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1.  Introduction
During the last decades there has been a growing interest in 

synthesis and characterization of solid polymeric electrolyte 
(SPE) membranes [1-4]. These materials are very important 
from a scientific and technological point of view because of 
the numerous fields of application: various types of chemical 
separations, biochemistry, food technologies, waste water 
treatment, medical technologies, electrolyte polymer membranes 
in fuel cells, metal filtering, ion exchange chromatography, etc. 
As a result, extensive research is being done in order to obtain 
different functional polymers with application-tailored chemical 
and physical properties. Due to the presence of functional 
groups in their structure, these special polymers possess specific 
reactivity, physical and chemical behavior and advanced optical 
or electrical properties. Some further advantages of functional 
polymers are: attractive mechanical properties, easy processing 
and low to medium production costs [5-6].

SPEs have drawn the attention of many researchers as 
they find applications in lithium batteries and also in other 
electrochemical devices. Unlike the liquid electrolytes, these 
solid polymer electrolytes have a number of advantages like 
high-energy density, no leakage of electrolytes and absence of 
non-combustible reaction products at the electrode surfaces [7].

The mechanical properties of the SPE used in batteries are 
important to the performance and affect durability and cell 
longevity, preventing membrane failure from stresses induced 
by changing temperature and water content during operational 
cycling. Also, it is important to design the SPE by combining 
the electrochemical and mechanical properties [8-10].

Vinnol H 40/50 is a copolymer of approx. 60 wt.% vinyl chloride 
and approx. 40 wt.% of vinyl acetate. Its main use is for surface 
coating. The films show good toughness, permanent flexibility, 
abrasion resistance, low swelling in the presence of common 
solvents. The solid polymer electrolyte membranes based on Vinnol 
H 40/50 and Lithium bis(oxalate)borate (LiBOB) were obtained in 
order to be used as solid electrolyte in lithium batteries.

The preliminary experimental program presented in this 
paper has the objective of highlighting the influence of loading 
rate and grade of artificial aging on the tensile properties of 
Vinnol and LiBOB based polymeric membranes, used in the 
manufacturing of lithium-polymeric batteries.
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2.  Experimental plan, equipment and materials
The experimental program has been developed in order to 

highlight the influence of operating conditions on the most 
important mechanical properties of polymeric membranes. The 
stages of the experimental program are the following:

1.	 Tensile testing of non-aged specimens, using different 
loading rates;

2.	 Selection of a loading rate at which the following tensile 
tests will be carried out;

3.	 Tensile testing of non-aged specimens using constant 
loading rate (determined at step 2) and recording of the 
obtained mechanical properties;

4.	 Artificial aging of a new set of specimens, identical with 
the ones used at step 3, over a controlled period of time;

5.	 Tensile testing of the artificially aged specimens 
using constant loading rate (determined at step 2) and 
recording of the obtained mechanical properties;

6.	 Comparison of the obtained results in case of non-aged 
and aged specimens with the analysis of the parameters’ 
influence on the mechanical properties.

The tensile tests were carried out according to the SR EN ISO 
527 standard, parts 1 and 3 (films and sheets) [11-12].

The equipment used for the tensile tests consisted of the 
universal tensile testing machine Zwick/Roell Z005, with a 
maximum load of 500 N. The machine was equipped with 
special grips, designed and executed at ISIM Timisoara for this 
purpose, as shown in Figure 1. The equipment was controlled 
through a laptop by the dedicated software testXpert II v3.5.

The fixed loading rates used for the tensile testing were: 
10 mm/min, 25 mm/min, 50 mm/min, 100 mm/min, 300 mm/min 
and 500 mm/min.

The artificial aging of the specimens was carried out using 
an experimental UV radiation equipment, designed and 
manufactured at ISIM Timisoara (Figure 2).

The artificial aging equipment is fitted with 6 Cleo HPA 
400/30 SD UNP 400W high performance UV lamps respectively 
the corresponding BHA 400 L33 HD2-151 electromagnetic 
ballasts and HID SND 58 igniters. Thus the overall installed 
power of the lamps is 2.4 kW.

During the design of the equipment it became obvious that the 
intensity of the UV radiation needs to be uniformly distributed at 
the surface of the specimens and it also needs to be adjustable. As 
a result, the constructed aging equipment allows the use in pairs 
of 2, 4 or 6 UV lamps. Furthermore, the geometry of the 6 lamps 
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The experimental program was applied for two different 
types of specimens, realized from polymeric membranes used 
mainly in the manufacturing of lithium-based batteries. The two 
materials carry the code names: V15P 20%Li (material 1) and 
V15P 30%Li (material 2).

Figure 3. Cross-section of the artificial aging equipment, showing 
the variable relative distance between the two rows of UV lamps 

and the variable height of the lamps relative to the specimens.

The membranes were obtained by casting the mixture 
containing Vinnol H 40/50, LiBOB, plastifiant tris (2-chloropropyl) 
phosphate and methylethylketone on a glass plate using a film 
applicator.

Constant width sheet-type specimens were extracted 
from both materials, according to the SR EN ISO 527-1 and 
SR EN ISO 527-3 standards, with the dimensions: 250x25 
mm. The specimen thickness is given in Table 1.

Table 1. Thickness of the tested specimens

Material Thickness [mm]

Material 1 – V15P 20%Li 0.040

Material 2 – V15P 30%Li 0.055

Figure 4. Image of an aged (upper) and a non-aged (lower) 
specimen, both extracted from material 1.

