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Abstract Microfluidic fuel cells (MFCs) exploit the two fluids to form the parallel flow in the microchannel, naturally sep-
arating the fuel and oxidant, and eliminate the proton exchange membranes in the traditional fuel cells. These membrane-free
fuel cells not only have outstanding advantages such as wide selections of the reactants and simple configurations, but also
tackle issues related to the membranes including membrane deformation and degradation and so on. To gain the all-alkaline
MEC in the anode and cathode, we constructed the direct sodium formate/potassium ferricyanide microfluidic fuel cell with
the catalyst-free cathode. Sodium formate was used as the fuel, potassium ferricyanide was adopted as the oxidant, and the
electrolytes in the anode and cathode were both sodium hydroxide solutions. We investigated the effects of the flow rates,
oxidant concentrations, fuel concentrations on the performance of the MFC. The performance of the MFC was gained by the
linear sweep voltammetry from the open circuit voltage to 0.0 V with the sweep rate of 10 mVes~!. Experimental results
showed that the performance of the MFC achieved the optimum, with the peak power density of 123.93 mWecm 2 and the
limiting current density of 220.93 mAe<cm 2 under the conditions of 200 pLsmin! flow rate, 1 moleL™! potassium ferricyanide
and 1.5 mol-L"! sodium formate. The discharge test and electrochemical impedance spectroscopy (EIS) measurement were
carried out under the conditions of the optimal cell performance. To evaluate the stability of this MFC, the discharge perfor-
mance of the MFC under the constant voltage (0.78 V) was measured. The result showed that the MFC could stably discharge
for about 2.25 h. Moreover, the internal resistance of the fuel cell was gained by the EIS measurement in the frequency range
from 1 MHz to 50 mHz with the amplitude of 10 mV. After fitting the EIS result, the internal resistance of the MFC under the
open-circuit voltage was 18.4 Q.

Keywords microfluidic fuel cell; sodium formate; potassium ferricyanide; liquid oxidant; alkaline media; performance
research

1 3% TR SR I T R R . GBS R
i, T 2 TR g

B R AT 2% gy, o AT PR HORUL IRE R B P 5 L ANG
s B LML I e, s 0 O R R
JRIEAE R HORE0%B0%) w1 g o oK Y RIS, 6 55 BRI

i
ﬁ%%m Xﬁ\ Ké{ﬁ(lﬂj: ,ﬁ[‘x){_i[l:;] J\_EF‘EE &E%__E‘LE%M AL, Y7 Fe 2 [/ AN =¥ | D' ol g TN
A R, (08t i TV F AT, i R FH O 2 5 DA 70 R A R AR, B A7 A JE R AR

B LI 30%LL )0, b KA 5 5]

* E-mail: Liuchm800226@163.com
Received May 20, 2022; published August 24, 2022.
Supporting information for this article is available free of charge via the Internet at http://sioc-journal.cn.
Project supported by the National Natural Science Foundation of China (No. 51506046), and Key Scientific Research Projects of Colleges and Universities in
Henan Province in 2022 (No. 22B470004).
T H 52 [ 5% [ SRR 23 G (No. 51506046)F1T B 45 2022 4F ¥ w45 22 42 # S RHITIS H (No. 22B470004) % B

1256 http://sioc-journal.cn © 2022 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences Acta Chim. Sinica 2022, 80, 1256—1263



F F R

i A

N R H 5T AR G S K — R AR [, Fer-
rigno ZEUIE 2002 FEFEH T ICHE A RGAL A SORE AL 3k
PR LA P 22 IR0 A A O IS Y 24T SR R Y
Fitk, Tt SRl it b i 7SS i, B AR LRI
BRI FIBE T, X ARG AR HT RAPORE ALt SR AN
G 1 RS AR A R AR T A DA R A v A ]
A, WEA SRR VYRR 5 TR
RIPEENE AR, i BB I A A — 1o,

