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Investigation of Polyethylene Electrolyte Membrane in Different 

Thickness with Positron Annihilation Lifetime Spectroscopy

• The Nafion free volume characterization by the KAERI PALS system was conducted. 

• From the strong positive correlation of proton conductivity and free volume size, membranes with thickness less than 25 μm is desirable for 

PEMFC
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Material & Method

 Positron Annihilation Lifetime Spectroscopy System

 Positron-Source/Sample Configuration

 Positron Annihilation Lifetime Spectra Fitting

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.

 Free Volume Calculation

𝜏𝑜−𝑃𝑠 (𝑛𝑠) 𝐼𝑜−𝑃𝑠(%) 𝜒2/𝜈 𝑉𝑓 𝑛𝑚3

G (15𝜇𝑚) 2.4119 10.85 2.010 0.1381

NR-211 (25𝜇𝑚) 2.5703 10.57 1.279 0.1546

NR-212 (50𝜇𝑚) 1.6601 17.06 1.571 0.0671
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Fig. 2. The PAL spectrum fitting with PALSfit3 software[4]

▪ 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) Block diagram of PALS system configuration and (b) 

measurement experiments setup

(a)

(b)

Fig. 2. Positron source/sample configuration (sandwich geometry)

▪ Free volume size was calculated from Tao-Eldrup model and with the spherical

approximation [5]

Table. 1. o-Ps lifetime (𝜏𝑜−𝑃𝑠), o-Ps intensity (𝐼𝑜−𝑃𝑠), reduced-𝜒2, and free 

volume size of proton exchange membranes 

𝑅 : radius of the spherical free volume. Δ𝑅 : 0.166 nm , the minimum

thickness of the homogeneous electron layer overlapping with the positron

wave function.

▪ Three commercially available proton exchange membranes (G, NR-211, NR-212)

with different thickness (15 μm, 25 μm, and 50 μm respectively) were cut into 10

mm × 10 mm pieces

▪ Polymer pieces were stacked into 2 mm thickness on each side to prevent

positron from escaping interest volume.

▪ More than a million count was collected for each measurement and then

analyzed by PALSfit3 software [4].

▪ 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

(o-Ps) characteristic, or more specifically the o-Ps lifetime (𝜏𝑜−Ps).

▪ The reduced-𝜒2 is equal to 𝜒2 divided by the degree of freedom (ν) of the curve-

fitting problem.
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