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Effects of Surface Modification of Carbon Nanofibers on Their Electro—
catalytic Activity for Hydrogen Evolution Reaction of Water Electrolysis

Niu, Dongfang” Ding, Yong* Ma, Zhixing” Wang, Minghui”
Liu, Zhou” Zhang, Bowen” Zhang, Xinsheng**
(“State Key Laboratory of Chemical Engineering, East China University of Science and Technology,

Shanghai 200237)
(®School of Materials Science and Engineering, East China University of Science and Technology, Shanghai 200237)

Abstract The effects of surface modification of CNF on their electrocatalytic activity for hydrogen evolution reaction
(HER) were investigated. Firstly, Oxygen-containing functional groups were introduced onto the CNF surface (labeled as
CNF-OX) by a simple sonochemical oxidation in mixed acids (concentrated sulfuric acid and nitric acid) and then the nitro-
gen-containing functional groups were introduced onto the CNF-OX surface (labeled as CNF-ON) by sonochemical treat-
ment in ammonia, and the B-doped CNF was synthesized by mixing CNF-OX and boric acid in a ratio following by pyrolysis
at 800 C under N, atmosphere (labeled as B-CNF-OX). The XPS results showed that the ultrasonic treatments could intro-
duce oxygen- and nitrogen-containing functional groups onto the CNF surface successfully, the oxygen atoms content of
CNF-OX was increased from 1.96% to 6.01% compared to the untreated CNF (CNF-UN), and nitrogen atoms content of
CNF-ON was increased from 0% to 1.02% compared to CNF-OX. The pyrolysis of boric acid could introduce B element
onto the CNF-OX surface where the B atoms content of B-CNF-OX was 1.00%. The linear sweep voltammetry (LSV) test
results showed that the HER electrocatalytic activity of the modified CNFs were higher than CNF-UN, and among them
CNF-ON had the highest electrocatalytic activities for HER than the others, the onset overpotential of CNF-ON was 344 mV,
which shifted 240 mV positively compared to CNF-UN, and the electrocatalytic activity of B-CNF-OX was enhanced by
B-doping treatment compared to CNF-OX. The Tafel test indicated CNF-ON had smallest Tafel slop of 154 mV/dec and
largest exchange current density of 6.68 pA/cm?. The electrochemical impedance spectroscopy (EIS) was carried out to in-
vestigate the complex interfacial properties of the CNFs modified electrode, and the results showed that CNF-ON had the
smallest charge transfer resistance of 1578 Q among all the catalysts, which means the nitrogen-doped CNF had higher activ-
ity than the oxygen- and boron-doped CNF. All above indicated that the doping of heteroatom (O, B, N) onto the CNFs sur-
face had effects on their electrocatalytic activity for HER, especially the introduction of N atom onto the CNF surface had
excellent improvement.

Keywords carbon nanofibers; hydrogen evolution reaction; surface modification; electrocatalytic activity; water electroly-
sis
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2.1 CNFs iy XPS FKI{E

KA F AR 7 AR BRAF 4E R T ) C, N, B A1 O
JCEM XPS T RAITFE 1 . WE 1 FTLLEH,
CNF-UN R[N Al B TR S E N0, MRS &ML
J& CNF-OX £ O o3 & & B4, ER AN
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# 1 CNFs R TR XPS 7 Hr&s 7

Table 1 XPS analytical results of surface element composition of CNFs

Sample C (at.%) N (at.%) B (at.%) O (at.%)
CNF-UN 98.04 0 0 1.96
CNF-OX 93.99 0 0 6.01
CNF-ON 94.67 1.02 0 431
B-CNF-OX 91.95 0 1.00 7.05

I T& % B BEFI 1 CNFs [ XPS 70 & CE Z 1
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Figure 1 Peak deconvolutions of the XPS spectra of B-CNF-OX. (a) C
Is,(b) O 1s,(c) B Is

WA 1(a)fir, X BE B-CNF-OX i Cls W53 % T
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Figure 2 Peak deconvolutions of the XPS spectra of CNF-ON for N1s
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B 3 CNF-UN/GC (a), CNF-OX/GC (b), B-CNF-OX/GC (c), CNF-ON/
GC (d) 4 Fi A AE RS LA 0.5 mol/L HoSO, B I ZR ME 1R &
M2, FAEZ A 10 mV/s

Figure 3 LSV curves for HER on CNF-UN/GC (a), CNF-OX/GC (b),
B-CNF-OX/GC (c), CNF-ON/GC (d) electrodes in N,-saturated 0.5
mol/L H,SO, with a scan rate of 10 mV/s
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Figure 4 Tafel plots of the four different CNFs modified electrodes in
0.5 mol/L H,SO4
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Table 2 Kinetic parameters of HER in 0.5 mol/L H,SO4 on the four
different CNFs modified electrodes

Samples b/(mVedec ) o Jo/(uAecm ?)
CNF-UN 220 0.26 2.57
CNF-OX 193 0.30 2.56
B-CNF-OX 205 0.28 5.80
CNF-ON 154 0.37 6.68

MR 2 RRTLUR B, JUMAES ) Tafel #FR AL
120 mVsdec, KA BLIN N E A1/ 4L HER 3538 i
Volmer M4, H CNF-ON £} %2 5/, T —#A
BN Tafel BHEEZARICY RN/ NORER E % E
Tk E AT AR AR IN B I 2 5 B AR R AT P AR R R
FANNAT e B G, EUME R T DL B, A RE B
U7 i) CNF-ON H A 5 K A8 #e B 24 FE 1E. 6.68 pA/em’,
2.4 EBAEIZRMAHENRX

RT B LFH T R AT AU N i £ R DA LR
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Table 3 Model parameters simulated from the experimental EIS data in
Figure 6

Samples RJ/Q R/Q Y/(Q "-em 257" n
CNF-OX 5.034 4033 0.0005808 0.96
B-CNF-OX 5867 3886 0.000716 0.96
CNF-ON 5.386 1578 0.0004512 0.97

© 2015 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences
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Figure 5 Nyquist plots of the different CNFs modified electrodes at
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Figure 6 Nyquist plots of the three different CNF/GC electrodes at n=
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