TR AT UL 75 R BRI A AR fEL 3 7 R P B AR
FOREERINEH, 1 HR B R o PR A L B AT
. HRRERLE A WA IR, R R

DR 72 VRS A R Al Bl R A 012131,

TCR AR FEL R R FE B B R LR S ST IR
SR 2 (NaCIO)' | 3 S 4k & (H0)1 o L TR 47
(KMnO4)2%, VO, " /VO* " AL IE JE XTI, =M 8k
(Fe3 )22SR B B4 (NazS205)24. Choban Z51M415% I ¥
il EAE N AT, (A SRR IR IR R, S8R
ML RERAIK. Jayashree SEUSHEH T —Fh B 0PI 25 S B
W, BBV SR NEART, W T B MR EAE T PR
fil, $Em T E e (HVE SN AN T E Pt R A
JEAE JI AL, 3R M R I BT MR A IR Rk R )
AR HEEEMFALL, WESAMFEERRE R, %
JRBCR A 05, CA W2 B T AR R F .
SNERASET B IR 1 B, NaCl0 8% HaO, F 3% Ji 5 3 38 &
T Au 8 Pd SREJRIE ML) EEMETIER T,
NaClO 8¢ H.0, KA H il B, B4 e S s A
SR T P08 WA 2RI SRAS, 51 Rk
FEE R A, GBI MERE FRE. R KMnO, f1 VO,'/
VO S8 A8 R X 51T 75 AL AT LUK A2 I8 R OB, (H
KMnO; 738 J5 [ A 72 A AR P29 MnO, 23 [
FEHAR R, B AT TS B AR 3, PR it
PERERO2]. VO, VO AR IR X AT — e # i, AT
S5 e R ERIK BEIR, B4 SN R B i fe RO,
Fe? ' Fll NayS$:0s A TE 75 i 4b 77 T DL A2 38 i s B,
T BT FREE AT, A, NapS,0s 1F AL T B A H bl
i (+2.0 Vvs. SHE)H R H L 4. {H Fed " Fl NapS,05 H
TERR A 50T R B0 H B i i) S A PR 2224, xR 1) T A
N AT B A SRRk F b g 2 P P55

BREAH (Ks[Fe(CN)e ) B A G T/K . RIBLTG 7
A R R RO R 05, AN T SRR RAE
TR B AR T2 A 7281, {H K[Fe(CN)o] 1E M AT 14
TR ERL T PR SRR G o L BRI, D 3RAS B BH AR 35 A ik
PEA IR HL A AR S S TE 75 (A6 77 B e A i) i, A T
7 LLA S AL B (NaOH) 1 4 BR /BH B FEL A J5 R TR 4
(HCOONa)YE JHREL . Ka[Fe(CN)[/E NEALF, $2HIH
P AT T R ANk A B A R F .

Acta Chim. Sinica 2022, 80, 1256—1263

© 2022 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

R ARAAKR R FRL Tt JSH FFR FELA S S S 5
FH#K: HCOO +30H —COs> +2H,0+2¢”

E°=—1.05V vs. SHE (1)
FA#kZ: Fe(CN)s® +e —Fe(CN)s*
E'=+0.36 V vs. SHE ()

SEIGHTFT T IR MNITOE . FAL IR EE . MR R 45
AT ZHONIZ R AR I R RE R, BT T %
P (1 R PE i DA BT e s AT AR E

2 #R5WE
2.1 READIRSTE M RE RS20

52 | =P[R R BADIE (50 100 200 pLemin ')
NIRRT M RE, S5 SR 1 R, BHARER
B~ 0.5 moleL™' HCOONa ¥, ML N 0.25
moleL ™" K;3[Fe(CN)eJ¥A ¥, BAFHM AW E A [F).

HHE () AT %0, = A T st I 2 B % (Open
circuit voltage, OCV)ZERIAK, #1813V Ef. HiE KR
IS T TR BE o, R ) R R T K. YN 200
uLemin' B, HHLI PSR RE A, HEKIIREEN
67.84 mWeem 2, 7} BN 50 pLemin ' B F K%
P E(57.80 mWeem 2)1) 1.17 £5F1 100 pLemin ! i(60.53
mWecm ) 1.12 1.

141 @ —a——2—50 plemin' {75
o —*——0—100 ylemin’
12l o\ —e——0—200 pLemin’’ =
* 460
A l 60 e
1.0 0 .\ %
> 0.8 \ ° 45 =
-~ - — >
[} J I \\ =
(=} . 173
£ 4 r 5
S 06 \'l 30 2
—-— 1 ] g
0.4 \r \\ £
L]
\\ '\\ 15
02} )
A \f\
00 1 1 1 1 1 0
0 30 60 9 120 150
Current density/(mAecm °)
a00 | () —a———50 yLemin'
I Cathode —=———100 pLemin”’
200 - \ —e——0—200 yLemin’
> ’ I N
£ or ] \
< Cr
s IO
g 20f 1 |
2 400 L ;
o - r 1
g \ R \
8 ¢
8 -600 A \
w 3\ \\ '
S AN
-800 |- ahadd
Anode
-1000 L L L L
0 30 60 90 120 150

Current density/(mAecm %)

Bl R F R BARUE T E i BE 2 (a) R B BHARAR AL 1 2 (b)
Figure 1 MFC performance curves (a) and electrode potential curves
(b) under the different reactant flow rates
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Figure 7 The discharge performance of the MFC under the voltage of
0.78 V
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Figure 8 Nyquist plot of the MFC under the open-circuit voltage
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Table 1 Individual parameters gained from the Nyquist plot
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Figure 9 Detailed architecture of the MFC (a) and flowing schematic of
the two solutions in the MFC (b)
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