압력이 Solid Polymer Elecrolytes의 Phase Diagram에 미치는 영향
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Introduction

Several research institutes have been developing batteries with solid polymer electrolytes for more than 15 years. Research efforts have been growing each year, resulting in projects such as the United State Advanced Battery Consortium in the United States, and the national program led by NEDO in Japan. The objective has been to identify solid polymer electrolytes (SPE) with a conductivity higher than 10-3S cm-1, and a redox stability window higher than 4V, which is the lower limit in the case of utilization of high-voltage cathodes. Investigating the manufacturing process of lithium polymer battery in common use recently1, there is a pressure imposed on the SPE to improve the degree of contact between electrolyte and electrode. Physical properties of the compressed SPE system would be totally different from those of the incompressed SPE system. Further, when plasticized SPE is used, the effect will be even greater.  Smith and Pennings2 showed that, according to the Flory–Huggins theory of melting point depression, an eutectic point may occur in an athermal polymer/diluent system if the melting point of a diluent is not too low in comparison with that of the polymer. Myasnikova et al.3 provided the phase diagram of PEO/resorcinol system in which resorcinol molecules form hydrogen bonds to the polymer chain. However, in previous studies of the phase behavior of SPE, it is hard to find a theoretical prediction that can describe and predict the change of liquidus curves including an eutectic point owing to the compression effect. 

In this study, we develop a model to describe phase behaviors of compressed polymer/salt systems. We combine two theory to take into account the pressure effect of the given systems: theory of melting point depression4 and the generalized lattice-fluid (GLF) model5. We then compare the proposed model with experimental data for PEO/ZnX2 ( X = Cl, Br ) and PEO/LiCF3SO3 as model systems to show the change of liquidus curve and an eutectic point with various pressure. 

Theoretical Consideration

The Free Energy of Mixing
In the LF model6-7, free energy of mixing 
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 is given by 
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In this lattice, 
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 EMBED Equation.2  [image: image4.wmf])

N

r

N

r

(

2

2

1

1

+

=

 is defined as total lattice sites occupied by all segments of molecules in lattice. 
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 is a well-known combinatorial entropy of mixing and 
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 is an entropy of mixing holes in lattice with molecules given by
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We set free energy per a molecule 
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, then eq.(1) yields
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where
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 is the mixing interaction energy.
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where 
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 is the mer-mer interaction energy between mers i and j
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f12 is the free energy parameter that replaces the pure energetic parameter 
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. It includes the specific interaction parameter 
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 and the entropy effect generated by the specific interaction. f12 is defined as5
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where q is the number of ways that the nonspecific 1-2 interaction occurs.

Equation of state
The free energy of mixing is 
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which yields the lattice fluid equation of state
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The Chemical Potentials 

The chemical potential for component 1 in a binary mixture is given by
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then the expression for 
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Similarly, the expression for 
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Theory of melting point depression
In a semicrystalline system, the condition of equilibrium between a crystalline polymer and the polymer unit in the solution may be described as follows4
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where 
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 are chemical potentials for crystalline polymer segment unit,  liquid (amorphous) polymer segment unit and chemical potential in standard state, respectively. Now the formal difference of appearing on the left-hand side is expected as follows :
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where 
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 is the heat of fusion per segment unit, T and 
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 are melting temperature of the species in a mixture and of the pure phases, respectively. The right-hand side of  equation(12) can be restated as follows :
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where V1 and Vu  are the molar volumes of the salt and of the repeating unit, respectively. By substituting equations(14) and (15) into equation (13) and replacing T by Tm,2, the equilibrium melting temperature of mixing is given by
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The subscripts 1,2 and u refer to the salt, the polymer, and the polymer segment unit, respectively. Similarly, 
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From equations(16) and (17), we can calculate liquidus curves of polymer/salt with various pressure.

Result and Conclusion

A polymer-based binary system is subject to the laws of classical thermodynamics and can be described by phase diagrams. The proposed model taking into account the compression effect agrees fairly well with experimental data. 

Our results show that an eutectic point moves toward higher Tm and lower weight fraction of salt with increasing pressure. We could also expect that the change of the eutectic point due to the pressure would be greater when plasticized SPE is used.
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Figure 3 (a) Phase diagram of PEO/ZnBr2 system. The transition temperatures are obtained using Thermo-Optical Analysis technique((). The solid lines are calculated from the proposed model. The dotted lines are calculated from the model based on the LF model(� EMBED Equation.3  ���). (b) The solid lines, dash lines and dotted lines are calculated by the proposed model with P=1, 25, 50 atm, respectively. (c) The enlarged eutectic points region.
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Figure 2 (a) Phase diagram of PEO/ZnCl2 system. The transition temperatures are obtained using Thermo-Optical Analysis technique((). The solid lines are calculated from the proposed model. The dotted lines are calculated from the model based on the LF model(� EMBED Equation.3  ���). (b) The solid lines, dash lines and dotted lines are calculated by the proposed model with P=1, 25, 50 atm, respectively. (c) The enlarged eutectic points region.
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