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Activated carbon (AC) is an inexpensive catalyst for oxygen reduction in an air cathode of microbial fuel cells (MFCs). In the AC-based

cathode, carbon black (CB) is used as a conductive supporting material. In this study, it was hypothesized cathodic performance would increase

if reduced graphene oxide (rGO) replaces CB in an optimum ratio. rGO replaced CB in the four different weight ratios. Maximum power

density was the best in rGO15 (2,642 mW/m2) followed by rGO5 (2,142 mW/m2). In the optimum external resistance operation, rGO5 and rGO

showed similar power (~1,060 mW/m2), higher than the others. Linear sweep voltammetry, cyclic voltammetry, and impedance spectroscopy

also showed that the optimal rGO additions improved cathodic performance and reduced cathodic internal resistance. Due to the flatter and

wider shape of rGO and 5 times higher electrical conductivity than CB, the rGO addition improved the cathodic performance, but the complete

replacement of CB with rGO decreased the cathodic performance due to the increased thickness and the morphological crack. The optimum

rGO addition is a simple and effective method for improving cathodic performance
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• Single-chamber MFC, fed batch mode

• Anode: Carbon fiber brush

• Cathode: Different catalyst mixture-coated SSM, projected area

of 7cm2

• Linear sweep voltammetry Polarization test

• Linear sweep voltammetry

• Cyclic voltammetry

• Electrochemical Impedance Spectroscopy

• Medium: 2 g/L of sodium acetate hydrate and a 50-mM

phosphate buffer solution (PBS)

Cathode
Mass (mg) Ratio (%)

AC CB rGO Total AC CB rGO Total

rGO0 300 30 0 330 90.9 9.1 0 100

rGO5 300 25 5 330 90.9 7.6 1.5 100

rGO15 300 15 15 330 90.9 4.5 4.5 100

rGO30 300 0 30 330 90.9 0 9.1 100

OCV (mV) pmax (mW/m2) imax (mA/m2) iopt (mA/m2)

rGO0 562 ± 15 1955 ± 39 17,565 ± 2034 7532 ± 332

rGO5 560 ± 2 2124 ± 85 15,987 ± 1631 6900 ± 1566

rGO15 569 ± 28 2642 ± 163 19,348 ± 863 9175 ± 213

rGO30 550 ± 8 2120 ± 50 16,158 ± 244 7549 ± 25

𝐸𝑐𝑎𝑡
𝑜𝑝𝑡

(mV) 𝐸𝑎𝑛
𝑜𝑝𝑡

(mV) Ropt Rint

rGO0 −187 ± 45 −447 ± 22 49.5 ± 7.7 52.2 ± 12.1

rGO5 −130 ± 78 −452 ± 7 73.0 ± 41.0 66.4 ± 36.5

rGO15 −168 ± 5 −456 ± 10 45.0 ± 1.4 44.8 ± 0.2

rGO30 −169 ± 4 −451 ± 3 53.5 ± 0.7 51.8 ± 1.6

𝑖𝐿𝑆𝑉
𝐻 (A/m2)

rGO0 rGO5 rGO15 rGO30

9.17 13.01 13.06 12.69

Ipa (mA) 8.45 9.71 8.04 8.08

Ipc (mA) −15.44 −16.98 −16.46 −12.79

△Ip (mA) 23.89 26.69 24.50 20.87

Reduction peak (mV) N/D −131 −130 −183

Reduction current (mA) N/D −2.80 −2.80 −3.11

• rGO15 showed the highest LSV polarization maximum power

density (2642 mW/m2), the lowest cathodic polarization

resistance (42.6 Ω), the lowest total cathodic impedance

(31.8 Ω) and the highest LSV current density (13.06 A/m2).

• rGO5 showed the best power (1063 mW/m2) and current

(3896 mA/m2) during the optimum resistance operation, the

highest CV current production (26.68 mA) and rGO15 showed

similar power.

• Due to the flatter and wider shape of rGO comparing and

∼200% higher electrical conductivity than CB, the addition of

rGO improved cathodic performance, but the complete

replacement of CB with rGO decreased the cathodic

performance (rGO) due to the increased thickness and the

morphological crack.
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