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Evaluation for Oxygen Permeability and Biomolecules Diffusion Using Biofuel Cells

by
Keiichi KANETO* and Sadahito UTO
Department of Biomedical Engineering,

Faculty of Engineering

In this study, a new evaluation method for biomolecules diffusion and oxygen permeability coefficients in barrier
films is proposed. The basic idea is based on the utilization of fuel cells with electrical current that is dependent on flow
rates of fuel and oxygen to the anode and cathode, respectively. By placing barrier films in front of electrodes the
permeability of the film is estimated from the equilibrated current. Herein, L-ascorbic acid was employed as a model
fuel. Diffusion coefficients of ascorbic acid in polyvinylchloride, polyethylene, Nafion, and dialysis membrane were
evaluated. Oxygen permeability of polyethylene, silicon rubber, and water films were also estimated. The results were

compared with those from previous studies and found to be valid.
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Fig.1 Schematic drawing of biofuel cell for evaluation of

oxygen permeability and fuel diffusion in barrier films.
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Fig.2 Photograph of the biofuel cell.
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Fig.3 Typical output characteristics of AsA biofuel cell

as the function of 7 (depending on Ry).
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Fig.5 Time responses of i, Ecn and P in AsA fuel cell
with barrier film of a dialysis membrane (43pum
thickness) in the fuel compartment.
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Fig.6 Time responses of i, Ecn and P in AsA fuel cell
with barrier film of a filter paper (180um thickness) in
the fuel compartment.
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Table 1. Diffusion coefficients of AsA in various films
evaluated by fuel cell.

el T Thickness i, Diffusion coefficient
d (um) (nAcm?) D (x10 % ecm?s?)
Poly(vinyl chloride) 8 4.9 0.41
Low density PE 30 31 0.97
Anion i):?::g;lh:;rbrane 130 5.9 8.0
Nafion (N117) 180 31 58
Dialysis membrane 43 1.8x10° 800
(Cellulose)
Cellophane PT 59 1.41x10° 870
PEDOT*PSS 27 5.9x10° 1.7x10°
SWCNT paper 76 3.6x10° 2.8x10°%
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Fig.8 Time responses of i, Eci and P in AsA fuel cell
with barrier film of a silicon rubber (0.5mm thickness) in

the oxygen compartment.
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Table 2. Oxygen permeability coefficient in various

polymer films evaluated by fuel cell.

Polvmer films Thickness i Oxygen permeability Coeﬂicient
W d (um) (nAcm?) (X 1019 cm3(STP) cm/cm? s:cmHg)
High density PE 13 24 1.1 0.4~2.5 [4,10]
Low density PE 42 34 5.4 6.9 [10]
Cellophane PT 59 100 23
. 6.8 ~10.1
Water film 110 71 28 Hydrogel [13,15]
Dialysis
(Cellulose) 43 2,000 330
Silicon rubber 500 200 380 100 ~ 600 [9]
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Fig.10 Current responses in AsAfuel cell, air supplied
from vinyl tube with the inner diameter 3mm and length
27cm.
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