast from solution; the 
diagonal of the picture is 0.550 ram. 



Figure 4 The PEO/PMMA blend cast from solution; the diagonal of the picture is 0.550 mm: (a) 10 wt % PMMA; (b) 30 wt % PMMA. 

Figure 5 The PEO/PMMA blend cast from solution; the diagonal 
of the picture is 0.550 mm; 50 wt % PMMA. 

Figure 6 The PEO/PMMA blend cast from solution; the diagonal 
of the picture is 0.550 mm; 90 wt % PMMA. 

blends consisting of 9 0 w t %  PMMA had large 
amorphous areas with small spherulites. These spher- 
ulites are nucleated on the borders of the amorphous 
domains. This indicated significant demixing of the 
mixture. 

This phenomenon may be explained in the follow- 
ing manner. The presence of PMMA, even in small 
quantities, in the PEO solution causes irregularity in 
the boundaries between spherulites and an irregular 
growth of lamellae. As a consequence, non-simul- 
taneous nucleation takes place as well as an uneven 

growth rate of the lamellae in different directions from 
the centre of the spherulites. However, the following 
alternative mechanisms were also possible. 

(a) simultaneous nucleation of spherulites with an 
unequal growth rate for different spherulites; 

(b) non-simultaneous nucleation with an unequal 
growth rate for all domains; 

(c) nucleation taking place at different times with 
growth rate of the lamellae varying from one crystal 
domain to the other as well as in several spherulites. 
On the basis of the literature data the most likely 
mechanism was (c). 

3.2. The influence of the strong constant 
electric field on the spherulitical structure 
of PEO/PMMA blends 

The electric field was applied to the cast films of PEO 
and P E O / P M M A  blends at the conditions described 
above. The temperature of 343 K was higher than the 
melting temperature of the PEO crystals. Therefore, 
only amorphous domains existed at the start of the 
experiments and during cooling the crystallization of 
PEO from the melt in the electric field took place. 

For comparison', crystallization of films of pure 
PEO was carried out (Fig. 7). A significant change in 
the shape and dimensions of the PEO spherulites 
resulted. The diameter of the spherulites was smaller 
by several factors and the borders were almost per- 
fectly circular spherulites, as opposed to the straight 
ones noted before. In Fig. 8 the significant border-line 
between PEO spherulites crystallized in the same 
time-temperature conditions, but without and with 
electric field, is presented. For  the spherulites grown 
without the electric field no important changes rela- 
tive to the spherulites of Fig. 3 were noted. 

For  the mixtures of PEO and PMMA, the same 
influence of electric field on the kinetics of nucleation 
and of the growth of PEO spherulites was observed. A 
strong electric field (with an energy between 12 and 
18kVmm - l )  caused an increase in the nucleating 
density of PEO and limited the growth of the spherul- 
ites. This limitation applied not only to the dimen- 
sions, but also the shape; similar to the PEO films, 
spherulites with nearly exact circular shape were ob- 
served (Figs 9 and 10). 
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Figure 7 The spherulites of pure PEO cast from solution exposed to an electric field of E = 12 kV mm- 1. (a) The diagonal of the picture 
2.20 ram, (b) the diagonal of the picture 0.880 ram. 

Figure 8 Border-line between spherulites of pure PEO crystallized 
under the same thermal conditions, but with electric field, E, and 
without an electric field; the diagonal of the picture 2.20 ram. 

Figure 10 PEO/PMMA blend with 50 wt % PMMA exposed to an 
electric field E=18kVmm-1; the diagonal of the picture 
0.690 ram. 

Figure 9 PEO/PMMA blend with 30 wt % PMMA exposed to an 
electric field E=18kVmm 1; the diagonal of the picture 
0.690 mm. 

It is well known that mechanical and optical prop- 
erties of polymers depend on the size and shape of the 
spherulites. Therefore, by varying the strength of the 
electric field as well as the interaction of both domains 
(amorphous and crystalline), materials may be ob- 
tained with different spherulitic structures and there- 
fore with enhanced mechanical and optical properties. 

The above observations were in good agreement 
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with those obtained by Moriya et al. [5] for PEO/PS 
blends. Gar ton and Krasucki [8] showed that spher- 
iodal oil droplets in a low molecular liquid medium 
become unstable when an electric field is applied. The 
similarity between our results and those in 1-5] allowed 
us to apply the Gar ton and Krasucki 's theory, on the 
basis of which (the bursting effect) the following effects 
may be explained. (1) The dissipation of bigger drop- 
lets into smaller ones, and (2) the extension of these 
droplets into long and thin fibres whose main axes are 
oriented in the direction parallel to the direction of the 
electric field. 

Because, in our case, the electric field caused the 
occurrence of a great number of small spherulites 
(Fig. 7-10), it allowed us to assume that the molten 
crystal domains of PEO could be treated as droplets 
distributed in amorphous domains of PMMA. On the 
basis of the bursting theory and the investigation of 
Gar ton  and Krasucki [8], the melted PEO-crystal  
domains, which have a lower viscosity than the vis- 
cosity of the amorphous matrix (PEO and PMMA), 
form spherical droplets, which are dissipated and 
elongated under the influence of an electric field. 

A better knowledge of the physical changes of the 
spherulitic structure of amorphous/crystalline poly- 
mer blends may be practically applied to obtain ma- 
terials with defined mechanical and optical properties, 



and to prevent possible undesirable changes in struc- 
ture and properties of the polymer blends, which are 
exposed for a long time to a strong electric field. 
Although the experiments described in this paper were 
performed at elevated temperatures, the long-term 
influence of the electric field at ambient temperatures 
should also lead to comparable changes of the struc- 
ture of several polymers. To prove the occurrence of 
the bursting effect in polymer blends, further experi- 
mental research needs to be done. 

4. Conclusions 
1. An electric field applied to PEO and PEO/ 

PMMA in a molten state and during crystallization 
caused an increase of the nucleating density of PEO 
spherulites. 

2. Similar to the bursting effect, the electric field 
may create a dissipation of bigger droplets of molten 
PEO into smaller ones with a spherical shape, and 
subsequently a growth of PEO spherulites which re- 
tained this shape. 
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