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Abstract — The performance of enzymatic fuel cells that convert chemical energy contained in various organic molecules
such as sugar, alcohol, organic acids, and amino acids into electrical energy is greatly affected by the cathode as well as
the anode. This study aimed to develop a laccase-based cathode with high performance. An enzyme composite composed of
an laccase, redox mediator, and carbon nanotubes was immobilized on the surface of electrode in multiple layers, and
the effect of the number of layers and the presence or absence of carbon nanotubes on electrode performance was
investigated. As the number of layers of the enzyme-mediator (Lac-(PVI-Os-dCl)) on the electrode surface increased,
the amount of reduction current generated at the electrode increased. The enzyme-carbon nanotube-mediator composite
electrode (Lac-SWCNTs-(PVI-Os-dCl)) generated a current 1.7 times greater than that of the Lac-(PVI-Os-dCl). It was
found that the largest amount of current (10.1£0.1 pA) was generated in the electrode composed of two layers of Lac-
(PVI-Os-dCl) and two layers of Lac-SWCNTs-(PVI-Os-dCl) in the evaluation of electrodes with different ratio of Lac-
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SWCNTs-(PVI-Os-dCl) and Lac-(PVI-Os-dCl). The maximum power density of the cell using the cathode composed of
a single layer of Lac-(PVI-Os-dCl) and the cell using the optimized cathode were 0.46+0.05 and 1.23+0.04 pW/cm?,
respectively. In this study, it was demonstrated that the performance of cathode and the enzymatic fuel cell using the
same can be improved by optimizing the layers of composites composed of laccase, redox mediator, and carbon

nanotubes on the electrode surface.
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Fig. 1. (a) Laccase-based electrodes with different layers of (a) laccase-(PVI-Os-dCl), (b) laccase-SWCNTs-(PVI-Os-dCl), and combination of

two.
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Fig. 2. Schematic diagram of the proposed enzymatic fuel cells using laccase-based cathode.
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Fig. 3. (a) Cyclic voltammograms and (b) magnitude of cathodic peak current, extracted from cyclic voltammograms for electrodes with dif-

ferent numbers of Lac-(PVI-Os-dCl) layers.

Korean Chem. Eng. Res., Vol. 60, No. 4, November, 2022



554 s A

Current (uA)

E (Vvs. Ag/AgCl)

M)

Current (pA)
~

-8 T T T T T
1 2 3 4 5 6

The number of Lac-SWCNTs-(PVI-Os-dCl) layers

Fig. 4. (a) Cyclic voltammograms and (b) magnitude of cathodic peak current, extracted from cyclic voltammograms for electrodes with dif-

ferent numbers of Lac-SWCNTs-(PVI-Os-dCl) layers.
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Table 1. Cathodic current of electrodes with different numbers of Lac-
(PVI-Os-dCl) or Lac-SWCNTs-(PVI-Os-dCl) layers

Electrodes Peak current (LA)
(Lac-(PVI-Os-dCl)), 7.7£0.2
(Lac-SWCNTs-(PVI-Os-dCl)),-(Lac-(PVI-Os-dCl)), 7.9£0.1
(Lac-SWCNTs~(PVI-Os-dCl)),-(Lac-(PVI-Os-dCl)), 10.1£0.1
(Lac-SWCNTs-(PVI-Os-dCl));-(Lac-(PVI-Os-dCl)), 9.6£0.2
(Lac-SWCNTs-(PVI-Os-dCl)), 9.5£0.4

Korean Chem. Eng. Res., Vol. 60, No. 4, November, 2022

AAdskeieh, Wb, 25-0] Lac-FAAPAEA] 9 25-9] Lac-HA A
SSWCNTs E&AZ 4% d((Lac-SWCNTs-PVI-Os-dCl),-
(Lac-PVI-Os-dCl),)ell A 7H8 B2 k2] 3kl A7(10.1+0.1 pA)Y7}
A= AT} Lac-H ARG A -SWCNTs 53 9] H[&S 57147
Hete B EE ARES O ol T7kHA @ttt o= AEA
o] gk SWCNTs H7FE Ql3te] &4 A= sEHelA dAxpdg
S5 7} AR A A FF o] AF] SWCNTs+= 1 o|Ake] g 37}
e HolFEth E AT ANRENE HATS] SWONTsE AHE-st
I ARG A ARG A HAasE H2A A5 (Lac-
SWCNTs-PVI-0s-dCl),-(Lac-PVI-Os-dC1),3)-& & &= it}

3-4. AZHMXR|UIM cathode M5 T7}

& cathodeE AHE-3H= 7 BRG] 9] =] A Aol
E] T A9 cathodet 152] Lac-AAFEAZ A€ vbH B T
A ] cathoder= &4 3} % =((Lac-SWCNTs-PVI-Os-dCl),-(Lac-
PVI-Os-dCl),)°lt}. Edlg 2 A7} 7ke o A2 E31E daj2d
oA F Ele] A8 A E HAESQITH ARRE AFS PHA

< u A AIREF A g2 el TEekict
WRARAR W 7 A5 X2 e A Y-S =T8I
WA AR Sl whak ER 19] A Aok AxlF o= 7Y
5(). AT} A APFS o] gate] Ao HYHUEE
AXFeRITE AR gho] 30 nAcIA] Al AS 0.27+0.03 VL
A A= Hox]2) 0.46+0.05 pW/em>SAT}. Fig. 5(b)= BFS)
8t -V ot W E s AREEE VMR R &
A AP AL AA A FAE AT 212 50 nAS] HRE
WAANRE o A A F438] FFaskeleh dubdo® a4 A
O EFHEL} Gl FA =), ol FsgollA
A7 wiiolth. A2 8 A1 dapdol
&3} &4, 1EAY 53 22 dskdde] o

)

rN
O
-

JE 12 rlo

Ll

=
osses) W EA AL Ao 7]Q1st 714 9] FE &

Sl A& (Ohmic | ) &
Al Soltt 53] Wb ARFo] S ull EAAY AP O R skl A
I 2

Aol & sr2717h 94H o =9 ool Aishe
o Al ek "ol 8 Hslo] ¥r2



Laccase-EbnLb e A58 B3

07 14
(@)
0.6 r1.2
o
05 4 10 g
o
a 0.4 08 %..
w =
o
+ 0.3 06
|
0.2 04 !
0.1 0.2
0.0 0.0
0 60
0.7 14
)
0.6 A F1.2
o
0.5 r1.0 g
o
s 2
>
~ 04 08 5
w o
+ 0.3 4 06
|
0.2 4 o4 T
0.1 4 02
0.0 T T T T T 0.0
0 10 20 30 40 50 60
Discharge current (nA)
s
~ 0.3
w
0.2
0.1
ocv
—_———— Discharge (40 nA)
0.0 T T T T T

0 10 20 30 40 50 60
Time (min)
Fig. 5. Cell voltage and cell power density curves under different
discharge currents for EFCs using (a) Lac-(PVI-Os-dCl) or
(b) (Lac-SWCNTs-(PVI-Os-dCl)),-(Lac-(PVI-Os-dCl)), as
cathode. Anode was consisted of glucose oxidase, SWCNTs,
Os-based redox polymers, trehalase, and agarose. Measure-
ments were performed in PBS (pH 7.0) supplemented with
30 mM trehalose with slow shaking. The electrolyte was sat-
urated with oxygen before use.
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