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Abstract: Vanadium redox flow batteries are vital energy storage technologies for grid peak
shaving. However, their energy efficiency and rate capability at high current densities remain
limited. Herein, we developed an efficient electrochemical activation strategy in which pristine
carbon felt (P-CF) was treated at 10 V in a 0.1 mol/L NH,H,PO, solution to produce
electrochemically activated carbon felt (E-CF). Comparative analyses of surface morphology,
elemental composition, and wettability between P-CF and E-CF were performed using
scanning electron microscopy, contact angle measurements, Raman spectroscopy, and X-ray
photoelectron spectroscopy. The results reveal that (1) E-CF preserves its integral fiber
framework while developing etched regions, and (2) abundant oxygen-containing functional
groups are introduced, increasing the O/C atomic ratio from 5.14% to 28.94% and
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transforming the surface to superhydrophilic, as shown by the contact angle decreasing from
134.1° to 0°. Electrochemical tests demonstrate that O E-CF exhibits a significantly reduced
charge transfer resistance, enhancing vanadium ion reaction kinetics; @ single cells
assembled with E-CF achieve a voltage efficiency of 73.54% and an energy efficiency of
70.56% at 200 mA/cm? and (3 after reducing the current density from 200 to 80 mA/cm?,
capacity retention exceeds 80%. Compared with conventional treatments, this method offers
advantages such as short processing time, operational simplicity, environmental friendliness,

and cost-effectiveness.

Keywords: electrochemical activation; all-vanadium redox flow battery; carbon felt; oxygen-

containing functional groups
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E1 KMRIEHRENSEMER: (a) P-CF; (b) E-CF
Fig. 1 SEM images of carbon felts before and after
modification: (a) P-CF; (b) E-CF
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Fig. 2 Raman spectra of carbon felts before and
after modification
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Fig. 3 XRD spectra of carbon felts before and after
modification
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Fig. 5 Single peak fitting diagram of (a) C1s and (b)
O1s XPS of carbon felts before and after modification
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Fig. 6 Carbon felts before and after modification:

contact angle test: (a) E-CF; (c) P-CF; (b) static
infiltration test(left: E-CF, right: P-CF)
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Fig. 7 (a) Comparison of Positive CV curves of carbon felts before and after modification at a scanning rate of
10 mV/s; Positive CV curves at different scanning rates: (b) P-CF, (c) E-CF; (d) the plot of redox peak currents of
P-CF and E-CF versus the square root of the scan rates
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Fig. 8 Comparison of negative CV curves of carbon
felts before and after modification at a scanning rate
of 10 mV/s
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Fig. 9 Comparison of EIS test of carbon felts before
and after modification

20 80

BEAT 78 R PE REDI (& 10),  BABF 5T E-CF R Y
HL A 2 05 PERRAE o B 10(a)~(b) & 7~ , P-CF 7



2 3 BRSSO A i LA S TR AL TR B PR o) 5 S A REATT 9T 389

200 mA/em? FLL BN EVE e A AU SRR B HUR(1.30 V vs. 1.39 V)HMIEE m T8RP & L

fif ¥, 10 E-CF £ A7 I W i I o 2 T ¥y me4E (1.45 V vs. 1.36 V), %%E-CFE%K‘TE&E‘JJ‘&LEE

Fria €M R fE . B 10(c) ke 7n T 7E 80 %, HHfLAE MR EIRT. X~ RHK T E-

mA/cm HL AL R AN )R A AR S O it X CF%*&%AZMTEET%%%W%, (A 19 58 1 S v
o M T P-CF, E-CFRILUEACH 78 - "Ik,

1.6 / 1.6F
. / - 1.5
——80 mA/cm?

——100 mA/cm?

-
4]

E-CF 151
——80 mA/cm?
——100 mA/cm?
——120 mA/cm?
160 mA/em?
——200 mA/cm?

-
A
-
A

——120 mA/cm?
160 mA/em?
——200 mA/cm?

R AR MR ESFE 200

TETREERFRL) .
11F
. L . . 1.0 .

Cell voltage/V
w

Cell voltage/V
w

-
[N
T
-
o

Cell voltage/V
w

| —P-CF
—ECF

10, >, 10p80mAem® N
0 5 10 15 20 25 30 35 40 10 15 20 25 30 35 40 0 5 10 15 20 25 30 35
Capacity/(Ah/L) Capacity/(Ah/L) Capacity/(Ah/L)
b
100 @ 100 ®) 100 ©
. .-.-.—ll\._._._'
& sof c,\mzao-"“"‘\......‘"'\...\_*/»« < 80f
oy S Aaas S
: - . :
‘©c 60} 2 60} 2 60
% 80 100 120 160|200 80 | & 80 100 120 160§ 200( 80 & 80 100 120 160} 200 | 80
'_E 40+t ﬂé, 40+t E 40F
S 3 2
3 20f——P-CF > 20t——P-CF W 20t——P-CF
© ' |——EcCF ——E-CF ——E-CF
unit: r'InA/cm2 ) unit: mA/cm? . unit: rl'nA/cr'r]2 . . .
0 4 8 12 16 20 24 0 4 8 12 16 20 24 0 4 8 12 16 20 24
Cycle number Cycle number Cycle number
(d) ©
35 :

N W
U O

-
U1

80

-
(=)

Discharge capacity/(Ah/L)
N
[=)

—=—P-CF
—=—E-CF
unit: mA/cm?

0 2 4 6 8 10 12 14 16 18
Cycle number

@

E10 A RHERZETHFEMEMLZ: (a) P-CFRER. (b) E-CFHR; FEHRTE 80 mA/cm’*EREE T 7 k3t
(c); TEIEMAIELIE (d), BEYE (e) MAEEXE (f); (9)FNEIERIKRFES0. 100, 120, 160751200 mA/cm’EE R EE

THIEERMEE
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