Two specimens are presented in Figure 4, one non-aged 
and one after a 4 hour exposure to UV radiation in the 
artificial aging equipment. The aged specimen can clearly be 
distinguished by its darker color, which is a side-effect of the 
UV exposure.

3.  Results and discussion
The specimens were subjected to tensile testing in order 

to determine their mechanical properties and to analyze the 
influence of the loading rate on the results. The tests were carried 
out in controlled laboratory conditions, with constant ambient 
temperature of 23°C.

and the structure is adjustable, the operator being able to choose 
different relative distances between the two rows of lamps and 
different distances (height) between the lamps and the specimens, 
as highlighted in the cross-section represented in Figure 3.

Figure 1. Experimental equipment for tensile testing  
of polymeric membranes.

Figure 2. Equipment for artificial aging using  
UV emission lamps.

The actual parameters chosen for aging the specimens were 
the following:

1.	 Number of UV lamps: 2 (cumulated power: 800 W);
2.	 Height of lamps from specimens: 400 mm (max);
3.	 Relative distance between UV lamps: 90 mm;
4.	 Temperature measured at specimens: 40°C;
5.	 Time of UV exposure: 4h.
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In the first phase of the experimental program, 6 non-aged 
specimens from material 1 were subjected to tensile testing 

The main mechanical properties were extracted from the 
stress-strain curves and they are given in Table 2, while the 
variation of the tensile strength and the strain at break as 
functions of the loading rate are plotted in Figure 6.

Based on these results, the loading rate of 100 mm/min 
has been selected as reference for the tensile tests of the aged 
specimen. Figure 7 presents the stress-strain curves of 2 specimens 
extracted from material 1, one in initial non-aged state, while the 
other one having previously suffered a 4 hour exposure UV aging.

Table 2. Obtained mechanical properties for material 1,  
as functions of the tensile loading rate,

Loading  
rate
v

[mm/min]

Tensile  
strength

σM 
[MPa]

Young  
modulus

Et

[MPa]

Strain  
at break

εb

[%]

10 16.9 86.9 6.2

25 19.6 74.2 6.3

50 21.5 89.6 7.1

100 20.5 117.0 3.7

300 18.3 - 2.9

500 16.7 101.0 4.6

Figure 7. Stress-strain curves of one non-aged and  
one aged specimen, extracted from material 1,  

tensile tested at 100 mm/min.

The effect of the artificial aging on the mechanical 
properties can be clearly seen in Figure 7. The reduction of 
the tensile strength and the reduction of the strain at break 
both indicate the embrittlement of the material relative to 
the initial state.

The influence of the loading rate was also analyzed in case 
of material 2. 

Three different loading rates were applied (50 mm/min, 
100 mm/min, 300 mm/min) and the obtained stress-strain curves 
are plotted in Figure 8.

The values of the most important mechanical characteristics 
were extracted from the stress-strain curves and they are given 
in Table 3.

Figure 5. Stress-strain curves of 6 specimens extracted from 
material 1, with loading rates between 10-500 mm/min.

Figure 6. Variation of tensile strength (a) and strain at break (b) as 
functions of loading rate, in case of material 1.

with different loading rates: 10 mm/min, 25 mm/min, 50 mm/
min, 100 mm/min, 300 mm/min, respectively 500 mm/min. The 
obtained stress-strain curves are given in Figure 5.
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The variation of the tensile strength and the strain at break as 
functions of the loading rate is presented in Figure 9.

 

Figure 8. Stress-strain curves obtained at different speeds  
for three specimens extracted from material 2.

 Table 3. Obtained mechanical properties for material 2, as 
functions of the tensile loading rate.

Loading  
rate
v

[mm/min]

Tensile  
strength

σM 
[MPa]

Young  
modulus

Et

[MPa]

Strain  
at break

εb

[%]

50 10.8 136 4.7

100 12.4 46.6 5.0

300 8.8 74.7 3.6

The variation curves of the tensile strength and strain at break 
are different for material 1 (Figure 6) and material 2 (Figure 9). 
The tensile strength during the tensile tests is higher in case of 
material 1 than in case of material 2, but both curves tend to 
have a maximum value between 100 and 200 mm/min loading 
rate. In case of the strain at break, the variation curves of the 
two materials are completely different: the strain at break of 
material 1 has a minimum around 300 mm/min while the strain 
at break of material 2 has a maximum around 150 mm/min.

As previously mentioned, these results are preliminary and 
need to be backed up by further tests in case of both materials. 
Albeit the above, the general conclusion can be drawn that the 
two materials have different tensile behavior which needs to 
be further analyzed.

4.  Conclusions
A preliminary experimental program was realized in this 

paper in order to determine the influence of tensile loading 
rate and artificial aging with controlled UV radiation on the 
mechanical properties of Vinnol-based polymeric membranes 
used in manufacturing batteries.

Two different materials were tested and it is concluded that 
their mechanical properties show different variations depending 
on the tensile loading rate. Furthermore, a significant decrease 
in the mechanical properties was registered when the artificially 

aged material was subjected to tensile testing, proving the 
material’s high reactivity to UV radiation.

Figure 9. Variation of tensile strength (a) and strain at break (b)  
as functions of loading rate, in case of material 2.

The obtained preliminary results justify, on one hand 
the continuous development of the presented tensile testing 
and artificial aging equipment, and on the other hand the 
continuation of the experimental efforts to ensure a better 
mechanical characterization of polymeric membranes used in 
special applications.
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