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Abstract — The study aimed to develop a high-power enzymatic electrode for a wearable fuel cell that generates
electricity utilizing lactate present in a sweat as fuel. Anode was fabricated by immobilizing lactate oxidase (LOx) on
flexible carbon paper. As the lactate concentration in the electrolyte solution increased, the amount of current generated
by catalysis of lactate oxidase increased. The immobilized LOx generated 1.5-times greater oxidation current density in
the presence of gold nanoparticles than carbon paper only. Bilirubin oxidase (BOD)-immobilized cathode generated a
larger amount of reduction current in the electrolyte saturated with oxygen than purged with nitrogen. A fuel cell
composed of two electrodes was fabricated and cell voltage was measured under different discharge current. At the
discharge current density of 66.7 pA/cm?, the cell voltage was 0.5+0.0 V leading to maximum cell power density of
33.8+2.5 uW/cm>.
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Fig. 1. (a) Fabricated carbon paper electrode and (b) schematic diagram of enzymatic fuel cell.
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pH 7.0)°4 EIS S74& S 38s3ith. EIS 574 &) F3r W9l
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Fig. 2. Cyclic voltammogram for carbon paper electrodes in 10 mM
PBS (pH 7.0) supplemented with LOx, 1 mM PMS and sodium-
L-lactate with different concentration. The scan rate was 20
mV/s.
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Fig. 3. Cyclic voltammogram for LOx electrodes in PMS (1 mM)-

containing PBS (10 mM, pH 7.0) with or without sodium-L-

lactate (S0 mM). The LOx was immobilized on carbon paper

(CP) or carbon paper modified with gold nanoparticles (CP-
AuNPs) and the scan rate was 20 mV/s.
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Fig. 4. Niquist plots of measured and fitted values for LOx-immo-
bilized electrodes. A equivalent circuit was given in inset.
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R,v= A=3xWe HEATS YebATE CPE (constant phase
element)= A 2] H]o] A Q1 ATYAAAE g el o] AT
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sk A=/ Adel thgk 7R Ao CPE7} pure
capacitances AT 4= A15-& &Jn]glt}22]. CPE2+ B& A=
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AuNPs-LOx 9] #k& 2-39) wtokth 53] R;& vlal] K1, CP-
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Table 1. Fitted impedance values for cabon paper based LOx electrode
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Fig. 5. Cyclic voltammogram for BOD electrodes in 100 mM citrate

buffer (pH 5.0) supplemented with ABTS (1 mM). The BOD was

immobilized on carbon paper modified with gold nanoparticles

(CP-AuNPs) and electrolyte was purged with N, or saturated
with O,.
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BOD &4 -8t cathodeE #1458l CV 574< 53l BOD-
cathode®] A712 545 AT 1 A¥E Fig. 50l YFERASIT
0.4 V (vs. Ag/AgCl) T3 ellA B a7 I Q=T ol pH
5641 ABTS 7} ABTSE == W95 Yepdth23]. A4a=
A (purge)dte] AtF A AT Al d o)M= ABTSY 2H2 ¢
AFUE7}t B2g vhA Axw 23505 AadolAE= ABTSS) 3
HHFLE ghol el = A 5718t Cathodedll A &% AAt
7} AR miZfAIQl ABTSE W= a1, BOD &47) ©xke) 4k
A2 e AA B gA st BOD W WAV S B An e R
E] BOD HE&-oll A7 5298 & = Qo B8k ABTS7H A=
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AT AL 9SS & 5 otk 2 =27 BODS] /d5S &
A7) B Avpso] HEITH24-26].

3-4. HEMA| HZ & Hs "t

CP-AuNPs-LOx (anode)2} CP-AuNPs-BOD (cathode)Z -3 ¥
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Hl-e} o] Al o] 73] 2 %9 (open circuit voltage, OCV)< <F
0.7 V Atk AR HE =] A 7(66.7 pAlem?)E LA ol
it A A9 OCV ghellA] HAslr] Al&sto] g7 delel =2
sk & AAYFES AT & AdolA = Al A At gk
S o] g3lo] -V 2418 AT Fig. 6(by= WA F W3l
a2 A A WskE veEhle otk A Rgel S
upet A Fgte] AAE] ket $ AR W) 66.7 pV/em? ©]

Electrode R () R, (®) R, () T CPEI P T CPE2 P
CP 32 - 922 - - 4.7x107 1.0
CP-LOx 33 195.4 75.7 1.6x107 0.6 5.3x107 1.0
CP-AuNPs-LOx 3.0 983 342 6.9x107 0.8 1.2x10° 1.0
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