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ABSTRACT

electrolytes) have attracted great attention as a suitable substitute for liquid
electrolytes. On the other hand, ionic liquids could dramatically enhance the
ionic conductivity of electrolytes. In this work, gel polymer electrolytes based on
poly(vinylidene fluoride-co-hexafluoropropylene) (PVDF-HFP)/poly(ethylene oxide)
(PEO) blends (for application in dye-sensitized solar cells, DSSCs) and imidazolium-
based ionic liquids were prepared. It is supposed that blending these two polymers
could reduce the degree of crystallization and increase the porosity of the electrolyte
blend to yield a higher electrolyte uptake and ionic conductivity.
Methods: Polymer blend electrolytes were prepared in different blend ratios and in
the presence of either one of the ionic liquids including 1-butyl-3-methylimidazolium
iodide (BMII) or 1-buthyl-3-methylimidazolium tetrafluoroborate (BMIMBF,)
through phase inversion method and their properties were investigated by differential
A s scanning calorimetry (DSC), mercury porosimetry, electrolyte uptake, and morphology
to optimize the blend ratio.
polymer blend, Findings: It was found that the blend ratio of 60/40 (w/w) PVDF-HFP/PEO has the
ionic liquids, highest porosity and electrolyte uptake. Crystallization investigations by DSC showed
that there is a direct relationship between the decrease of crystallinity of two polymers
and the increment of electrolyte ionic conductivity. Electrolyte uptake gradually
electrochemical properties increased with increasing PEO component concentration up to 40 wt%, and reached
a maximum of 98.49% and 89.48% for BMIMBF, and BMII, respectively. Beyond
this concentration, a decrease in electrolyte uptake was seen, which is an undesirable
feature for the produced samples. In this blend ratio ionic conductivity was measured
as 2.07 mS/cm and 1.78 mS/cm for PVDF-HFP/PEO/BMIMBF, and PVDF-HFP/
PEO/BMII electrolytes, respectively.

l lypothesis: In recent years, gel polymer electrolytes (quasi-solid state

ionic conductivity,
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Table 1. Experimental melting enthalpy, expected melting enthalpy, and degree of crystallinity of PVDF-HFP and PEO.

PVDF-HFP (A)/PEO (B) _ A, 0 _AH,,; O) @) | o (%)
Experimental Expected Experimental Expected

100/0 28.74 28.74 0 0 27.45 0

90/10 25.35 25.86 0 12.65 26.9 0

80/20 21.29 22.99 6.54 253 25.42 153
70/30 17.84 20.11 22.58 37.95 24.34 35.22
60/40 14.38 17.24 35.21 50.6 22.89 41.19
50/50 11.27 14.37 55.54 63.26 21.53 51.98
40/60 8.69 11.49 70.29 75.91 20.75 54.82
30/70 4.45 8.62 90.31 88.56 14.17 60.37
20/80 2.18 5.74 105.61 101.21 10.41 61.77
10/90 0 2.87 120.49 113.86 0 62.65
0/100 0 0 126.52 126.52 0 59.2
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Fig. 2. Polarized optical microscopy images of PVDF-HFP/PEO blends at room temperature for different blend ratios: (a) 30/70,

(b) 40/60, (c) 60/40, and (d) 70/30 (w/w).
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Table 2. Porosity variations in blend membranes of neat polymers and PVDF-HFP/PEO blends at different blend ratio.

PVDF-HFP/PEO Average pore size (mm) Pore volume, Vp Caleulated porosity, Porosity (%)
(cm’/g) Eyyp (70)
100/00 0.95 0.71 39.30 40.11
90/10 1.52 0.82 47.70 45.26
80/20 1.85 0.86 49.20 47.32
70/30 1.98 1.20 51.24 50.14
60/40 2.14 1.47 58.65 57.16
50/50 2.06 1.35 56.52 55.37
40/60 1.81 1.21 48.94 46.28
30/70 1.86 1.13 46.40 45.31
20/80 1.66 1.12 39.54 39.02
10/90 1.61 0.80 32.11 30.87
00/100 1.43 0.74 28.99 27.46
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Fig. 4. The electrolyte uptake of microporous membranes of

PVDF-HFP/PEO/BMIMBF, and PVDF-HFP/PEO/BMII.
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Fig. 5. Porosity of PVDF-HFP/PEO microporous membranes.
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Fig. 6. Cross-sectional SEM images of the PVDF-HFP/PEO membranes at different
blend ratios: (a) 80/20, (b) 70/30, (c) 60/40, (d) 40/60, (e) 30/70, (f) 20/80, and (g)
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