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1. Introduction

Polymer electrolyte membrane fuel cell (PEMFC) is a
promising future energy source of high power density
and zero-emission; for portable, stationary, and
transportation devices [1]. The electrolyte membrane
selectively allows positive ions and protons to pass from
anode to cathode and prohibits electrons, forcing external
load current. For hydrogen fuel cells, the cell membrane's
proton conductivity plays a crucial role in the system's
overall performance. The fluorinated polymers, such as
Nafion® membranes, are the most commonly used
membranes due to their high proton conductivity and
stability [2]. As the free volume of the material governs
the proton conduction, investigating the free volume size
and density is a matter of great interest [3]. In this study,
the free volume size of three different commercial
Nafion® membranes were calculated by measuring the
ortho-positronium lifetime from Korea Atomic Energy
Research Institute (KAERI) positron annihilation
lifetime spectroscopy (PALS) system.

2. Methods and Results

2.1 System Setup

The KAERI PALS system consists of two fast plastic
scintillators combined with photomultiplier tubes,
constant fraction differential discriminators (CFDD), a
nanosecond delay, a multi-channel analyzer (MCA), and
a time-to-amplitude converter (TAC).

Fig. 1. A) Radioisotope source and scintillation detectors
(black) and B) CFDDs, a nanosecond delay, an MCA,
and a TAC embedded in nuclear instrumentation module
(NIM) bin.

A 30 pCi ?2NaCl solution was deposited and
evaporated on 2.5 um thick nickel foils. The source and
nickel foils were then sandwiched between the sample
membranes.

2.2 Experimental Result

Three commercially available proton exchange
membranes (G, NR-211, NR-212) with different
thickness (15 um, 25 pm, and 50 um respectively) were
cut into 10 mm x 10 mm pieces and were stacked.

More than a million count was collected for each
measurement and then analyzed by PALSfit3 [4]
software. The PAL spectra were decomposed into three
lifetime components as shown in Fig. 2. For polymer
spectra, the third long-lived component indicates ortho-
positronium (0-Ps) characteristic, or more specifically
the o-Ps lifetime (z,_ps).

—— Lifetime component #1

Counts
T

ol |
10" 250 1600

P P I L
1750

P |
2250

2500

P S P R R
2000 2750 3000

Channel no.

Fig. 2. The PAL spectrum fitting with PALSfit3 software [4].

Free volume size was calculated from z,_p by Tao-
Eldrup model and with the spherical approximation [5,
6]. The model equation is given as,
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To_ps = 0.5[1 — R+ AR
where R is the radius of the spherical free volume and
AR =0.166 nm is the minimum thickness of the
homogeneous electron layer overlapping with the
positron wave function. The free volume size V; can be
calculated from the following equation,
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Table | summarizes key parameters of PALS free volume

characterization. The reduced-y? is equal to y? divided
by the degree of freedom (v) of the curve-fitting problem.
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Table I: o-Ps lifetime (r,_ps), reduced-x?, and free
volume size of Nafion membranes

To—ps (TLS) Xz/v Vf (nm3)
G 2.4119 2.010 0.1381
(15um) ' ' '
NR-211
5y 25703 1.279 0.1546
NR-212
Sopmy L6601 1571 0.0671

3. Conclusions

The Nafion free volume characterization by the
KAERI PALS system was conducted. The NR-212
showed the shortest o-Ps lifetime and, therefore, the
smallest free volume. If the proton conductivity is the
only concern, the strong positive correlation of proton
conductivity [7] indicates that proton exchange
membranes with thickness less than 25 um is desirable
for PEMFC.
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