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Transmission Performance and Free Volume of Gel Electrolyte
Membranes Based on Comb-like Methyl Methacrylate Copolymers

Zhou, Hualong” Ma, Xiaoyan**“ Wang, Yifei’ Guan, Xinghua“ Wang, Bo”
(“ Department of Applied Chemistry, School of Science, Northwestern Polytechnical University, Xi'an 710129)
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Abstract Three comb-like methyl methacrylate copolymer matrixes for gel polymer electrolyte (GPE)
were synthesized by reacting methyl methacrylate-maleic anhydride copolymer (P(MMA-co-MAh)) with
poly(ethylene glycol) monomethylether (PEGME) of different molecular weight (350, 600, and 750), re-
spectively. Three kinds of GPE membranes made from comb-like copolymers as matrix, shorted for CL350,
CL600, CL750, propylene carbonate (PC) as plasticizer and LiCIO, as salt, have been prepared by solution
casting technique. By studying the ion transporting properties of the GPE, it is found that the conduction
mechanism of the GPE accords with VTF (Vogel-Tamman-Fulcher) equation, which is derived from free
volume theory. Positron annihilation lifetime spectroscopy (PALS) was employed to analyze the properties
of free volume in GPE systems and the effect of microstructure on conductivity of GPE membranes. It is
noted that increasing the side chain length of polymer matrixes will increase the free volume existed in sys-
tem. When the content of polymer matrix is 45 wt%, free volume in CL750 based GPE membrane is 21%
larger than that in CL350 based GPE membrane. Correspondingly, compared with CL350 system, the ionic
conductivity of CL750 system grows by 200%. It is apparent that the ionic conductivity of GPE membranes
is affected by the structure of polymer matrix to a great extent.
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Figure 1 Structure of comb-like MMA/MAh-g-PEGME co-

polymers
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Table 1 The glass transition temperature of comb-like copoly-
mers and ionic conductivity of its GPE membranes at 25 ‘C

Sample T, Ty Tonic conductivity/(Secm™")
CL350 107.9 —32.0 1.1x10°°
CL600 112.8 —46.0 1.6X10°°
CL750 1244 —474 33X10°
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Figure 2 Relationship between lg ¢ and 1000/(T —T7,) for GPE
membranes based on three comb-like copolymers (7, stands for
main chain’s glass transition temperature of copolymers T,)
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Figure 3 Relationship between 1g ¢ and 1000/(T —T;) for GPE
membranes based on three comb-like copolymers (7 stands for
side chain’s glass transition temperature of copolymers 7, /;)[14]
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Table 2 Positron annihilation lifetime and intensity of GPE membrane based on CL350, CL600 and CL750 at25 C

Sample 7,/ns 1/% T,/ns L% 73/ns L/%

CL350 0.16+0.004 33.62+1.49 0.40+0.01 55.72+1.40 2.18%0.03 10.66£0.15
CL600 0.17£0.01 30.86£1.65 0.40+0.01 58.72+1.56 2.2610.03 10.4210.14
CL750 0.18£0.01 27.881+1.83 0.41x0.01 60.78+1.75 2.4810.03 11.35%0.13
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Table 3 Free volume parameters of gel polymer electrolyte
based on CL350, CL600 and CL750

Sample R/A V/A3 F,

CL350 2.419 59.289 6.322
CL600 2.450 61.605 6.418
CL750 2.528 67.637 7.674
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Figure 4 Ortho-positronium annihilation lifetime distribution
curve of gel polymer electrolyte based on CL350, CL600 and
CL750
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Table 4 o0-Ps annihilation lifetime distribution parameter of gel
polymer electrolyte based on CL350, CL600 and CL750 at 25 C

Polymer matrix Area Fwhm (ps)* Height Position of peak

CL350 4.538 158.702  0.00709 2208.34
CL600 4.554 106.055 0.00863 2252.96
CL750 5439 171.795 0.00418 2344.90

“ Fwhm: full width at half maximum.
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