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A unitized regenerative fuel cell (URFC) as a next-generation fuel cell technology was considered in the study. URFC is
a mandatory technology for the completion of the hybrid system with the fuel cell and the renewable energy sources, and
it can be expected as a new technology for the realization of hydrogen economy society in the 21% century. Specifically,
the recent research data and results concerning the polymer electrolyte membrane for the URFC technology were summarized
in the study. The prime requirements of polymer electrolyte membrane for the URFC applications are high proton con-
ductivity, dimensional stability, mechanical strength, and interfacial stability with the electrode binder. Based on the perform-
ance of the polymer electrolyte membrane, the URFC technology combining the systems for the production, storage, utilization
of hydrogen can be a new research area in the development of an advanced technology concerning with renewable energy

such as fuel cell, solar cell, and wind power.
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Figure 1. Schematic concept of URFC operation [reproduced with
permission from ref. 1,2].
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Figure 2. Schematic diagram of URFC system [reproduced with
permission from ref. 3-6].
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Figure 3. System efficiencies of various energy storage systems based
on the total system weights.
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After the electrolyzer operation

Figure 4. Surface morphology of carbon bipolar plate after electrolyzer
operation of URFC (at 2.0 V for 1 h) [reproduced with permission
from ref. 17].
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Figure 5. Chemical structure of Nafion.

Figure 6. Cluster-network model for the morphology of hydrated
Nafion [reproduced with permission from ref. 23].
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Figure 7. SAXS data of Nafion 117 and recast Nafion membrane [Raw
data in the lab.].
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Table 1. Water Uptake and Dimensional Change of Nafion Membrane

Nafion type Water uptake (%) Dimensional change (%) Thickness change (%) Volume expansion (%) Ref. No.
Nafion 117 38 10 10 33 26
Nafion 117 30 11 11 37 27
Nafion 117 33 13 13 44 28
Nafion 117 28 15 15 52 29
Nafion 112 19.6 8 7 27 22
NR-211 20 10 10 33 22
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Table 2. Dissolution of Nafion

Dissolution (%)

Membrane type (Sonication for 24 h at R. T.) Ref. No.
EtOH/Water (1/1) MeOH (2 M)
Nafion 117 0 0 -
Recast Nafion 98 18 33

Figure 10. Brittleness of Nafion binder after casting [reproduced with
permission from ref. 33].
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Figure 11. WAXD data of Nafion 117 and recast Nafion membrane
[Raw data in the lab.].

Table 3. Mechanical Strength of Nafion Membrane

Tensile strength (MPa)

Nafion type and state Ref. No.
Dry state Wet state
30/MD 14/MD
Nafion 117 25/TD 10/TD 34
43/MD 34/MD
Nafion 117 32/TD 26/TD 35
Nafion 117 27 19 36
(MD : machine direction, TD : transverse direction)
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Figure 12. DSC data of Nafion with water uptake [reproduced with
permission from ref. 37].
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