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Polymer electrolytes are solid solutions of salts in the bulk polymers and are expected to

be used as new solid electrolytes in many solid electrochemical devices.

Especially. the ap-

plication to high-energy-density and solid-state lithium secondary batteries has been a hot top-

ic in the community of solid state ionics.

In this review, the characteristics of ion conduction

in polymers are summarized, with focusing on the dynamics of ion transport and dissociation

processes.
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A future direction of the polymer electrolyte studies is discussed.
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Sub-Tg materials & Super-Tg materials I

Inorganic glasses
(Sub-Tg matenals)

Polymer electrolytes
Tg g {Super- Tg matenals})

Application range

Why Super-Tg materials ?l

Crosslinking Effect
1. Entanglement
2. Network structure
3. Existence of crystallites

4. Block of graft copolymerization with higher Tg or Tm
segments

Fig. 1 Classes of amorphous fast ion conductors dis-
tinguished by relation of 7g to temperature range
of application, and the reason why polymer elec-
trolytes are super-7g materials.
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Fig. 2 WLF plots for ionic conductivity for cross-linked
PEO polymer electrolytes containing various
salts (To=Tg+507C) .
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Fig. 3 Schematic illustration of cation transport in
PEO: (a) , Cooperative motion of local motion
of polymer segment and ion transport {(The
cation transport is brought by the rotation of C-
O bond AB.) ; (b) , Coordination exchange

processes between two polymer segments.
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Fig. 4 Relation between equivalent conductance W
and reciprocal of solution viscosity M) for PPO
2000 solutions of LiClOs at various tempera-
tures.  [LiClO4)/[PO unit]: M, 0.01; & 0.02;
®. 0.04; [, 0.06; &, 0.08; O, 0.10.
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Fig. 5 Relation between equivalent conductance {1y
and reciprocal of solution viscosity () at 25
C for PPO solutions of LiClOy at various salt
concentrations. Molecular weight of PPO: O,
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Fig. 6 Temperature dependences of relaxation times for

ion-conducting polymer (PPO): ----, molecular-
weight-independent (mol.wt.= 425-10%) struc-
tural relaxation time (7;) determined by light
scattering experiment for pure PPO; J, struc-
tural relaxation time [r; (BS)] determined by
Brillouin scattering for P (PO) 1-NaCFiSO3x &,
conductivity relaxation time {to) for P (PO} 15
NaCF;S0:;.
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Table 1 Ionic conductivity of P(EO/MEEGE) complexed with LiClO4 or LiTFSL

, lonic Conductivity(S/ecm)
Polymer Molecular  x [Li}/fO] Sait °

Y weight LVO] satt 79 /°C = 500 araoc

P(EO/MEEGE)-5 > 4.0x108  0.05 0.06 LiClOs -42 3.3x104 2.5x105

LITFSI  -47 5.1x104 5.8x103

0.08 LiClOs -31 2.9x104 1.9x105

LiTFSI  -43 5.6x104 5.3x105

P(EO/MEEGE)-9 15x108 009 006 LICIOs 34  7.5x10¢  5.9x10%

LiTFSI  -46 1.0x103 9.2x10%

0.08 LiClOs -23 7.5x104  2.4x10%

LiTFSI  -40 1.4x108  1.3x10¢
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Enhancement of ionic conductivity by decou-
pling of conductivity relaxation time (ts} from
structural relaxation time (z;) under the influ-
ence of fast relaxation of highly mobile side
chains.
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